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CORRELATION BETWEEN GRADES ON SCORES AND GRADES ON 
CRITICISMS IN THE JUDGING OF DAIRY PRODUCTS 

WILLIAM WHITE, 1 >. A. DOWNS, M. J. MACK, K. L. POUTS 
and 0 . M. TROUT, Ch. 

Commit I rt on .hnfyinp of Dairy Product*, A .D.S.A. 

The judge of dairy produets is required not only to place numerical scores 
on the products being judged, but also to criticize them as well. Consider¬ 
able proficiency is often manifest by judges in placing a numerical value or 
score on a product. On the other hand, the specific reason for giving the 
sample a certain numerical value is frequently not so readily forthcoming. 
The various flavors, textures, and so on, which go to make up the general 
quality of the sample may lx* rather difficult to identify and to describe as 
compared to the placing of a numerical value, representing a degree of 
quality, upon the sample. 

Apparently in the judging of any dairy product such as butter, cheese, 
milk and ice cream, a judge must have separate abilities; first, the ability to 
recognize quality in a product and to place a numerical value on the product 
commensurate with it, and second, the ability to identify and describe the 
items which make up that quality. This paper presents data showing cor¬ 
relations between those abilities as noted in the grades of student judges. 

These data were secured from the 3038 National Dairy Products Judging 
Contest in which twenty-three college teams of three men each competed in 
the judging of butter, cheese, milk, and ice cream. In this contest, fi9 con¬ 
testants scored and criticized seven samples eacli of the above products. 
Grades were thus available on 488 contestant-sample judgments per 
product. 

GRADING OF CONTESTANTS 

In dairy products judging the contestant’s grade is a negative grade, 
being in part the difference between the official score and the contestant’s 
score, and in part, the grade, not exceeding one point per score card item, 
based upon the contestant’s ability to describe the quality as indicated and 

Received for publication May 27, 1939. 

Credit is due I)r. W. D. Baton, Mathematics Department, Michigan State College, for 
guidance in the statistical treatment of the data of this study, and to Dr. G. P. Deyoe, 
Department of Education, Michigan State College, for a critical reading of the manu¬ 
script; and for suggestions pertaining to possible predictions of the-£hidv. 
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described by the official judge. Obviously, the contestant with the lower 
grade lias the higher rank in judging ability, inasmuch as his judgment is 
closer to the official judgment. The compilation of a contestant-sample 
grade, for example, in the judging of cheese, may be illustrated as shown in 
table 1. 

TABLE 1 


The method by which a contestant grade is compiled 


Item 

Score 

Grade 

Oil 

score 

Criticism 

Grade 

on 

criticism 

Contestant j 

Official 

| Contestant | 

Official 1 

Flavor . 

I 30 ! 

37 

2.0 

acid 

hitter 

3.0 

Body and 







texture 

28 

27 

L0 

mealy 

mealy ; 

| 0.0 

Finish .... 

| .15 

15 

0.0 



! 0.0 

Color . 

10 ; 

10 

0.0 



I 0.0 

Total .. 

j 


3.0 



1.0 


(trade on sample, 3.0 f 1.0 r. 4.0 


The sum of the contestant grades on the seven samples represents his 
grade for that product. Naturally in this method of grading much depends 
upon the correctness of the official scoring of the product. To this end an 
official judge assisted by two coach judges does the judging for a specific 
product. In the 1938 contest the official judges were: butter, L. S. Edwards, 
assisted by coach judges E. 0. Herreid and S. T. Coulter; cheese, H. L. Wil¬ 
son, assisted by L. C. Thomsen and K. R. Renner; milk, C. J. Babcock, as¬ 
sisted by I. A. Gould and F. *1. Doan; and ice cream, A. C. Dahlberg, 
assisted by W. II. Martin and N. E. Fabric ins. 


DISTRIBUTION OF CONTESTANT GRADES 

The percentage distribution of the contestants according to total grades 
in the judging of butter, cheese, milk and ice cream are given in table 2. 
Here it will be noted that the mean grade was lowest in butter judging, being 
14.63 ± 0.33; was slightly higher in cheese and in milk judging, 17.55 ±: 0.52 
and 16.97 rfc 0.48 respectively; and was 26.90 rh 0.51 in ice cream judging, 
nearly twice that for butter. 

These variations in mean values, particularly a low value in butter arid a 
high value in ice cream, would seem to indicate that butter scoring was 
more nearly standardized throughout the country than ice cream scoring, 
or that fewer items were cut in the scoring of butter than in the scoring of 
ice cream, or both. 

Concerning the items cut, the official scores show that 7, 12, 11, and 13 
items were cut and criticized in the scoring of seven samples each of butter, 
cheese, milk and ice cream respectively. Hence ice cream scoring seems not 
only to be less standardized, but includes slightly more items cut and criti- 
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TABLE 2 

Percentage distribution of conit stunts, according to grades, in the judging of seven 
.samples each of four dairy products, Students’ National Dairy 
Products Judging Contest, 193,S 


Percentage distribution of contestants judging 
(Rush interval of grade • — ---- ; — - 



Butter 

Cheese i 

Milk 

Ice eream 


Per cent 

Per cent 

Per cent 

Per cent 

4.1 - 0.0 

1.42 




0.1 - 8.0 

4.20 

1.42 

4.30 


8 .1-10.0 

2.87 

4.20 

1.42 


10.1 -12.0 

2 o.82 

14.24 

11.48 


12.1-14.0 . 

20.00 

12.92 

12.92 


14.1-10.0 

15.79 

7.18 

11.48 


10.1-18.0 

12.48 

15.79 

18.22 

1.42 

1 8.1 -20.0 

,8.01 

18.21 

11.48 

13.92 

20.1 - 22.0 

5.74 

4.20 

18.00 

7.18 

22.1 - 24.0 

1.12 

7.18 

2.87 

8.01 

24.1 - 20.0 


7.18 

2.87 

17.22 

20.1 28.0 


2.87 

2.87 

14.35 

28.! - 3M.o 


2.87 


15.79 

:io.i - ;i2.o 



1.42 

8.00 

:i2.i - :i4.o 


1.42 


2.87 

:i4.l-:io.o 




2.87 

;io. i - mk.o 




4.30 

28.1 40.0 




1.43 

40.1 -42.0 

42.1-41.0 

1.42 



3.43 

No. of contestants 

09 

ISO 

09 

09 

Mean grade* for 7 samples 

14.02 + 0.22 i 

17.7)7) + <1.52 

10.97 + 0.48 

20.90 + 0.51 

Mean grade, per sample 
Mean grade, per score 

2.09 

2.51 

2.42 

3.84 

card item It 

0,52 

0.82 

1.21 

1.28 


* These wen* obtained from uugrouped data, 
t Mean grade for butter for ON contestants only, 
tt Package. in butter, finish in cheese, and sediment in milk not subject to criticism in 
the students’ contest; the above calculations based upon a total of 28 items for seven sam¬ 
ples each of butter and of cheese, upon a total of H items for milk, and upon 21 items for 
ice cream. 

eizod, which increases the possibility of a higher contestant grade in that 
product. 

Tlie data in table 2 are arranged to show the distribution of contestants 
according to grades per product, and the averages per sample and per score 
card item. On a per item basis higher grades, which represent lower judg¬ 
ing ability, were noted in the judging of milk and of ice cream than of butter 
and cheese. However, it must be borne in mind that a higher percentage of 
the items on the butter score card than on the cheese, milk, and ice cream 
score cards are never cut in the scoring of that product. On the other hand, 
these items are subject to cuts and have therefore been included in the aver¬ 
ages. This accounts in large part for the low per item grade in butter 
judging. 
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STANDARDIZATION OF BUTTER JUDfllNO IN RESPECT TO JUDGING OF BODY 

Despite the assumed standardization of butter judging throughout, the 
country, the number of contestants who persisted in cutting the body of 
butter, a phase of butter judging about which the modern butter judge is 
extremely lenient, was surprisingly high. Only one sample of butter, num¬ 
ber 6, was cut in body by the official judges in the 1938 contest. Yet, just 
a single contestant of the 69 contestants cut the body of this sample only. 
Seventeen of the 69 contestants or 24.6 per cent, scored all the samples of 
butter perfect, in body; 13 cut the body of only one of the seven samples, but 
not necessarily the same sample; 18 cut the body of two samples; 11 cut the 
body of three samples; 4 cut the body of four samples; and 6 cut the body of 
five samples. Likewise interesting are the total numbers of contestants 
cutting the body of specific samples of butter. These, with the official scor¬ 
ing, in part, are shown in table 3. 

TABLE 3 


The number of vaults tan Is catting the body of specific samples of butter 


Sample 

number 

Number out of 69 
contestants who cut 
the body of the 
various samples of 
butter 

Official total score 
of butter samples 

Body of butter cut by 
official judges, with 
criticism 

1 . 

14 

88 


2 . ' 

:\h 

93 

- 

3. 

.10 

91 

- 

4. ; 

17 

92 


5. 

23 

88 

- 

6. 

15 

89.5 

+, crumbly 

7.: 

7 

' 90 

- 


Sample 6 was criticized by the official judges as being “crumbly.” Pos¬ 
sibly this condition was not so noticeable when the sample warmed during 
the four hours of scoring, as indicated by the relatively few who criticized 
the body of this sample. Consequently, the group of contestants scoring 
butter last may have considered the crumbly condition, if noted at all, as not 
sufficiently serious to merit a cut. 

Thirty-eight of the 67 contestants, or 55 per cent, criticized the body of 
sample 2, which was a 93 score butter having a smooth waxy body and which 
was not criticized officially in any respect. 

This discussion of the student scoring of the body of butter is included 
merely to point out that that which was thought to be so standardized may 
not be so standardized after all. Many data of a similar nature may be pre¬ 
sented on other items of the same and of other products but are without the 
scope of this paper. 


ABILITY TO SCORE VERSUS ABILITY TO CRITICIZE DAIRY PRODUCTS 

Many coaches believe that if a student can score a product with a high 
degree of proficiency he can also describe the produet with considerable 
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accuracy. Likewise, many contestants who have scored the products very 
close to the official score have been embarrassed to learn that their total 
grade was much higher than anticipated, due to the added grades on criti¬ 
cisms. To ascertain what relationship existed between ability of student 
judges to score and their ability to criticize the various dairy products the 
data were subjected to detailed study. 

In grouping the contestants according to their proficiencies, either in 
scoring or in criticizing, their grades were grouped, first, according to grade 
on score and, second, according to grade on criticism. Lack of or presence 
of ability in scoring or in criticizing was assumed when the grade was above 
or below a certain standard which was determined by inspection of the 
ungrouped data. 

When the contestants were thus grouped according to their abilities to 
score or to criticize the product, their supplementary grades on criticisms or 
scores, whichever the case may have been, were summarized. These group¬ 
ings and mean grades are presented in tables 4 and (». A study of the data 
of table 4 shows that, regardless of the product, the contestant showing 

TABLE 4 


Studenl grades oh critici 

yiri/f stven samples 

each of butler, chase, milk 

and ice cream as 

indicat t 

(l by their proficiencies in scoring the samples 



Moan grade on 

“criticism** when grade oil 4 'score** was 

Product 


Below 10.0* 



No. of 

Mean grade, i 

Alcan grade 


students 

on ‘‘ score * * | 

on 4 ‘criticism ” 

Butter 

:j-4 

;'.48 ± 0.22 ! 

0.20 4 0.28 

Cheese 

211 

7.30 4 0.37 

5.10+ 0,20 

Milk. 

17 

7.80 1*0.40 

3.13 + 0.25 * 

Ice cream 

33 

17.22 ±0.44 

5.30 + 0.3 X 

Above 10.0** 

Blitter . 

3 3 

10.43 + 0.70 

0.77 ± 0.27 

Cheese . 

40 

, 14.53 -r 0.47 

0.72 + 0.24 

Milk. 

f>2 

14.46 *< 0.43 

4.50 + 0.23 

lee cream . 

| 36 

j 24.27 + 0.44 

0.37 + 0.23 


* Below and above 7.0 in the ease of butter. 

** Below and above 20.0 in the case of ice cream. 


superiority in scoring exhibited little superiority over the poorer scorers in 
criticizing the samples. The difference between the grades on criticism of 
the two groups, except in cheese judging, was not statistically significant, as 
shown in table 5. 

A study of the data of table 6 on the other hand shows that a contestant 
exhibiting ability to criticize the sample, also usually has ability to score the 
sample with considerable proficiency. These observations are particularly 









6 


WILLIAM WHITE ET AL. 


TABLE 5 


Significance of differences in mean grades on criticisms of the low - versus the high-scoring 

group of contestants 


Product 

Mean grades on criticism of 

Difference 
in grades 

t value for 
difference; 

statistical 

significance 1 

Low group 

High group 

Butter . 

fi.20-f0.28. 

fi.77 ± 0.27 

I 0.57 

1.50* 

Cheese . 

5.10 -f 0.20 

6.72 + 0.24 

1 1.02 

4.251 

Milk . 

3.13 + 0.25 

4..W + 0.23 

1.43 

1.83* 

Ice cream . 

5.59 + 0.31 

6.37 + 0.23 j 

0.78 

2.02 tt 


1 Table III, Mathematical Statistics, W. P. Baton, John Wiley and Sons, N. Y. 

* Not significant, 
t Highly significant. 

11 Border line case. 

TABLE 6 

Student grades on scoring seven samples each of butter, cheese, mill' and ice cream as 
indicated by their proficiencies in criticizing the samples 


Moan grade on ‘‘score ’ } when grade on “criticism ’ ’ was 


Product 

Below 5.0* 

No. of ' Mean grade 

students J on “ crit ic ism 1 9 

Mean grade 
on 4 4 score * ’ 

Butter . j 10 4.28 + 0.21 

Cheese . i 20 ' 4.25 + 0.10 

Milk . j 25 2.51 + 0.11 

Ice cream . I 27 4.23 + 0.05 

5.93 + 0.51 
8.53 + 0.50 
11.31 + 0.73 
19.40 + 0.03 

i ' Above 5.0* 

Butter . 

Cheese . 

Milk . 

Ice cream . 

53 ! 7.10 + 0.10 

43 7.13 ±0.17 

44 5.17 + 0.19 

42 7.34 + 0.15 

8.80 + 0.58 
13.31 +0.64 
13.59 + 0.60 
21.85 + 0.83 


* Below and above 3.5 in the case of milk. 


TABLE 7 


Significance of differences in mean grades on scores of the low * versus the high-criticizing 

group of contestants 


Product 

Mean grades 

Low group 

i on scores of 

High group 

i 

Difference 
in grades 

t value for 
difference; 
statistical 
significance 1 

Butter . 

! 5.93 ± 0.51 

8.80 + 0.58 

2.87 

2.33* 

Cheese . 

8.53 + 0.56 

13.31 + 0,64 

4.78 

5.15t 

Milk . 

11.31 ±0.73 

13.59 + 0.60 

2.28 

2.37* 

Ice cream. 

19.40 + 0.03 

21.85 ±0.83 

2.45 

2.35* 


1 Table III, Mathematical Statistics, W. 1). Baton, John Wiley and Son, N. Y. 
* Significant, 
t Highly significant. 
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interesting in view of the commonly accepted idea that a stud on 1 who exhibits 
scoring ability can be relied upon to criticize the sample with accuracy. 
Rather the reverse seems to be true. According to these data, the student 
superior in criticizing the samples is likely to be superior also in scoring the 
samples. The differences between the mean grades on the scores of the 
superior and of the inferior groups in criticizing ability were statistically 
significant, regardless of the product, as shown in table 7. Those observa¬ 
tions would seem to be of special importance from the pedagogical standpoint 
in the training of student judges. 

CORRELATION BETWEEN ALL CONTESTANTS’ GRADES ON SCORES AND THEIR GRADES 

ON CRITICISMS 

In view of the previously shown lack of or lesser ability of a contestant to 
describe a sample, although he may have scored it with proficiency, it seemed 
desirable to determine the coefficients of correlation between the gratles on 
scores and the grades on criticisms for all the contestants as a single group. 
Accordingly, this was done on the pairs of grades per contestant per product. 
The correlation coefficients and their statistical significances are included in 
table 8. 

TABLE 8 

Coefficients of correlation between grades on scores and gradts on criticisms in the judging 

of dairg products 


Group 

Product 

Number of pairs 
of observations 

Coefficients of 
correlations 1 

Individuals 

Butter 

08 

0.300-1 * 


Cheese 

69 

0.82141 


Milk 

69 

0.31931 


lee cream 

69 

0.44561 


All products 

275 

0.23541 

Teams 

Butter 

23 

0.8726t 


Cheese 

23 

0.60761 


Milk 

23 

0.2641 (Not sign.) 


Tee cream < 

23 

0.4615* 


All products : 

92 

0.1.981 (Not sign.) 


1 Fislier’s table VA. 

* Significant at the 5 per cent level, 
t Significant at the 1 per cent level. 


Less correlation between contestant grades on scores and on criticisms 
was found in butter judging than in any other product. This was followed 
very closely by milk, then by ice cream. The greatest coefficient 0.8214, 
between contestant grades on scores and on criticisms was noted in cheese 
judging. This high coefficient between cheese grades and low coefficients 
between butter, milk, and ice cream grades, may be explained, in part, by the 
fact that the presence of or lack of quality in cheese may often be noted by 
the eye, and that which may be seen may be described more accurately, and, 
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in part, by the fact that samples identical to the three preliminary or key 
samples were included in the group of seven samples which were judged in 
the 1938 contest. Undoubtedly several students recognized one or more of 
these three samples and thus scored them as the official judges had scored 
them. 

The lowest coefficient between individual grades on scores and grades on 
criticisms, 0.2354, was found when the correlation was calculated between 
the grades of all the products as a whole. The correlation bet ween the indi¬ 
vidual grades on scores and grades on criticisms of butter was significant at 
the 5 per cent level, whereas those on milk, cheese, and ice cream were highly 
significant, as shown in table 8. Most of the coefficients of correlation shown 
in table 8 are statistically significant; i.e. f the chances are no more than 5 out 
of 100 that the relationships could have occurred from fluctuations in 
sampling. 

However, it is important to interpret these coefficients from the stand¬ 
point of their value for predictive purposes. Using the highest coefficient of 
correlation, 0.8726, as a basis for predicting* the grade of a team on one 
trait from the grade on the other trait, it would be possible to make the pre¬ 
diction with an accuracy which would be slightly over 50 per cent better than 
a guess. Taking the lowest correlation which is statistically significant, 
0.2354, based on grades for all products for individuals, the prediction would 
be only about 3 per ceiit better tiian a sheer guess. The other coefficients, if 
used in a similar manner would provide predictions with degrees of effective¬ 
ness betwee n these extremes. These may be computed by using the formula 
of and the resultant figure subtracted from 1.00. For example, a 

correlation coefficient of 0.30, such as was found between the grades of indi- 



TEAM STANDING 

Frn. 1. Lines of regression of team grades on scores and on criticisms in the judging 
of butter. 

* Statistics in Psychology and Education, Garrett. H. E., Longmans, Green & Co.. 
New York City. p. 345. 
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TEAM STANDING 

Fig. 2. Linos of regression of team grades on scores and on criticisms in the judging 
of clieesc. 

viduals in butter judging, would provide a prediction which would be about 
5 per cent better than a guess. 

It is doubtful, therefore, if anyone would wish to hazard a prediction 
based on any of the coefficients, with the possible exception of the high¬ 
est. Such comparisons as these give further indication that the traits or 
abilities in question are not closely similar. 

CORRELATION BETWEEN TEAM GRADES ON SCORES AND THEIR GRADES ON 

CRITICISMS 

The correlation coefficients between team grades on scores and team 
grades on criticisms are also included in table 8. The observed correlations 
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TEAM STANDING 

FlG. 3. Lines of regression of team grades on scores and on criticisms in the judging 
of milk. 
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between team grades on scores and on criticisms in butter and cheese judging 
were highly significant, that on ice cream was significant, whereas those on 
milk judging and on all products were not statistically significant. 

The correlation coefficient between the grades on scores and on criticisms 
of individuals judging butter was 0.3064, which was significant at the 5 per 
cent level, whereas that of the team in the same respect was 0.872fi, which 
was highly significant. Apparently the groups of individuals comprising the 
teams were able to score and to criticize the samples with high correlation 
between the grades on scores and the grades on criticisms, but individually 
showed so much variation that less significance eoukl be attributed to the 
coefficient observed. 



TEAM STANDING 

Fig. 4. Lines of regression of team grades oil scores and on criticisms in the judging 
of ice cream. 

The coefficient between grades of scores and grades of criticisms of the 
teams in cheese judging, like that of the individuals, was highly significant. 
In ice cream and milk judging, especially milk, less significance could be 
attributed to the coefficients of the team grades than that of the individuals 
as a group. These observations would seem to indicate that the standard of 
judging for some products are fairly well fixed in the minds of the coaches 
while those of other products are not so well established, assuming in the 
coaching that equal emphasis and time had been allotted to each product. 
On the other hand, it is not unlikely that the flavors current to some products, 
inilk and ice cream for example, may be more difficult to identify than those 
for butter and cheese. Hence, lower coefficients are observed between score 
and criticism grades in those products. Apparently, these lower correlations 
between team grades on scores and on criticisms of milk and of ice cream 
were more than sufficient to counterbalance the higher correlations between 
the pairs of grades in butter and in cheese judging, thus resulting in a non¬ 
significant coefficient of 0.1981 between the grades in all products. 
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The team grades on scores and oil criticisms in butter, cheese, milk, ice 
cream and all products judging, showing lines of regression, are presented 
graphically in figures 1, 2, 3, 4, and 5 respectively. In all cases the lines 
seem to fit the data, very well as van be seen by examining the figures. Like¬ 
wise, the standard errors of estimate were calculated from the data of 
figures 1 and 2. These standard errors were found to be quite small, .and 
thus were not included in the figures. 



TEAM STANDING 

Fig. 5 . Lines of regression of team grades on scores and on criticisms in the .■judging 
of butter, cheese, milk and ice cream. 


SUMMARY 

Grades on scores and on criticisms of 483 contestant-sample judgments 
each of butter, cheese, milk and ice cream were studied to ascertain the cor¬ 
relation between scoring ability and criticizing ability. 

The mean total grades on butter, cheese, milk, and ice cream were 14.63 it 
0.33, 17.55 ± 0.52, 16.97 ± 0.48, and 26.90 it 0.51 respectively. 

Except in cheese judging, the differences in the mean individual grades 
on criticisms between tin* groups showing good and showing poor scoring 
ability were not statistically significant. In cheese*judging these differences 
were highly significant. 

The differences in the mean individual grades on scores between the 
groups showing good and showing poor criticizing ability in judging butter, 
cheese, milk and ice cream were all statistically significant ; those in cheese 
judging being highly significant. 

The differences observed indicate that the judge who can score reliably 
may not be able to criticize accurately, but that the judge who can criticize 
the samples fairly accurately may be able to score reliably as well. 

Correlation coefficients between all contestant grades on scores and their 





12 


WILLIAM WHITE ET AL. 


grades on criticisms in judging butter, cheese, milk, ice cream, and all prod¬ 
ucts were 0,3064, 0.8214, 0.3193, 0.4456, and 0.2354 respectively; all of which 
were statistically significant. 

Correlation coefficients between team grades on scores and their grades on 
criticisms in judging butter, cheese, milk, ice cream, and all products were 
0.8726, 0.6676, 0.2641, 0.4615, and 0.1981 respectively, the two former being 
highly significant. The coefficients between team grades on scores and on 
criticisms of milk and all products were not significant, whereas that of ice 
cream was significant. 

The coefficients of correlation used as a means of predicting the grade on 
one trait from the grade on another trait gives further indication that the 
abilities to score and to criticize are not closely similar. 

Lines of regression of team grades on scores and on criticisms for butter, 
cheese, milk and ice cream seem to fit the data very well. 



MINERAL COMPOSITION OP COLOSTBAL MILK 1 

O. F. GARRETT-’ AM) 0. K. OVERMAN 
Illinois Afjricvltural Experiment Station, Urbana, Illinois 

The unique importance of eoloslrum in the diet of the new-born calf has 
made a study of its composition of especial interest to several investigators. 
Further interest has been stimulated by the usual legal definition of market 
milk which prevents the sale of milk within f> days after parturition. It has 
long been known that colostrum is high in total solids, extremely high in total 
protein and contains somewhat more total ash, fat, and chlorine and some¬ 
what less lactose than normal milk. It has also been known for some time 
that the great increase in total protein is due primarily to an increase in 
lactoglobulin. The work of Crowther and Raistrick (1), Wells and Osborne 
(2) and Woodman and Ilanfmond ('») is of especial interest in this con¬ 
nection. 

Overman and Samnann (4), in 192b summarized the results on the eom- 


TABLE 1 

Summarized results obtained by j5 in rest iff a tors on cows’ colostrum 



Total 

solids 

Ash 

Fat 

Total 

protein 

Lactose 

Specific 

gravity 





Cf 

CL 



it) 

.'o 

Yc 

/o 

ic 


First Milking 







No. of Allah's*-8 

00 

58 

73 

54 

53 

59 

Maximum 

38.40 

2.31 

9.55 

27.35 

4.02 

1.0830 

Minimum . . .. 

13.72 

0.68 

0.15 

4.80 

0.00 

1.0318 

Average . 

21.5,1 

1.33 

3.89 

10.70 

2.50 

1.0004 

Second Milking 







No. of Analyses 

4.1 

40 

44 

42 

10 

38 

Maximum . 

31.11 

1.37 

9.00 

19.47 

4.70 , 

1.0701 

Minimum . 

11.83 

(>.00 

0.50 

5.01 

i 2.37 

1.0299 

A verugo . ! 

: I8.no | 

0.97 

i 3.84 j 

9.33 

3.52 ! 

1.0437 

Third Milking 






13 

No. of Analyses 

1 17 

10 

| ™ 

1 17 

12 

Maximum . 

1 27.62 

1.25 

1 5.18 

17.90 

4,44 

1.0710 

Minimum . 

12.89 

0.07 

: 0.50 | 

! 4.85 

2.74 

1.0303 

Average . 

! 10.75 

0.90 

3.11 

j 

; 7.00 

| 

3.85 

1.0376 

Fourth Milking 

| 


11 

12 


9 

No. of Analyses 

13 

9 

9 

Maximum . 

20.11 

1.24 

6.00 

0.52 

4.80 i 

1.0025 

Minimum . 

12.93 j 

0.77 

1.70 | 

4.27 

3.02 

1.0300 

Average . 

15.21 i 

0.88 | 

3.82 

6.10 

1 

4.23 j 

1.0372 


Received for publication May 31, 1939. 

i The data used in this paper are taken from a thesis presented to the faculty of the 
graduate school of the University of Illinois by 0. F. Garrett in partial fulfillment of the 
requirements for the Degree of Doctor of Philosophy. 

* Present address, New Jersey Agricultural Experiment Station, New Brunswick, 
New Jersey. 
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position of colostrum as obtained by 25 different investigators. A part of 
the data presented in table 1 of their article is shown here in table 1. 

Engl mg (5) in 1875 seems to have been the first to report analytical data 
showing the ash content of colostrum during its change to normal milk. The 
more recent work of Engel and Sehlag (6), in 1924, and Overman and San- 
mann (4), in 1926, is more comprehensive, however, and a summary of their 
data dealing with ash content is presented in table 2. 

TABLE 2 


Changes in ash content of colostrum 
(Data from Engel and Sehlag (G) and Overman and Sanmann (4)) 


Time after 
parturition 

Engel 

and 

Sclilag 

Overman and Sanmann 

Holstein 

Ayrshire 

3rd 

lactation 

34th 

lactation 

15th 

lactation 





Left 

Bight 

Left 

Bight 





half 

half 

half 

half 

At 

once . 

1.01 

3.02 

1.02 

3.06 

0.82 

0.76 

3 hours . 


0.91 





6 

t < 

0.91 

0.97 

1.02 

1.02 

0.92 

0.76 

9 

< < 


0.93 





12 

i i 

0.89 

0.86 

3.01 

0.92 

0.94 

O.90 

18 

tt 


0.84 

1.01 

0.87 

0.91 

0.90 

24 

tt 

0.86 

0.82 

0.91 

0.84 

0.90 

0.94 

30 

11 

0.83 

0.81 

0.91 

0.82 

0.85 

0.94 

36 

a 

0.84 

0.82 

0.85 

0.79 

0.77 

0.79 

42 

i ( 


0.80 

0.85 

0.77 

0.78 

0.79 

48 

tt 

0.83 

0.80 

0.81 

0.77 

0.85 

0.88 

54 

ft 

. 

0.79 

0.81 

0.78 

0.79 

0.88 

60 

i t 


0.79 

0.83 

0.80 

0.78 

0.77 

66 

t1 

. 

0.77 

0.83 

0.80 

0.70 

0.77 

72 

(i 

0.84 

0.77 

0.81 

0.78 

0.76 

0.73 

78 

(t 


0.80 

0.81 

0.77 

0.75 

0.73 

84 

( < 


0.78 

0.80 

0.78 

0.70 

0.76 

90 



0.79 

0.80 

0.78 

0.74 

0.76 

96 

< ( 

. 

0.83 

0.76 





302 



0.76 





108 



0.85 





114 

* * . 


0.82 





320 

( i 

0.85 

0.78 





126 

t ( 


0.79 





132 

tt ! 


0.80 





138 

tt 


0.76 





144 

t t : 


0.77 ! 

0.76 

0.76 

0.73 

0.72 

150 

i t 


0.78 ! 





156 

tt . ! 


0.75 ! 





162 

tt ■ 


0.76 





168 

tt 

0.84 i 


0.78 

0.76 

0.78 

0.71 


The data of Overman and Sanmann is of especial interest with reference 
to the data presented in this paper which were also obtained on colostrum 
from a Holstein and an Ayrshire. The Ayrshire used by Overman and San¬ 
mann, however, was quite an old cow while the one used in these studies was 
a first-calf heifer. 
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Engel and Schlag (6) reported that the percentage of P 2 O r ,, CaO, MgO 
and NaOl vary somewhat during the colostral period. Holien (7) found 
that the ash of colostrum differed considerably from that of normal milk. 
His data indicated that calcium and potassium had increased and the sodium 
decreased by the sixth day while the phosphorus had not reached a normal 
level. 

In the study reported in this paper the milks from a purebred Holstein 
and a purebred Ayrshire were used. Both animals were first-calf heifers. 
In collecting the colostrum samples all the milk from two quarters on the 
same side of the udder was taken. After thoroughly mixing, the milk was 
analyzed for total solids, total ash, total protein, fat, lactose and chlorides 
and samples were taken for the mineral element analysis. The latter were 
dried in large porcelain crucibles and slowly ashed in an electric furnace at 
a temperature which never exceeded 050° 0. Recovery tests of added min¬ 
eral elements indicated that very little or no loss of elements occurred during 
the ashing process. 

The gross composition of the milks of the two cows are presented in table 

TABLE 3 


Cross composition of colostrum 


Time after 
calving 

Specific 

gravity 

Totnl 

solids 

Ash 

Protein 

Fat 

j Lactose 



p< r cent 

per cent 

percent 

per cent. 

| pr r ct w t 


Holstein 


At parturition 


1.0537 

27.42 

1.37 

13.97 

8.45 

3.63 

0 hours 


1.0345 

27.47 

1.07 

9.34 

13.02 

4.04 

12 “ 


1.0316 

15.63 

0.89 

4.77 

5.68 

4.29 

IS “ . 


1.0308 

14.56 

0.87 

4.25 

5.20 

4.18 

24 * * . 


1.0297 

13.98 

0.87 

3.99 

4.88 

4.24 

30 *' . 


1.0304 

13.41 

0.87 

4.09 

3.88 

4.57 

36 “ „ . 


1.0304 

13.54 

0.86 


4.08 

4.75 

44 “ . 


1.0302 

13.52 

0.85 

3.57 

4.25 

4.85 

52 “ .. . . 

. 

1.0297 

13.35 

0.86 

3.66 

4.14 

4.69 

60 “ 


1.0301 

14.22 

0.84 

3.70 

5.02 

4.06 

68 “ . 

__; 

1.0298 

14.17 

0.84 

3.79 

5.19 

4.35 

70 “ 


1.0314 

13.82 

0.85 

3.86 

4.68 

4.43 

84 “ 


1.0317 

14.70 

0.81 

3.58 

6.79 

3.52 

1 Ida vs . 


1.0302 

12.78 

0.75 

2.92 

4.33 

4.78 

Ayrshire 

At parturition ... 

; 

1,0594 

25.38 

1.10 

14.70 

5.40 

4.12 

6 hours . 


1.0457 

21.15 

1.03 

11.36 

4.85 

3.91 

12 “ . 


1.0389 

20.32 

0.91 

7.00 

8.46 

3.95 

18 “ . 


1.0342 

14.84 

0.S3 

4.44 

4.90 j 

4.67 

24 << 


1.0343 

13.70 

0.79 


4.43 


32 “ . 


1.0346 

31.65 

0.87 

4.09 

2.31 < 

4.38 

40 “ . 


1.0345 

13.81 

0.91 

4,17 

3.92 ' 

4.81 

48 “ . 

1 

1.0322 

12.22 

0.86 

4.06 

3.14 

4.16 

56 1 * . 


1.0332 

12.52 

0.82 

3.73 

3.23 

4.74 

64 “ . 

... ! 

1.0321 

12.98 

0.82 

3.83 

4.25 i 

4.08 

72 * * 

1 

1.0324 

12.87 

0.85 

3.86 

4.00 i 

4.16 

10 clays . 


1.0361 

13.56 

0.75 

3.17 

3.73 1 

5.91 
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3. The lactose was obtained by difference (Total solids—(Ash + Protein + 
Fat)). 

At parturition the specific gravity, total solids, total ash, total protein 
and fat are high. These initial values are followed by a fairly steady decline 
during the colostral period. It is interesting to note the high fat content 
in the milks of the two cows respectively at 6 and 12 hours after parturition. 
The lactose content of these milks is correspondingly low but shows a fairly 
steady increase as the other milk components decrease. 

The percentages of calcium, magnesium, potassium, sodium, phosphorus 
and chlorine are shown in table 4. Calcium was determined by pennangano- 
metrie titration of the precipitated oxalate, magnesium by thiosulfate titra¬ 
tion after precipitation with 8-hydroxyquincline and bromination of the 
precipitate, potassium by pcrmanganometric titration of the precipitated, 
potassium sodium cobaltinitrite, sodium by immyl zinc acetate precipitation 
after removal of orthophosphate with solid zinc carbonate, phosphorus by 
alkali titration of the precipitated ammonium pliosphomolybdate and chlo¬ 
rine by a modified Volhard titration. 

TABLE 4 

Mineral composition of colostrum 


Time after 
calving 

Calcium 

Magnesium 

Potassium 

Sodium 

Phosphorus 

Ohlorin 


per cent. 

per cent 

per cent 

per cen t 

percent 

per c< n 

Holstein 

At parturition. 

0.256 

0.037 

0.137 

0.074 

0.235 

0.138 

6 hours . 

0.196 

0.027 ' 

0.128 

0.061 

0.178 

0.118 

12 “ . 

0.154 

0.014 

0.132 

0.051 

0.146 

0.101 

38 “ . 

0.153 

0.012 

0.139 

0.048 

0.143 

0.098 

24 ‘ * 

0.150 

0.013 

0.145 

0.050 

0.137 

0.102 

30 ‘ ‘ . 

0.151 

0.012 

0.358 

0.050 

0.134 

0.303 

30 “ . 

0.150 

0.012 

0.154 

0.048 

0.131 

0.103 

44 “ . 

0.148 

0.013 

0.136 

0.049 

0.327 

0.098 

52 “ . 

0.154 

0.013 

0.352 

0.054 

0.125 

0.103 

60 ‘‘ . 

0.175 

0.034 ; 

0.170 

0.074 

0.335 ! 

0.105 

68 '‘ . 

0.153 

0.032 i 

0.151 

0.052 

0.125 

0.103 

76 “ . 

0.176 ; 

0.013 ; 

0.146 

0.065 

0.176 

0.099 

84 “ . 

0.167 ! 

0.012 ! 

0.174 

0.053 

0.131 

0.099 

11 days . 

0.130 

o.on ; 

0.153 

0.036 

0.113 



At parturition I 

6 hours . | 

12 “ . 

18 “ . 

24 “ . 

32 “ . 

40 “ . 

48 ' ‘ . 

56 “ . 

64 “ . 

72 “ . 

10 days. 


0.206 

0.034 

0.154 

0.032 

0.142 

0.019 

0.126 

0.013 

0.124 

0.013 

0.133 

0.013 

0.344 

0.014 

0.137 

0.014 

0.126 

0.012 

0.127 

0.014 

0.331 

0.015 

0.120 

: 0.011 


Aysliirc 


0.325 

0.079 

0.192 

0.122 

0.152 

0.050 

0.123 

0.117 

0.140 

0.072 

0.142 

0.121 

0.153 

0.068 

0.130 


0.154 

0.065 

0.129 

0.117 

0.178 

0.052 

0.132 

0.105 

0.181 

0.053 

0.150 

0.091 

0.171 

0.058 

0.137 

0.100 

0.149 

0.054 

0.120 

0.102 

0.161 

0.052 

0.124 ] 

0.094 

0.163 

0.056 

0.125 

0.096 

0.152 

0.047 

0.110 

0.068 
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The percentages given in table 4 are for the various elements and not for 
the oxides of these elements. 

Calcium, magnesium, sodium, phosphorus and chlorine are all high at 
parturition and during the early hours of lactation but a rather rapid 
decline toward a fairly constant level soon sets in as the milk becomes normal. 
On the other hand, potassium is rather low at parturition but gradually 
increases toward a fairly constant level as the milk progresses toward 
normality. 
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THE USE OF SODIUM METAPHOSPIIATE FOR THE PREPARA¬ 
TION OF SOFT-CURD MILK 

rnARLES SCHWA RTZ,i K. K. JOKES ,2 T. W. MACKj and 11 W. VANCJEa 

INTRODUCTION 

That the physical character of the curd formed upon the ingestion of 
milk lias an influence upon its digestion is generally accepted (1). Ever 
since the description by Hill (2) of a quantitative method for measuring 
that property which is presumed to have most direct bearing upon the diges- 
tion rate, namely, the curd tension, an increasing amount of work has been 
done in an effort to arrive at an acceptable method of preparing soft-curd 
milk for human use. 

The most common methods of treating milk to this end are an outgrowth 
of the frequent necessity for using cow’s milk in infant feeding. In at¬ 
tempts to make this food more easily digestible, the addition of various sub¬ 
stances such as lime water and gelatin, together with the practice of heating 
and that of diluting with water, have been quite common. Most of these 
and similar methods are easily applicable, and there has as a result 
developed a profusion of “modified” milk formulae for use in the home. 

The demand for modified cow’s milk in the home has led in turn to a 
deeper interest in its commercial production. Originally, the only method 
of obtaining soft-curd milk on a relatively large scale was by sampling the 
milk from each cow of a herd and separating the milk of the soft-curd pro¬ 
ducers from that of those cows producing hard-eurd milk. The disadvan¬ 
tages of this method are obvious. There followed, however, in rather quick 
succession other methods by which a dairy might produce soft-curd milk in 
large quantities. Among these methods are homogenization (3), base- 
exchange treatment (4) and the use of intense sonic vibration (5). By the 
first, and last of these methods the curd tension is reduced to low values. 
By the second it is reduced to zero. All three methods have from a general 
point of view two drawbacks. First, they are not applicable in the home, 
where, after all, the requirement for soft-curd milk originates; second, when 
used in the dairy, an appreciable investment in equipment is required, and 
carefully controlled processing must be assured. A particular disadvantage 
of the first and last methods is that by their use the “cream-line” is elimi¬ 
nated. From a commercial point of view this may be undesirable. It is 
the purpose of this paper to report a new method for the treatment of milk 

Received for publication June 2, 1939. 
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by which milk of zero curd tension can be prepared easily and economically 
in either large or small quantities. 

The method to be described is, in principle, similar to the base-exchange 
method, in that the net result of the treatment is an apparent decrease in 
the calcion concentration of the milk. There is this distinction, however; in 
the base-exchange method there results an actual removal of calcium and 
phosphorus from the milk. In the method described herein the calcium is 
not removed, but remains in the milk and is probably bound within a com¬ 
plex ion formed by adding to the milk a small percentage of soluble sodium 
metaphosphate. 

The soluble sodium metaphosphate required for this process is commonly 
known as Graham's salt, and is a complex, glassy material of approximate 
composition (NaPO a ) fl , but of unknown constitution. It results from the 
fusion and rapid quenching of monosodium orthophosphate in accordance 
with the following reaction: 

n(NaH # PO*)-> (NaPO,)n + nH a O 

This glass is easily soluble in water to the extent of at least 70 per cent by 
weight. It has the property of reducing the calcion concentration of cal¬ 
cium-containing waters far below the level required for precipitation to 
occur with the usual precipitating agents. It is this property which has 
made metaphosphate of considerable value in many technological applica¬ 
tions (6, 7, 8), and which undoubtedly makes it possible to prepare with it 
a soft-curd milk. The mechanism of the reaction between calcium ion and 
glassy sodium metaphosphate is not thoroughly understood, but it is 
believed to be of the following type: 

(NaPOalu—* 2Na* + Na„ a (PO»),~ 
xCa’ + + Na n . 2 (PO a ) 1 r“-> 2xNa + \ Na„ c^Ca^PO,)*" 

PART i 

(a) The amount of me to phosphate required to soften milk, hath raw and 

pasteurized. 

Hill's method, as modified by Otting and Quilligan (9) was used for 
the determination of curd tension. The coagulating medium used by these 
investigators was an acid solution of pepsin. The calcium chloride used 
in Hill's coagulant was omitted. This omission of the calcium chloride is 
entirely reasonable, since, as pointed out by Miller (10), gastric juice con¬ 
tains very little calcium, roughly of the order of .01 per cent, and since 
further, the calcium chloride in Hill's coagulant retards curd formation and 
leads to results which are lower than those which are obtained upon coagu¬ 
lating milk with pepsin in hydrochloric acid. 

In order to determine the amount of metaphosphate required to soften 
milk, a given sample of milk was divided into several 100-ml. portions, and 
to each portion was added metaphosphate 3 in amounts varying from 27 to 
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70 mg. The curd tension of each portion was measured in accordance with 
the described technique, and the minimum amount of metaphosphate re¬ 
quired to give a milk with no curd was determined. The average amount 
of metaphosphate required to completely soften 22 different samples of raw 
and pasteurized milk was 41 mg. per hundred ml. of milk. There was no 
significant difference between the requirements for the two types of milk. 
The amounts necessary for each sample were determined to an accuracy of 
2 mg. In all of these determinations, the least amount required for com¬ 
plete softening was 30 mg. per hundred ml. of milk, and tlie greatest amount 
was 52 mg. per hundred ml. of milk. 

It is interesting to note that amounts of metaphosphate less than this 
yielded milk of zero curd tension as measured, hut there was visible a flaky 
precipitate throughout the mass of milk. The end]mint was therefore taken 
as that amount of metaphosphate which gave not only a milk of zero curd 
tension, but also milk with no visible flock of any sort. 



Fig. L Variation of card tension with addition of nietaphosphato. 

Figure 1 indicates for one specimen of milk the effect upon the curd 
tension of increasing amounts of met a phosphate. In general, the type of 
curve for each sample was similar to the figure shown, although the absolute 
values differed with each milk sample, due probably to differences in the 
composition of the milk. The results of this type of experiment indicate 
that the curd tension of milk may within limits be adjusted to any desired 
value between the original value and zero. For nutritional purposes this 
is not of importance. In certain commercials operations it may have con¬ 
siderable significance. 

3 The metaphosphate used in all of the work described in this paper was a medicinal 
grade sold wilder the trade name “Medi-Cnlgon,” and furnished by Calgon, Inc., Pitts¬ 
burgh, Pa. 
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(b) The amount of metaphosphate required to soften milk with added 

calcium . 

Following the determination of the minimal amount of metaphosphate 
required to soften milk, a series of experiments was performed, designed 
to determine the amount of metaphosphate required to soften milk to which 
calcium in the form of calcium nitrate or calcium chloride had been added. 
Data of this type might be valuable as an indication of the possibility of 
increasing the calcium content of milk, where for therapeutic reasons such 
increase is considered advisable. In order to determine this, solutions of 
one or the other of the above-mentioned salts were added to milk so as to 


TABLE 1 

Amount of sodium metaphosphate required to soften completely mill■ 
to which calcium was added 


Calcium added 
mg./lOO ml. 
of milk 

! Meta phosphate 

I required mg./100 '! 

| ml. of milk 

Calcium added 
mg./lOO ml. 
of milk 

Metaphosphate 
required mg./100 
ml. of milk 

0. 

: 41 ;i 

130. 

GOO 

5. 

00 

140 . 

700 

10. 

79 

150 

748 

15 . 

95 

100 

800 

20 . 

120 

170 . 

770 

25. 

140 

175 . 

900 

30. 

160 

180. 

1000 

40 . 

210 

190 

950 

50 

i 239 

200 .| 

1025 

00 . 

i 280 

210 .. j 

.1100 

70. 

1 330 

220 . . 1 

3150 

75 . 

i 360 | 

°°5 J 

1200 

80 . 

400 , 

230 . .. j 

1200 

85 

400 ; 

240 . ; 

1200 

90 . 

430 

250 .. ! 

1205 

ioo .i 

47S 

280 . i 

1350 

110 ; 

500 

300 . . : 

3400 

120 .I 

500 

350 . ... j 

3550 

125. j 

020 

450 .| 

2200 


yield additional calcium varying in amount from 5 mg. to 450 mg. per 
hundred ml. of milk. The least amount of metaphosphate necessary for 
ghing milk which formed no curd upon treatment with the coagulant was 
then determined. When the amount of added calcium was between 5 and 
10 rag., the metaphosphate requirement was determined to within 2 mg. 
When the calcium added was between 10 and 20 mg., the metaphosphate 
additions were varied in steps of 3 mg. When the calcium added was be¬ 
tween 20 and 25 mg., the metaphosphate requirement was determined to an 
accuracy of 5 mg. For every 20 mg. increase in added calcium above this 
amount, the difference between successive additions of metaphosphate was 
5 greater. The results are shown in table 1. 
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Figure 2 shows the relation between the added calcium and the metaphos- 
phate required for preventing curd formation. Each point is an average 
of the values found, and resulted from determinations ranging in number 
from one to fourteen for each value of added calcium. The relation be¬ 
tween added calcium and required metaphosphate is, within the limits of 
accuracy of the experimental procedure, linear. The amount of metaphos¬ 
phate required to soften milk with added calcium is about 4.8 times as much 
met a phosphate as calcium, plus an amount of metaphosphate such as will 
soften the milk itself. 



(c) The effect upon the curd tension of adding calcium to metaphosphatv- 

softened milk . 

Figure 3 indicates the effect upon the curd tension of milk softened 
with metaphosphate to which additional calcium is added, without increase 
in the amount of metaphosphate. The drop in the curd tension occurring 
with the higher values of calcium may be due to the calcium effect men¬ 
tioned by Miller (10). 
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Fid. 3. Curd tension of milk treated with 50 mg. metaphosphate/100 ml. to which 
calcium is subsequently added. 
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(d) The effect of time of contact between coagulant und metaphosphate - 

softened milk. 

In accordance with the method described herein for determining curd 
tension, the milk is permitted to remain in contact with the coagulant for a 
period of 10 minutes before the measurement is made. It was considered 
advisable to make determinations also with longer times of contact between 
milk and coagulant, since in the stomach the milk is subject to the action of 
the gastric secretions for a time considerably longer than 10 minutes. Sev¬ 
eral 100-nil. portions of milk were treated with 50-mg. portions of meta¬ 
phosphate and mixed with the pepsin-hydrochloric acid solution. The 
bottles containing the mixture were kept at 35° C. (95° F.) and curd ten¬ 
sion measurements made at intervals. Typical results are shown in table 2. 


TABLE 2 

Effect of time of contact with coagulant upon curd tension 
of met aphostphaie-soft cried milk 


Time of contact between 
milk and coagulant 


Curd teiifdon 


10 minutes 
2 hours 
4 “ 

7 “ 

24 “ 


0 

0 

15 - 20 
no 
70 


It may be seen that under tlie conditions of this experiment milk treated 
with metaphosphate has no curd tension for 1-2 hours, and for the follow¬ 
ing two hours may still be considered soft-curd milk, whereas with 7 hours 
of contact between milk and coagulant the milk has a considerably higher 
curd tension. Since milk will not normally remain in the stomach for much 
longer than 4 hours, it might be assumed that in most cases at least, milk 
treated with metaphosphate will remain relatively soft for that length of 
time. 

(e) The effect of heat upon metaphosphatt -treated milk. 

In order to determine the effect of heat such as might take place in the 
home during the preparation of a milk formula, or in the dairy during 
pasteurization, metaphosphate-treated milk was subjected to heating for 
various temperatures and various times. Samples of milk were treated 
with 50 and 75 mg. of metaphosphate/100 ml. of milk and divided into two 
parts. One portion was heated to 60° C. (140°F.) and kept at that tem¬ 
perature for 30 minutes. Another portion was heated to 71° C. (160° F.) 
for one minute. Both samples were heated in water baths and subsequently 
cooled by shaking the containers in ice water, and placed in the refrigerator. 
Immediately after cooling, curd tension tests were run on each sample, and 






TABLE 3 

Cvrd tension of milk treated with vutaphosphati and heated 
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periodically thereafter, additional determinations were made. The results 
are shown in table 3. 

As can be seen from the data, heating has in part nullified the addition 
of metaphosphate when such addition comprised only 50 mg./lOO ml. of 
milk. Whether these results are due to an alteration in the state of the 
milk constituents themselves, or whether the heating has caused partial re¬ 
version of the metaphosphate to orthophosphate is not known. It seems 
likely, however, that both factors are involved, since the milk treated with 
75 mg. of metaphosphate remained soft for the duration of the experiment, 
while that treated with the lesser amount was initially soft, then exhibited 
a moderate curd tension which disappeared upon further standing. The 
fact that 75 mg./lOO ml. of milk was sufficient for complete softening while 
50 mg. was not, leads one to believe that reversion has taken place during 
the heating process. The peculiar behavior of the curd tension of the milk 
treated with only 50 mg. of metaphosphate/100 ml. of milk might indicate 
a rearrangement of the milk constituents. 

Parenthetically it may be stated that samples of milk treated with this 
amount of metaphosphate and even higher amounts (up to 250 mg. per 
hundred ml. of milk) were submitted to about GO different persons for tast¬ 
ing. No one was able consistently to detect any alteration in the taste or 
the appearance of the milk. 

(f) In vitro digestion experiments 

Following this work it was thought desirable to conduct some experi¬ 
ments in vitro to obtain an approximate comparison between the digestion 
rate of untreated milk and that of metaphosphate-trented milk. The method 
used was that described by Doan and Welch (11), and the milk throughout 
was treated with 100 mg. of metaphosphate per hundred ml. of milk. The 
average results are indicated in table 4 and figure 4. 


TABLE 4 

Digestion rate, in vitro , of m e t a phosphate -1 rented and untreated milk 


Metaplioapliate-treated milk 

Untreated milk 

Time 

pH, 

VJI* 

pH, 

PB r, 

pH, 

pH, 

pH, 

pH, 

pn. 

pH, 

0 

... 74% 

85% 

56% 

66 % 

88 % 

40% 

39% 

34% 

26% 

24% 

i hr. 

.... 79 

87 

63 

68 

87 

52 

51 

36 

30 

27 

1 “ ... 

.... 84 

88 

77 

68 

92 

55 

53 

41 

32 

28 

1 i “ - 

... 95 

88 

82 

72 

93 

65 

54 

44 

30 

28 

2 “ . 

. 95 

96 

85 

72 

92 

76 

58 

49 

34 

27 

“ . 

. 99 

95 

84 

73 

92 

83 

60 

48 

35 

30 


Although it is quite apparent that the digestion of metaphosphate- 
treated milk is consistently greater than that of untreated milk, it is con¬ 
ceded that the results of the experiments indicated are no real measure of 
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digestion as it occurs in the stomach. Nevertheless, it. is reasonable to 
assume that they are indicative at least of what may transpire upon the 
ingestion of xnetaphosphate-softcried milk. This is especially so in view of 
the now well-accepted theory that milk in a fluid state is acted upon more 
rapidly during the digestive processes than milk permitted to form the 
characteristic tough, rubbery eoagulurn. 



Fig. 4. Comparison of “in vitro” digestion rate of ordinary and metaphosphatc- 
trented milk. 

PART II 

Experiments, “in vivowith metaphosphatc-softcncd milk 
Since it is well realized that experiments “in vitro” are only an indica¬ 
tion and perhaps a not altogether acceptable one of what might be expected 
“in vivo,” experiments were conducted to determine the effect of the meta- 
phosphate-treated milk on the animal organism. This was considered neces¬ 
sary, since it is obvious that before this method may be used in the prepara¬ 
tion of milk for human consumption, it must be shown that milk treated 
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with metaphosphate is nontoxic ami free from deleterious effects upon the 
body. 

It has been shown elsewhere (12) that nietaphospliate can induce the 
symptoms of calcium removal from blood as it does from milk, and that if 
40 mg. or more per kilogram of body weight is injected into the blood 
stream there is a drop in blood pressure. Since this is many times the 
amount that would be ingested in even the largest consumption of the milk, 
treated milk would not be dangerous even if the nietaphospliate therein 
would immediately enter the circulation. However, it has been shown, also 
(12), that when calcium and metaphosphate mixed in vitro, and presumably 
in the form of a complex, is injected, there is no effect on blood pressure 
even when it is used in large amounts. This is the form in which the meta¬ 
phosphate probably exists in treated milk. 

An ounce of pure metaphosphate given by mouth to man has produced 
no further result than a laxative action characteristic of any saline ca¬ 
thartic. In the dog 50 grams were given by stomach tube with only a laxa¬ 
tive effect as the result. 

It remained to be proved, however, that the long continued ingestion of 
small amounts does not have a cumulative effect. In order to determine 
this several different experiments were performed. In the first experiment 
a litter of 6 rats, 18 days old, was placed on a milk diet supplemented 



Fw. 5. Growlh curves of rats. 


daily with a few drops of a solution containing vitamins A, D, E and iron 
citrate. To the diet of three of these rats, 22 mg. of sodium metaphos¬ 
phate was added to each 100 ml. of milk. The growth curve and the daily 
food intake were followed on these rats for three months. The growth 
curve is shown in figure 5. At 100 days on experiment, a litter of 9 young 
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was born to a pair fed the metaphosphatc-treateri milk. These were all 
weaned, showing that the diet was complete for both reproduction and lac¬ 
tation, one of the most exacting of requirements. 

At this time the adult rats were sacrificed and given a thorough macro¬ 
scopic and microscopic examination. Sections of liver, kidney, heart, 
spleen, stomach and intestines showed no difference between the rats led on 
normal milk and those* fed on metaphosphate-treated milk. 

Li a second experiment 10 adult rats were kept in individual metabolism 
rages and fed a stock diet containing 0.17 per cent of calcium on the dry 
basis. To the diet of 5 of these rats sodium metaphosphate was added 
to the extent of 1 20 of the weight of the food. These* rats maintained 
their weight and ate* readily, even though the ehemieal inge\sted amounted 
to 200 mg. per 100 grams of rat weight. After a period of three weeks the 
amount of metaphosphate was doubled to 1 10 of the diet. The amount of 
food eaten decreased and the amount of water consumed increased. There 
was a diarrhea in these rats for 9 days after the increase in the metaphos¬ 
phate, accompanied by a slight loss in weight. At the end of 9 days the 
rats returned to a normal condition, with a well formed stool. After (> 
weeks on this augmented diet, tlie rats were killed and autopsied. No dif¬ 
ference could he noted between the control and treated rats on macroscopic 
examination. Microscopic examination showed a questionable fragmenta¬ 
tion of tubular epithelium in the kidney. 


TABLE 5 

('ahuum no tnboUsm of rats on <tit is with and without no taphosphatr 


Vriti;try calcium 
(mg. daily) 


.Fecal calcium 
(mg. daily) 


I >ays 

: Without 

metapho.sphate 

With 

metaphosphnte 

Without 

metaphosphate , 

With 

metaphos|] 

( 1 ) 

0.5852 

0.4280 

_ 

_ 

(2 i 

0.3 US 

0.5825 

- 

- 

m 

O.204 1 

0.3400 

- 

~ 

(4) 

O.5905 

0.5280 

- 

... 

(5) ■ 

0.2112 

0.3748 

18.5 

3.03 

((>) ■ 

0.2280 

O.3405 

20.3 

3.03 

(7) . 
(8l-. 

0.2(524 

0.2477 

2(5.4 

3.04 

1.1105 

1.7094 

24.3 

1.47 

(0) 

J .2480 

Tontaminnted 

25.3 

3.(50 

(10) 

1.2840 

3.874(5 

19.3 

2.97 

(U). 

1.7380 

5.4797 

14.7 

2.1 (5 

(12) . . . 

1.8585 

5.4(5(5(5 

1(5.9 

2.34 

(13) 

1.7145 

5.78(55 

17.4 

2.10 


Average daily calcium ingested 
Average daily urinary calc,urn j K 

Average daily local calc,am j , ospll!ltc ... 

. . , . . .. i normal . 

Average net eale.tmi retention ] , m , t . 1} , lHlsph ., tc 


--.0 mg. 
1.0 mg. 
4.o mg. 
20.5 mg. 
3.0 mg. 
0.8 mg. 
15.4 mg. 
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Fecal and urinary calcium was followed on this experiment. These 
results are given in table 5. 

The results of these analyses indicate that the addition of the metaphos¬ 
phate definitely decreased the amount of calcium excreted in the feces and 
increased the amount excreted in the urine, hence increasing the amount 
of calcium absorbed from the intestine and the amount retained in the 
organism. As a check on this, a femur of each of these rats was analyzed 
for calcium to see whether any storage had occurred. The results of this 
analysis are shown in table 6. 

TABLE 0 
Femur calcium 

Control rats per 
cent Ca 

17.8 

18.7 

19.8 

10.1 

17.4 

Average 18.0 

Difference—3.3 per cent. 

These results show a slight but definite increase in the amount of cal¬ 
cium in the bones of the metaphosphate-fed rats. As compared to the 
control rats, the bones of the metaphosphate-fed rats contained about 18 
per cent more calcium than the bones of the controls. 

The effect of feeding nietaphopphate on calcium absorption was next 
tried on two dogs. The calcium in the food, the feces and urine of these 
dogs was determined. Each dog was ted eight days on a control diet con¬ 
sisting of one half can of dog food and one half pint of milk, twice a day. 
Then the dogs were kept on the same diet plus 100 mg. of sodium meta¬ 
phosphate per kilogram of body weight of the dog. With the addition of 
the metaphosphate there was an increase in the amount of urine excreted 
of 40 to 80 ml. per day, even though the fluid intake remained the same. 
Table 7 gives the results of this feeding test. 

On the control diet 44.6 mg. of food calcium was absorbed per day and 
20 mg. stored. When on the average 10 grams of sodium metapliosphate 
was given each dog, an average of 86 mg. of calcium was absorbed and 30 
mg. stored. This experiment therefore shows a definite increase in the 
absorption of calcium during the feeding of the metaphospliate, which in¬ 
crease amounts to about 91 per cent, and an increase in retention of about 
50 per cent. The number of experiments was small, however, which left 
the results open to question. 

In order to get more definite information on the absorption and storage 
of calcium the following experiment was devised. From a strain of rats 


Meta phosphate fed rats 
per cent Ca 

24.8 
20.5 
24.2 
J 7.8 

18.9 
21.8 
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TABLE 7 


Effect of metaphosphate on calcium metabolism in dogs 

Control 

Dfiys 

Calcium ingested 

j Fecal calcium 

Urinary calcium 


mg. 

mg. 

mg. 

i. 

300 

257.6 

25.52 

2 . 

300 

240.7 

23.00 

3 . 

200 

220.8 

22.70 

4 ... 

205 

270.2 

23.20 

r> . 

302 

261.6 

25.00 

6 

305 

254.3 

25.10 

f 

205 

250.0 

24.30 

8 

300 

263.2 

26.80 

Average 

208.4 

253.8 

24.68 


\veragc calcium absorbed 41.0 mg. per day. 



Average calcium stored 20 mg. per day. 



Metaphoi- 

pliato'fed 


1 >n vs 

Cab-ium ingested 

Fecal calcium 

i Urinary calcium 


mg. 

mg. 

mg. 

1 

305 

251.2 

! 36.4 

o 

300 

230.6 

37.0 

3 

205 

210.7 

45.1 

4 

302 

206.0 

70.2 

f *j 

208 

100.8 

64.4 

0 

300 

204.0 

63.6 

7 

300 

201.0 

1 65.7 

s 

300 

207.2 

65.2 

Average 

300 

213.0 

56.0 


Average calcium absorbed 86 nig. per day. 
Average calcium stored 30 mg. per day. 


highly inbred and homogeneous, male rats from the same litter were placed 
on comparative experiments and fed for the same length of time. The diets 
fed these litter mates daily were: 

(1) 50 ml. of milk alone. 

(2) 50 “ of milk + 75 mg. metaphosphatc/100 ml. milk. 

(3) 50 “ of milk 4 ■ 80 mg. iron (in form of ferric ammonium citrate)/ 

100 ml. milk. 

(4) 50 “ of milk + iron + metaphosphate in the same amounts as con¬ 

tained in (2) and (3). 

Since milk contains approximately 150 mg. of calcium for each 100 ml., 
it was not necessary to supplement further with calcium. As these rats 
consumed on the average 40 ml. of milk, they obtained 60 mg. of calcium per 
day. 

At regular intervals a rat from each group was killed. In preliminary 
tests it was found that the calcium and iron in the food residues of the 






32 


CHARLES SCHWARTZ ET AL. 


TABLE 8 


Analysis of rafs on diets with and without metaphosphate 



Total nvg. 
calcium in 
mg. per 
gram of 
weight 

Pro ha hie error 

Avg. total 
iron in mg./ 
gram of body 
weight 

Proha hie error 

Control . 

Sodium met a phos¬ 

| 8.34 

±0.198 

0.0/18 

± 0.0000 

phate 

Sodium met a phos¬ 

9.20 

± 0.320 

0.007 

i 

± 0.0023 

phate plus iron . 

8.20 

±0.271 

0.120 

± 0.0024 

Iron alone 

8.7 

± 0.20o 

1 0.097 

± 0.0024 


gastro-intestinal tract were sufficient to affect the results, even though the 
rats had been deprived of food before being killed; therefore, in the later 

TABLE 9 

Summary of arerayt daily weipht pain in prams per day 


Pay of feeding 

Control 

Meta- 

phosphate 

Meta* 

phosphate- 

iron 

iron 

3 . 

0.5 

-1.5(1 

-3.0 

- l.o 

5. 

l.o 

—0.75 

-0.5 

0.20 

7 

0 

-2.87* 

0.07 

0.14 

9 

-0.13 

3.25 

0.50 

l.o 

11 

-0.2 

1.00 

0.80 

- 0.55 

13 . 

-0.17 

1.07 

1.50 

1.15 

If) . 

-0.38 

3.93 

1.50 

2.9 

17 

1.88 

3.38 

2.43 

1.5 

19 . 

2.01 

2.83 

1.94 

3.1 

21 

1.35 

2.15 

1.78 

1.71 

23 . 

2.30 

2.09 

2.3(5 

2.0 

25 . 

2.25 

2.08 

1.80 

1.70 

27 . 

0.7 

2.23 

3.7*1 

1.80 

29 . 

0.18 

1.08 

1.25 

1.41 

31 ... 

2.03 

2.27 

1.97 

1 1.90 

33 . 

L88 

0.13 

3.73 

1.82 

35 . | 

3.05 

3.94 

2.10 

1.50 

37 . | 

1.72 

1.04 

| 3.04 

, 1.80 

59 . | 

0.18 

0.90 

! 1.31 

LOS 

41 . j 

2.00 

2.48 

2.32 

1.90 

43 . 

3.49 

1.94 

1.53 

3.44 

45 . l 

3.38 

0.50 

0.91 

J .3 3 

47 . : 

3.09 

1.57 

3.70 

i 3.70 

49 . 1 

1.38 

1.44 

1.32 

j 1.55 

51 . f 

53 . I 

55 ■■.I 

;>/ . 

1.90 ! 

1.75 ; 

2.10 

2.34 

2.00 

1.58 i 

2.32 

2.32 

3.41 

1.87 

2.32 

3.38 

i 0.90 

j 1.85 

1.94 

| 2.14 

59 . 

! 1.52 

3.73 

3.88 

! 1.49 

61 . 

3.81 

1.84 

2.01 

j 1.40 

03 . 

1.3 

3.52 

1.24 

1.30 

05 . 

1.54 

2.08 

2.25 

1.40 

07 .i 

1.08 

3.23 

- 

1 1.04 

l 

Average for series .... ] 

1.27 + 0.09 j 

1.40 ± 0.12 

1.54 + 0.09 

| 1.41 + 0.09 


The minus (-) sign indicates a loss in weight. 

* Greater loss than a large series fed on this diet seven days would indicate. 
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tests the digestive tract, below the esophagus was carefully removed. "Fol¬ 
lowing tliis the carcass was weighed and ashed. 

On account of the relatively large amount of fat in the rat body, the 
ashing had to be carried out very carefully to avoid loss. This was done in 
large quartz dishes over a low flame at first, and later in an electrically 
heated muffle furnace. When the rat was completely ashed the residue‘was 
dissolved in IIOl and the solution brought to a known volume so that ali¬ 
quots could be drawn for analysis of calcium and iron. 

In this experiment 132 rats were used, 33 in each series. The first four 
rats were killed three days after the experiment started, and the last four, 
after feeding (u days. The results of this experiment are summarized in 
table 8. 

From these results it is evident that the storage of calcium was not, in 
these experiments, affected to any marked degree by the addition of the 
inetaphosphate. Iron, on the other hand, was stored to a greater extent 

TALL ft la 

Sum mar if of calcium shnaijt in mis in (finis of m<h/(fn\. of rat lualif m oiUt 


of feeding 

Control 

Mcta- 

pliosphnte 

phosphatc- 

iron 

Iron 

5 

14.5,1 

14.98 

14.85 

18.95 

i 

15.K 

12.9 

11.2 

11.82 

0 

IS.5 

8.07 

9.21 

1S.93 

n 

•1.6 

10.09 

{>.47 

11.7 

.13 

1 8.2 

1.1.3 

8.7 

J1.93 

i r, 

•j;u 

10.22 

{>.05 

8.9 

17 

1 1.00 

15.18 

12.39 

13.02 

10 

8.16 

10.4 

7.9 

8.52 

21 

10.5 

12.12 

9.46 

9.06 

23 

9..16 

10.3 

8.87 

8.23 

25 

9.31 

8.2 

9.64 

9.76 

-7 

11.05 

8.14 

10.5 

8.95 

29 

7.74 

8.62 

10.9 

9.33 

:u 

9.05 

9.11 

9.8 

9.68 

3.1 

1>.S0 

! 12.79 

8.97 

8.5 

35 

6.55 

6.80 

7.87 

8.53 

37 i 

9.25 

13.03 

8.61 

12 

39 . . i 

9.34 

{>.48 

30.9 

10.92 

41 i 

7.49 i 

7.64 

7.92 

8.02 

4.1 ... - 

7.81 

10.13 

9.24 

8.9 

45. 

10.02 

16.6 

11.85 

9.84 

47 . 

8.9.1 

9.85 

8.23 

8.27 

40 

9.20 

10.09 

8.40 

7.85 

51 ! 

6.19 j 

6.18 

5.97 

7.28 

5.1 

7.86 

6.78 

i 6.S 

8.82 

55 . 

6.24 

6.80 

6.16 

6.73 

57 . 

6.12 

6.81 

5.98 

6.22 

59 . 

7.25 

7.18 

'■ 6.79 

7.82 

61 . 

6.39 

6.20 

5.52 i 

7.42 

63 . 

7.29 

7.16 

1 8.10 

7.54 

65 .. 

i 6.97 

6.05 

5.42 ; 

7.26 

67 . 

8.10 

8.32 

; - ; 

8.17 
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when the metaphosphate was added. It is possible that in the milk-fed rats 
the calcium absorbed was more than adequate for the demands of growth 
while the iron on the milk diet was not. The rats, however, gained 0.13 
gram more per day on the metaphosphate addition than they did on the 
control diet, as shown in table 9. A summary of the calcium storage in 
these rats appears in table 10, that of iron storage in table 11. 

TABLE 11 


Summary of iron storage in rats in t<rm$ of mg. Fe/gm , body weight 


Pay of feeding 

i 

! Control 

j Meta* 

! phosphate 

Meta- 

phosphate* 

iron 

Iron 


1 0.060 

■ 0.101 

0.049 

0.006 


0.055 

0.064 

0.085 

0.08 


0.09# 

0.074 

0.098 

0.116 

9 

0.060 

0.034 

0.074 

0.068 

11 . 

0.059 

0.052 

0.055 

0.051 

13*. 

0.093 

0.05# 

0.155 

0.073 

15 

0.072 

0.057 

0.061 

0.108 

17. 

0.049 

0.053 

0.093 

0.063 

19 .... 

0.035 

0.039 

0.104 

0.075 

21 

.... j 0.044 

0.055 

0.090 

0.075 

23 . 

. ! 0.058 

, 0.048 

0.092 

0.076 

25. 

. i 0.051 

i 0.050 

0.098 

0.097 

27. 

. : 0.053 

0.054 

0.120 

0.085 

29. 

. i 0.08# 

0.069 

0.093 

0.103 

31. 

0.066 

1 0.072 

0.111 

0.092 

33 . 

0.041 

0.105 

| 0.090 

0.07# 

35** 

0.056 

0.071 

0.095 

0.101 

37. 

0.079 

0 079 

0.118 

0.084 

39. 

. | 0.063 , 

i 0.058 

0.101 

0.134 

41. 

.... i 0.045 

0.057 ! 

0.0907 

0.091 

43 . 

.... 0.064 

' 0.089 

0.122 

0.109 

45 . 

. 1 0.086 

0.114 

0.142 

0.133 

47. 

0.073 

; 0.087 J 

0.093 

0.094 

49 

0.060 

0.094 

0.105 

0.102 

51 . 

.. .. ! 0.0423 

0.0432 : 

0.0881 

0.1069 

53 

0.0479 

> 0.766 j 

0.0931 

0.1278 

55 . 

0.0362 

! 0.0366 

0.0673 

0.075 

57 

. i 0.0596 

: 0.0606 1 

0.118 

0.101 

59 . 

. j 0.0538 

I 0.0915 

0.1204 

0.1288 

61 . 

. | 0.0356 

0.0506 

0.0958 

0.1213 

63 . 

. [ 0.0576 

i 0.0523 ! 

0.0995 

0.0975 

65 . 

.... 0.0503 

j 0.0621 

0.1155 

0.1198 

67 . 

. I 0.0509 

! 0.0550 j 

. 

0.0645 


* Rats fed 13-67 days inclusive had the gastro intestinal tract removed before ashing. 

** All rats of 35-67 day feeding inclusive were run using litter mates for an entire 
series. 

SUMMARY 

1. Sodium metaphosphate when added to milk in an average ratio of 
approximately 41 mg, to 100 ml, prevents the formation of a curd when the 
milk is treated with a pepsin-hydrochloric acid coagulant. For the milk 
samples used the metaphosphate required to prevent curd formation varied 
from 30 to 52 mg./100 ml. of milk. 
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2. When metaphosphate is added to milk before heating, the amount 
should be increased to 75 mg. per 100 ml. of milk. 

3. Additional calcium may be added to milk, and zero curd tension main¬ 
tained by adding inetaphosphate. 

4. In vitro experiments indicate that metaphosphate-treated milk is 
more easily digested than untreated milk. 

5. Sodium metaphosphate is nontoxic in the doses used. When added 
to milk it seems to form a soluble complex with calcium that may be 
absorbed and utilized by Ihe body. 

6. The addition of sodium metaphosphate to a diet decreases the cal¬ 
cium excreted in the feces and increases the calcium excreted in the urine. 

7. Sodium metaphosphate increases iron absorption from an iron-con¬ 
taining milk diet. 

8. Sodium inetaphosphate appears to be a safe, simple and economical 
means of preparing soft-curd milk either in the home or in the dairy. In 
contrast to the other methods available, tins treatment requires no addi¬ 
tional equipment and very little additional labor. 
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THE RELATIONSHIP BETWEEN THE COOKED FLAVOR AND 
PEROXIDASE REACTIONS IN MILK, SKIMMILK 
AND CREAM* 

1. A. GOULD 
Department. of Dairy in ff 
Michigan State College 

INTRODUCTION 

Probably the most common method of determining whether or not a reac¬ 
tion is enzymic is to ascertain if the reaction, or the material responsible for 
the reaction, is adversely affected by heat. In fact, the definition of an 
enzyme is based partly on the enzyme’s heat lability. Consequently, it is 
the usual practice to determine if a particular reaction will proceed when 
the material under question has been subjected to high temperatures. If it 
fails to proceed following the heat treatment, the original reaction is said, 
often erroneously, to be due to an enzyme. Such a practice may lead to 
inaccurate conclusions, especially in biological solutions, since the heat treat¬ 
ment will affect the constituents of the biological system itself, and the 
results of this effect may in itself be responsible for the change in reaction 
noted. 

In another ^tiidv, the author (3) observed that when milk was heated 
sufficiently high to cause a cooked flavor, there occurred a simultaneous 
lowering of the oxidation-reduction potential. Both of these changes were 
found to be related to the liberation of hydrogen sulfide or to changes which 
occurred simultaneously with Hie liberation. During this study, other ob¬ 
servations indicated a possible close relationship between the temperature at 
which the enzyme peroxidase was inactivated and the temperature at which 
these other changes occurred. Consequently, a further study was conducted 
to determine if such a relationship existed and, if so, if these changes which 
were found to occur in heated milk might themselves be responsible for the 
results secured by the use of the commonly used peroxidase reagents. 

Inference has been made that the peroxidase reaction may be influenced 
by oxidation-reduction changes which may cause condensation of the true 
meriquinone to that of some other product (1). In addition, - SH groups 
and hydrogen sulfide are reported to have interfered with peroxidase reac¬ 
tions (2) (9), and it lias been further suggested that the peroxidase is per¬ 
haps involved in oxidation-reduction systems in which the - SH linkages play 
a part (6). 

Received for publication June 0, 1931b 
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EXPERIMENTAL 

Procedure: Mixed-herd milk was heated in four-liter quantities in a 
round bottom flask suspended in a boiling water bath. An electrically 
driven glass-rod agitator stirred the milk during the heating period. The 
rate of heating was regulated so that 15-17 minutes were required to 
increase the temperature of the milk to approximately 80° C. 

Samples were secured in glass sample jars at desired temperatures by 
means of a glass tube siphon. The samples were immediately cooled by 
placing the jars in cold water. 

When the milk was cooled to approximately room temperature, flavor 
examinations were made. The milk was examined only for a “cooked” 
flavor, which has been found to occur abruptly at rather high temperatures 
and is to be distinguished from the “pasteurized” or “heated” flavor of 
milk w r hieh appears at lower temperatures. Oxidation-reduction potentials 
of the samples were also determined (3), but only the cooked flavor results 
are considered in this paper. 

Peroxidase determinations were made by use of the Storch test and the 
Arnold (guaiac) test, according to the recommendations of the International 
Association of Milk Dealers (7). Strictly, the Storch test as outlined iu the 
I.A.M.D. Manual is modified slightly from the original method iu that it 
specifies p-phenylenediamine hydrochloride instead of p-phenylenetliamine. 
Therefore, in this paper the test is referred to as the modified Storch test. 
Comparative tests in which those two reagents were used in normal milk 
indicated no appreciable difference in their reactions. The use of the Storch 
test seemed particularly desirable inasmuch as p-phenyienediamine appears 
to be somewhat more sensitive and more constant than other peroxidase 
reagents (4, 8, 9). 

The modified Storch test was conducted using a 0.2 per cent solution of 
hydrogen peroxide, and a 2 per cent aqueous solution of paraplienylenedi- 
amine’ hydrochloride. Two drops of each of these to 10 ml. of milk, the milk 
being shaken after each addition, produces a blue color in milk containing 
active peroxidase. 

The Arnold or guaiac test consists of the addition of two drops of hydro¬ 
gen peroxide and eight drops of a 10 per cent tincture of guaiac to 10 ml. 
of the milk. A blue color band appears at the junction of the two liquids if 
peroxidase is. present. 

Results: The close correlation between the cooked flavor, oxidation-reduc¬ 
tion potential lowering, and hydrogen sulfide liberation permits any or all 
of these changes to be considered in connection with peroxidase inactivation. 
However, for convenience, the cooked flavor findings were used in this 
comparison. 

The results secured in four trials when whole milk was heated for 
momentary periods at various temperatures are presented in table 1. They 
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TABLE 1 


The relationship between changes in the peroxidase reactions and the appearance of 
cooked flavor when milk is heated for momentary periods .* 


Temperature of 
Heating (°0) 

Test 

Trial No. 

1 

2 

3 

4. 

— 

Storch 

+ 

+ 

+ 

+ 

Haw 

Guaiac 

4 

+ 

4- 

4 


Flavor 

0 

0 

0 

0 


Storch 


+ 

+ 

+ 

72 

Guaiac 

4- 

4 

+ 

4' 


Flavor 

0 

0 

0 

0 


Storch 

4- 

4 

+ 

+ 

74 

Guaiac 

4- 

+ 

+ 

T 


Flavor 

0 

0 

ft 

? 


Storch 

+ 

? 

f 

ft 

7 0 ; 

Guaiac 

0 

ft 

ft 

' 0 


Flavor 

-f 

t- 

0 

; - 4 


Storch 

0 

0 

ft 

0 

7# 

Guaiac 

0 

0 

0 

0 


Flavor 

4 i i- 

4 + 

r 

+ + 


j Storch 

0 

ft 

0 

0 

80 

I Guaiac 

0 

0 

0 

0 


Flavor 

+ 4-4- 

; 4 4 

+ 

: 44 4 


* Key: Intensity of cooked flavor designated by number of 4 signs. For the peroxi¬ 
dase tests + represents positive peroxidase reaction, ? represents a questionable reaction, 
and 0 represents no reaction. 


indicate a surprisingly close relationship between the temperatures causing 
the cooked flavor to appear and those bringing about inactivation of peroxi- 
dase as indicated by the Storch or guaiac test. The temperature range of 
76-78° C. was sufficient to cause the definite appearance of a cooked flavor 
and also to bring about a definite change in the color reactions of the 
reagents. 

Milk heated to temperatures lower than 76° C. produced color upon the 
addition of either the p-phenyleuediamine-HCl or guaiac reagents, and in 
none of these samples was the cooked flavor definitely observed, although one 
sample heated to 74° C. was scored “questionable” in this regard. When 
the milk had been heated to 7C° C., three of the trials were criticized for a 
cooked flavor, all four of the samples failed to react to the guaiac test, and 
three of them gave indications of showing no reaction upon addition of the 
Storch reagent. In this connection, two of the samples tested with the 
p-phenylenediamine hydrochloride reagent were graded questionable inas¬ 
much as a eolor change was produced somewhat slowly, approximately 30 
seconds being required after addition of the reagent. In addition, the color 
change was less distinct than in those samples heated to lower temperatures. 

When the temperature of heating reached 78° C. all of the four trials 
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gave negative peroxidase tests and definite cooked flavors. Higher tempera¬ 
tures produced similar changes. 

Several trials were conducted in which the milk was held for 30-minute 
periods at various temperatures. The results of four of the trials are shown 
in table 2. 

TABLE 2 

The relationship between changes in the peroxidase reaction and the appearance of 
the cooled flavor when milk is heated for 30-minute periods .* 


Temperature 
of heating 

(°c.) 

Test 


Trial No. 




2 j 

3 

4 


Storch 

4 

4 

-4 

■4 

Raw 

Guaiac 

! -1- 

4 


4 


Flavor 

i o 

0 

0 

0 


Storch 

; 4 - 

4 

4 

+ 

70 

Guaiac 

4 

4 - 

4 - 

+ 


Flavor 

0 

? 

4 

0 


Storch 

! 0 

« 

4 

1 0 

1 - 1 i 

Guaiac 

0 

0 

0 ; 

0 

I 

i 

Flavor 

4 

4 

41 

j . r 

i 

! 

Storch 

i 0 

0 

0 

1 0 

74 | 

Guaiac 

0 

0 

0 

; 0 


Flavor 

+ 4 - 

4-4 

44 

! 4 

I 


Storch 

0 

0 

0 1 

1 

0 

7<> 

Guaiac 

' o 

0 

0 

0 


Flavor 

; 444 - 

44 

4 -* 4 

4 <• 


* Key: Intenwty of cooked flavor designated by number of 4 signs. For the peroxi¬ 
dase tests, + represents positive peroxidase reaction, f represents a questionable reaction, 
and 0 represents no reaction. 

Examination of these data shows again, in general, a rather close corre¬ 
lation between the appearance of the cooked flavor and negative peroxidase 
reactions. The peroxidase tests give positive reactions in raw milk and in 
the milk heated to 70° C, for 30 minutes. One sample of milk was criticized 
as being “cooked” when heated to 70° C. and another was graded “ques¬ 
tionable” as to flavor. However, when the milk had been heated to 72° 0. 
for 30 minutes, all of the samples possessed a cooked flavor, all of them 
failed to react to the guaiac reagent and two of them failed to react upon 
the addition of the p-phenvlenediamine hydrochloride. Finally a tempera¬ 
ture of 74° C. produced stronger cooked flavors in the milk and the peroxi¬ 
dase tests showed negative results in every case. Again, as was observed 
in the momentary heating trials, the guaiac test gave negative results at 
slightly lower temperatures than did the p-phenylenediamine hydrochloride 
and showed better correlation with the flavor changes. However, the differ¬ 
ence between the two reagents was slight. 

The results presented in tables 1 and 2 would suggest the possibility that 
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the reducing system created when milk is heated to 76-78° C. is responsible 
for the failure of the peroxidase reagents to become oxidized. However, if 
such is true, then similar relationships between the cooked flavor and nega¬ 
tive peroxidase reactions should be indicated by skimmilk and cream. For 
example, since skimmilk exhibits a cooked flavor at temperatures somewhat 
above those required for similar changes in milk, and since cream, on the 
other hand, exhibits this flavor change at lower temperatures (3), the use of 
these two products may serve as a means of proving or disproving the rela¬ 
tionship indicated by the milk studies. 

Several trials were conducted in which skimmilk and cream were heated 
to various temperatures and the peroxidase tests determined upon the 
samples obtained. Two representative trials for each product are presented 
in table 3. 

TABLE :i 


The relatum betu'em chan (ten in the peroxidase reactions and the appearance of the 
cooked flavor when skimmilk and cream are healed for momentary periods * 


i 


Skimmilk 

('ream (50%) 

Vmporature 




.-.. 


of lieu ting 

Test 

Trial 

1 No. 

, Trial No. 


r<\) 



. - 

..— 

■ - 



1 | 

o 

1 

i! 


Storeli 

+ 1 - 

+ 

4 

Itfl IV 

Guuinc 

•* 

i- 

f 

4- 

1 

Flavor 

0 

0 

0 

0 


Storeli 

- 

- 

c 

- 

7<i 

(limine 

- 

— 

f 

■4- 


Flavor 

- 

- 


f 


Storeli 

’ 

- 

4- 

f 

-o ! 

Guaiac 

- 

- 

+ 

+ 

: 

Flavor 

i 

- 

+ f 

+ 


Storeli 

! 

-i. ! 

X 

4- 

4- 

74 : 

G twine 

-f 

r 

+ 

4- 

| 

Flavor 

0 

0 

-H- 

•H 

| 

Storeli 

\ 


+ 

0 

7b j 

Gu»ia c 

-+ 

♦ 

0 

0 

! 

Flavor 

0 

0 

+ t 

-H- 

! 

Storeh 

? 

0 

0 

0 

78 > 

Guaiac 

0 i 

I 0 

0 

0 

i 

Flavor 

f 

0 

; o 

+K 

++ 

| 

j 

Storeli ! 

0 

0 

0 

0 

80 j 

Guaiac j 

0 

0 

0 

0 

j 

Flavor | 

■f 

++ 

i -f-H- 

-H- 


* Key: Intensity of rooked flavor designated by number of + signs. For the peroxi¬ 
dase tests, + represents positive peroxidase reaction, ? represents a questionable reaction, 
11 represents no reaction. (- represents no sample.) 

These results show no apparent relationship between the temperature at 
which the cooked flavor occurs and those at which the peroxidase reagents 
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fail to react. In the skimmilk trials, the cooked flavor occurred at 80° C., 
whereas the peroxidase inactivation occurred within the temperature range 
of 76-78° C. Likewise, in the case of cream, although the cooked flavor 
occurred at 70-72° C., no appreciable influence was exerted on the point of 
peroxidase inactivation, viz., the peroxidase reaction gave negative results 
in cream heated to 76-78° C. These results show the peroxidase inaetiva- 
tion temperature to be unrelated to the temperature causing the cooked 
flavor in skimmilk and cream. 

In the earlier study (3) observations were made that sodium sulfite and 
glutathione, when added to milk in the proper concentrations, produced a 
flavor practically identical with the cooked flavor. Later investigations 
showed that ammonium sulfite produced a similar flavor. Trials were con¬ 
ducted, therefore, to determine if there was any correlation between changes 
in the peroxidase tests and this chemically produced “cooked” flavor. The 
sulfur compounds were added after the milk had been heated and cooled. 
The two sulfite salts (ammonium and sodium) were added at the rate of 0.5 
per cent of 0.05 M solution and the glutathione at the rate of 20 mg. per 
100 ml. of milk. Results of a representative trial are presented in table 4. 

The chemicals all produced a strong typically “cooked” flavor in the 


TABLE 4 

The influence of sulf ur compounds on the peroxidase reaction.* 


Temperature 
of heating 
<°C.) 

Test 

! 


Treatment of sample 


Control 

Sodium 

Sulfite 

Ammonium 

Sulfite 

Glutathione 


Storeh 

+44 

4 

+4 

4+ 

Haw 

Guaiac 

+4+ 

44 

+44 

444 


Flavor 

444- 

44+ 

444 

4+4 


Storeh 

++4 

4* 

44 

44 

72 

Guaiac 

4+4 

4+ 

4 44 

444 


Flavor 

+4+ 

44+ 

444 

+44 


Storeh 

44+ 

4 

+4 

44 

74 

Guaiac 

! 44+ 

4+ 

444 

! 444 


Flavor 

j +14 

+f4 

444 

j 444 


Storeh 

1 

1 44+ 

4 

! 4+ 

j +4 

76 

Guaiac 

! 44+ 

0 

[ 4+ 

I 44 


Flavor i 

44+ 

444 

444 

+4+ 


Storeh 

o | 

0 

0 

0 

78 

Guaiac 

0 ! 

0 

0 

0 


Flavor 

444 

444 

4+4 

+44 


Storeh 

0 

0 

0 

0 

80 

Guaiac 

0 j 

0 

0 

0 


Flavor 

444 

444 

44+ 

4+4 


# Samples heated for momentary periods. Intensity of color produced upon addition 
of the reagents and the intensity of the cooked flavor indicated by number of (4) signs. 
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milk. This artificially produced cooked flavor was pronounced even in the 
raw milk due to the relatively large quantities of the chemicals used. How¬ 
ever, no great influence was exerted upon the temperature at which the 
Storch and guaiae reagents gave negative results. The ammonium sulfite 
and glutathione gave results not greatly different from those secured from 
the control sample, both in regard to the temperature to which the milk had 
been heated as well as the intensity of the color produced in the milk upon 
the addition of the peroxidase reagents. However, the sodium sulfite often 
displayed a slight tendency to decrease the intensity of the color produced. 

In addition, the sulfite salts and the glutathione had no marked effect 
upon the oxidation-reduction potential (Eh) of the milk, although all of 
them showed a tendency to bring about a slightly lower potential. The 
averages of triplicate determinations are as follows: 


Sample 

Normal milk . 

Milk with sodium sulfite . 

Milk with ammonium sulfite . 
Milk with glutathione . 


Eh (volts) 

-4 0.3689 
1 0.3563 
+ 0.3648 
+ 0.3607 


Difference 
from normal 

-0.0126 

-0.0041 

-0.0082 


These results show a somewhat greater ability of the sodium sulfite to 
lower the potential than the other compounds used which may account for 
its greater ability to affect the color produced by the peroxidase reagents. 
However, in general, these sulfur compounds appear to be inefficient in 
lowering the Eh of milk as well as in affecting the peroxidase reagents. 

In addition to studying the effect of the sulfite salts and glutathione on 
the peroxidase reactions, trials were conducted in which samples of heated 
milk were subjected to treatment with hydrogen sulfide gas. This was 
accomplished by bubbling the gas for one minute through milk which had 
been heated throughout the range of 72-80° C. The milk which was so 
treated retained a pronounced hydrogen sulfide odor and flavor for several 
hours following the treatment, indicating that considerable quantities of the 
gas were retained at least temporarily by the milk. The peroxidase and Eh 
determinations were conducted within a few minutes following the exposure 
of the milk to the hydrogen sulfide. The purpose of this treatment was to 
ascertain the effect of this gas in rather large quantities upon the peroxidase 
reactions, with the view of perhaps showing the possible influence of the 
hydrogen sulfide which is liberated when milk is heated. 

The results of these hydrogen sulfide trials showed that the amount of 
gas retained by the milk was sufficient to prevent the peroxidase reagents 
from reacting. This was true not only in the heated milk but also in raw 
milk which had been subjected to the gas treatment. Further, the hydrogen 
sulfide markedly lowered the oxidation-reduction potential of the milk. For 
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example, in one trial the Eh of the untreated raw milk was + 0.3373 volts, 
whereas it was lowered to - 0.0238 by the addition of the hydrogen sulfide, 
a decrease of 0.3611 volts. The .results indicate that the hydrogen sulfide 
has marked ability to prevent the oxidation of the peroxidase reagents, and 
to lower the Eh of the milk. Itoemmele (9) has noted that hydrogen sulfide 
affects the peroxidase reaction. 


DISCUSSION 

When consideration is given to the methods and reagents used to deter¬ 
mine the presence or absence in milk of the enzyme, peroxidase, it may 
readily be seen why questions have been raised as to whether this enzyme is 
present, or whether these reagents actually indicate some other changes which 
occur when milk has been heated. The methods of determining the presence 
of peroxidase are based on the use of reagents which will change color when 
oxidized by the active oxygen freed from the hydrogen peroxide by the per¬ 
oxidase. Theoretically, at least, when the temperature treatment is suffi¬ 
ciently high, the reagents will not change color when added to the milk 
because of the inactivation of the peroxidase and its failure to break down 
the hydrogen peroxide. Therefore, it is not illogical to suggest a hypothesis 
that, since the change which these reagents undergo is an oxidation process, 
the failure of the reaction to proceed in heated milk may be due to the crea¬ 
tion of a reducing system, such a system preventing the oxidation of the test 
reagents. However, the findings secured in this study do not entirely hear 
out this hypothesis. 

The results with the whole milk show excellent correlation between the 
temperature at which the cooked flavor occurs and those at which the per¬ 
oxidase reagents fail to react. The correlation holds true both for the 
momentary and 30-minute heating periods, even though the holding period 
markedly lowered the temperatures necessary to create the changes tinder 
discussion. The lowering of the temperature required to prevent oxidation 
of the peroxidase reagents by increasing the period of heating is expected 
since it has been shown that the rate of peroxidase inactivation is dependent 
upon both temperature and time (5, 10). The cooked flavor temperature 
is similarly affected (3). 

The skimmilk results show no noticeable tendency for the peroxidase 
inactivation temperature to follow the temperature which brings about a 
cooked flavor. Higher temperatures were required to cause the cooked 
flavor to appear, yet the peroxidase inactivation occurred within the normal 
range of 76-78° C. 

The results secured with the cream also show no relationship between the 
temperatures causing the cooked flavor and those causing a negative reaction 
with the peroxidase reagents, and offer further contradictory evidence to 
those secured with the milk. These results must lead one to the conclusion, 
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at least for the present, that the correlations noted in the ease of the milk 
are mere coincidences, and are not entirely due to other changes involved 
when milk is heated. 

The results with the sulfite salts and glutathione indicate that the addi¬ 
tion to milk of certain sulfur compounds which arc capable of producing a 
“cooked” flavor, does not affect the peroxidase reagents and exerts little 
influence upon the oxidation-reduction potential of the milk. However, 
hydrogen sulfide, when present in sufficiently large quantities to cause a 
pronounced odor and flavor in the milk, markedly lowers the Eh of the milk 
and interferes with the reaction of the peroxidase reagents; a fact which 
indicates that the hydrogen sulfide formed in milk on heating should not be 
entirely neglected when consideration is given to tests involving oxidation 
reagents. 

One observation of note in regard to the hydrogen sulfide studies was 
that the flavor of the milk treated with the gas was not similar to the typical 
“ cooked M flavor, nor to that produced by the use of the sulfite salts and 
glutathione. This difference may he due entirely to the comparatively large 
amount of gas which was used. However, it appears more logical to assume 
that although the cooked flavor of milk may he correlated with sulfide liber¬ 
ation (3), the flavor may not be due to the hydrogen sulfide per sc, but may 
be due to unstable sulfur compounds which are formed immediately prior 
to, or simultaneously with, the hydrogen sulfide liberation. 

CONCLUSIONS 

A (‘lose relationship was observed between the temperatures at which the 
cooked flavor appears in milk and those at which peroxidase is inactivated as 
detected by p-phenvlenediamine hydrochloride and guaiac reagents. A simi¬ 
lar but less exact relationship occurred from skimmilk, whereas no correla¬ 
tion between the temperatures was found to exist in the case of cream. 

The addition of sufficient quantit ies of sodium and ammonium sulfite and 
glutathione to milk to produce an intense “cooked” flavor had no appreci¬ 
able effect upon the peroxidase reaction nor upon the oxidation-reduction 
potential of the milk. However, appreciable quantities of hydrogen sulfide 
greatly affected the oxidation of the peroxidase reagents and markedly 
lowered the oxidation-reduction potential of the milk. 
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SOME FACTORS AFFECTING CERTAIN MILK PROPERTIES. III. 

EFFECT OF ROUGHAGES ON ASCORBIC ACID* 

O. F. GARRETT, R. B. ARNOLD and G. II. HARTMAN 
New Jersey Agricultural Experiment Station, New Brunswick , N. J. 

The possibility that the natural ascorbic acid (vitamin C) of milk may 
be of greater significance in human nutrition (.1) than was once supposed and 
reports of its importance as a stabilizing factor in the preservation of good 
flavor in milk have caused an increased interest in the factors which affect 
the stability of this compound. 

Since ascorbic acid is quite readily oxidized, it is relatively unstable in 
natural solutions and generally becomes increasingly unstable if the natural 
solutions arc processed in any way. If mild conditions of oxidation prevail, 
the reaction produces dehydro-ascorbic acid which may be returned to the 
reduced (naturally-occurring) form under proper conditions. On the other 
hand, if vigorous conditions of reaction exist, the compound undergoes an 
irreversible oxidation in which the structure of the molecule is completely 
destroyed. 

Reducing or antioxidative reactions seem to have a stabilizing influence 
on ascorbic acid. Kellie and Zilva (2) found that aqueous extracts of liver, 
kidney, muscle, spleen, and large and small intestines inhibited the oxidation 
of ascorbic acid even when copper and iron were added. These natural sub¬ 
stances apparently contain antioxidants. Barron, De Meio, and Klemperer 
(3) reported that the addition of amino acids to solutions of ascorbic acid 
retarded the catalytic action of copper, and they believed the result was due 
to the formation of complex salts. It is quite possible that some of the amino 
acids which contain phenolic groups, such as tyrosine, may act as anti¬ 
oxidants. 

There occur in nature certain oxidation-reduction systems which seem to 
have a profound influence on various natural chemical reactions. Ascorbic 
acid, itself, forms one of these systems in which the other half of the system 
is the dehydro-form. Other similar systems which probably occur in milk are 
cystine-cysteine and glutathione-oxidized disulfide glutathione. Baur and 
Preis (4) discovered that cystine and cysteine inhibited the oxidation of 
ascorbic acid in buffer solution of pH 5.3 which contained copper. McFar- 
lane’s (5) findings substantiate those above for cystine and cysteine and a 
compound similar to these two in some respects, sodium diethyldithiocar- 
bamate, is added. Hopkins and Morgan (9) showed that glutathione pro¬ 
tects ascorbic acid from catalytic oxidation by copper. 

Received for publication June 15,1939. 
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No report could be found in the literature which directly pertained to 
the effect of the normal feed of the cow on the stability of ascorbic acid in 
milk. Whitnah, Riddell and Caulfield (1), however, fed each of 8 cows O.fi 
grams of copper daily and found that the stability of vitamin C (ascorbic 
acid) in the stored milk was significantly decreased. Brown et al (6, 7) 
found that the feeding of relatively large amounts of ascorbic acid in various 
forms tended to stabilize the milk against the development of oxidized flavor 
by copper catalysis without increasing the level of the compound in the milk. 
They did not indicate whether or not the stability of the ascorbic acid of the 
milk, while in storage, was affected. 

Trout and Gjessing (8) recently found that the rate of disappearance of 
ascorbic acid, calculated on the third day of titration, was greater in winter- 
produced than in summer-produced milk. This finding may point to a sig¬ 
nificant relation between the feed of the cow and stability of the ascorbic 
acid in her milk since winter and summer feeds vary so greatly. 

In experiments previously reported in this Journal, samples of milk 
taken from cows which were alternately fed beet pulp, corn silage and 
molasses grass silage as the chief roughage were measured for yellow color 
and scored for flavor at certain definite intervals of storage. At the same 
time the ascorbic acid content of each sample was determined by titration 
with 2,6-dichlorophenolindophenol. 

The data presented in table 1 show that the three types of roughage 
studied have little influence on the amount of ascorbic acid secreted in the 
milk. While the milk produced on grass silage shows a slightly larger aver¬ 
age amount than the milks produced by the other two roughages, the differ¬ 
ence does not appear to be highly significant. However, the milk produced 

TABLE 1 

Mean initial content of ascorbic acid of milk produced on different roughages 


Cow No. 

All samples 

Beet pulp 
samples 

Corn silage 
samples 

Grass silage 
samples 


milligrams 

milligrams 

milligrams 

milligrams 


per liter 

per liter 

per liter 

per liter 

92. 

20.31 

19.96 

19.76 

20.37 

129. 

22.29 

22.38 

21.90 

20.74 

164. 

17.54 

16.98 

18.26 

18.39 

179. 

20.53 

19.80 

20.36 

21.04 

226. 

22.36 

21.72 

22.70 

22.42 

284 .. 

18.49 

17.99 

17.74 

19.50 

422. 

19.29 

19.15 

19.05 

20.89 

431. 

19.11 

18.21 

25,86 

17.18 

20.28 

23.28 

17.20 

18,49 

26.90 

17.62 

465 . 

25.72 

471. | 

17.47 


18.10 

18.07 

16.72 

18.55 

247 . | 

17.47 

17.92 

16.40 

16.59 

Mean. | 

19.90 

19.60 

19.47 

20.15 


Number of samples analyzed in duplicate were as follows: All samples, 215 ; beet pulp 
samples, 96; com silage samples, 36; grass silage samples, 36. 
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on grass silage was slightly higher in ascorbic, acid than that produced on 
corn silage in 9 out of the 12 cases and higher than that produced on beet 
pulp in 10 out of the 12 cases. 

The percentages of loss of ascorbic acid during 5 days of storage as shown 
in table 2 indicate that stability of the compound varies considerably with 
individual cows. There seems to be no definite relationship between .the 
initial concentration of the ascorbic acid and the amount lost during storage. 

TABLE 2 

Loss of ascorbic acid iv raw mill' during five dags' storage 


Cow No. 

Initial ; 

concentration ' 

milligrams per 
liter 

Final 

concentration 

milligrams per 
liter 

Percentage 
of loss 

02 

20.31 

13.11 

35.30 

129 

22.29 

10.11 

27.22 

104 

17.54 

9.89 

43.19 

170 

20.55 

11.43 

44.14 

220 

22.30 

17.23 

22.78 

284 

18.49 

14.04 

23.40 

42‘* 

19.29 

13.07 

31.80 

43? 

19.11 

13.28 

29.97 

405 

25.72 

18.07 

27.48 

171 

17.47 

13.49 

22.55 

475 . 

18.10 

14.01 

1 22.01 

247 

17.47 

8.51 

50.83 


* Each value given in this column is tlu* mean of 18 cases. 

Tlie milks used in these studies were pasteurized in 2-liter Pyrcx glass 
flasks. They were protected from diffused sunlight and possible metal con¬ 
tamination at all times. (Senile and continuous rotary stirring was used 
while the samples were being heated and cooled. The data in table 3 show 
that when the above method is used pasteurization has only a slight influence 
on the loss of ascorbic acid in milk during storage. 


TABLE 3 

Loss of ascorbic acid in samples each of raw and paslcurhtd milk 
during o days of storage 


Mean initial concentration 
and probable error 


Mean loss 
and probable error 


Haw milk Pasteurized milk 


milligrams per liter 
19.90 + 0.14 


fiercest percent 

31.82 ±0.60 33.47 + 0.67 


A study of the data presented in table 4 reveals that the type of roughage 
in the diet of the cow influences the stability of the ascorbic acid in storage. 
The ascorbic acid in the milk, either raw or pasteurized, produced on grass 
silage showed the least loss during 5 days of storage while that of milk pro- 
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duced on beet pulp showed the greatest loss. Similar data, not presented 
here, bear out this finding for a 3-day-storage period. This result seems to 
be in line with the findings of Trout and Gjessing (8) mentioned earlier in 
this paper. 

TABLE 4 

Loss of ascorbic acid during 5 days of storage as influenced by type of roughage 


Typo of 
roughage 

Mean loss and probable orror 

Raw milk j 

Pasteurised milk 


per cent 

per cent 

Beet pulp . 

32.72 ± 0.93 

35.90 ±0.98 

Corn silage . 

30.72 ± 1.51 

29.82 ± 1.62 

Grass silage . 

27.56 ± 1.34 j 

27.17 ± 1.16 


N umber of samples analyzed: Beet pulp, 96; corn silage, 36; grass silage, 36. 


The percentages of loss for 5 days of storage of ascorbic acid in milks 
produced on the different roughages were segregated into class intervals in 
order to observe the distribution of losses. These data are presented in 
tables 5 and 6. 

TABLE 5 

Distribution of losses of ascorbic acid in raw milk as influenced by type of roughage 


Class 

< 

Percentage of cases in each class 

interval 

Beet pulp 

! Corn silage 


j Grass silage 

per cent 


1 


1 


0 -30.00 

2.08 

2.78 


I 


10.01-20.00 

11.46 

22.23 



25.00 

20.01-30.00 

34.37 

27.78 


j 

33.33 

30.01-40.00 

27.08 

! 27.78 



30.56 

40.01-50.00 

16.66 

! 13.89 

i 

I 

| 

5.56 

50.01-60.00 

4.17 

2.78 



5.56 

60.01-70.00 

: 2.08 

i 2.78 


! 

. 

70.01-80.00 

1.04 

i . 




80.01-90.00 

1.04 

1 

_ j 


. 


Number of samples analyzed: Beet pulp, 96; corn silage, 36; grass silage, 36. 


TABLE 6 

Distribution of losses of ascorbic acid in pasteurised milk as influenced by type of roughage 


Percentage of cases in each class 


interval 

Beet pulp 

Corn silage 

Grass silage 

per cent 

0 -30.00 


8.34 

5.56 

10.01-20.00 

11.48 

19.45 

19.44 

20.01-30.00 

30.21 

33.34 

33.34 

30.01-40.00 

21.88 

16.67 

30.55 

40.01-50.00 

18.75 

11.11 

11.11 

50.01-60.00 

11.46 | 

8.33 


60.01-70.00 

i 4.17 

2.78 


70.01-80.00 

2.08 




Number of samples analysed: Beet pulp, 96; corn silage, 36; grass silage, 36. 
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Figure 1 - Difttributton of lotue of Aftcorbie Acid in 
Paatourizcd Milk a* Infiuenc«d by 7> pe of Koughage 

SUMMARY 

The data presented in this paper indicate that: 

So far as the three types of roughage are concerned, none has a significant 
influence on the amount of ascorbic acid secreted into the milk. 

Factors associated with the individual cow have a marked influence on 
the stability of ascorbic acid while the milk is in storage. 

If milk is pasteurized so as to protect it from violent agitation, sunlight 
and metal contamination, the loss of ascorbic acid during storage is not 
significantly greater than that of the corresponding raw milk. 

The feeding of properly ensiled molasses grass silage has a greater stabil¬ 
izing effect on ascorbic acid of milks in storage than does corn silage or beet 
pulp. This conclusion is in line with the earlier findings that grass silage is 
superior to the other two roughages in producing milk with yellow color and 
good flavor. 
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A MODIFICATION OF THE RITTER TEST FOR COPPER 
IN BUTTER 1 

B. E. HORRALL and W. E. EPPLE 

pari me nt of Dairy Husbandry, Purdue Agricultural Experiment Station , 
Lafayette, Indiana 

It is generally known that dairy products contaminated with copper will 
develop specific off-flavors on aging or in storage. The more common flavor 
defects which have been observed are tallowy, iishv, metallic, oily, cappv or 
oxidized and rancid flavors. 

Copper, in the amounts found in butter or other dairy products, is not 
harmful from a nutritional standpoint, but will induce the production of 
off-flavors because of its catalytic and oxidative reactions. The copper in 
dairy products not only speeds up the production of these flavor defects, 
but also helps to destroy some vitamins; and it has been reported to inhibit 
the normal growth of the acid-producing bacteria, thus accelerating 
putrefaction. 

With these facts in mind an investigation was started to study the extent 
of copper in various dairy products. This article is a study of the copper 
content in Indiana butter. 

The importance of copper contamination in milk has been studied by a 
number of investigators. However, most of the investigational work re¬ 
ported by various workers of the effect of copper on the keeping qualities 
of butter has been done by the addition of definite amounts of copper. 
Very few results have been reported on the actual amount of copper con¬ 
tamination that takes place during the manufacture of butter. 

Rogers, ct. ah, (1) and llunziker (2) showed that very small amounts 
of copper were capable of producing changes in butter held in storage in 
that metallic and other related flavor defects developed. 

Davies (3) found that factory-made butter contained more copper than 
hand-made butter. His analysis of butter from New Zealand and Australia 
ranged from a trace to 3.7 p.p.m. and one sample of whey butter had 9.3 
p.p.m. copper. Ilis results show that butter having a high copper content 
was prone to have undesirable flavors. Williams (4) studying New Zealand 
butter found the normal content of superfine butter to contain 0.2 to 0.25 
p.p.m. of copper and that second grade butter was about the same; however, 
whey butter had a much higher copper content. 

Hitter (5) developed and modified the peroxidase-reaction test for the 
detection of copper iu butter or butter-oil by heating the emulsifying agent 
(milk not contaminated with copper) to 90° C. for one to three minutes to 
kill or inactivate the enzyme. To 10 ml. milk he added one to two grams of 

Received for publication June 16, 19B9. 
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butter. The reagents were added to this mixture and incubated at 45° C. 
He found that the greater the copper contamination of the butter, the less 
time it took to develop a blue color. 

EXPERIMENTAL 

During the past two and one-half years, we have been experimenting 
with several tests for the determination of copper in dairy products. The 
various tests investigated were found to be for milk and cream or liquid 
dairy products and consisted of long procedures. However, one was found, 
namely, the Ritter Test (5) which showed promise and was relatively 
simple. This test was tried on butter, but with variable results. From this 
investigation, a test has been devised that will determine copper contamin¬ 
ation in butter qualitatively. 

The following test which is a modification of the Ritter Test has been 
used this past year on Indiana butter in order to determine the extent of 
copper contamination. Our modification of this test consists in using a 10 
gram sample of butter as it comes from the print, tub or churn, thereby 
omitting the addition of milk (copper free). The test has been standardized 
for length of time for the development of the color in the water-curd portion 
of the sample. The following technique was used: 

About 10 grams of unmelted butter were placed in a test tube and one- 
half ml. of copper-free distilled water added. This mixture was heated at 
90° C. for five minutes to kill or inactivate the peroxidase. 

Solutions: 1), 0.2 gram para-amino-dimethyl-anilin sulfate was added to 
five ml. of copper-free water (^lass distilled) and heated to 90° C. for five 
minutes in the presence of one gram of bone black and then filtered. 
(Made fresh when needed.) 2), One per cent of alpha naphthol in alcohol. 
3), Hydrogen peroxide one per cent in glass distilled water. 

To the melted butter one drop of each of the above solutions was added, 
shaking after the addition of the first two. Then one drop of the hydrogen 
peroxide solution was added and shaken again. The separation of the curd 
and time the color began to appear was then observed. In the very positive 
copper samples, the purple color appeared almost at once, positive in about 
five minutes and traces in 10 to 15 minutes. We have found that if the 
color did not develop in 15 minutes, the sample of butter was negative in 
copper. 

In order to justify the test, it was compared with a quantitative deter¬ 
mination of copper in butter (6) (7). Table 1 shows the range of copper 
and the average in parts per million according to the classifications of the 
reading of the modified Ritter method. The negative, slight and positive 
classifications were used to designate the extent of copper contamination 
of the butter. There was some overlapping of the actual copper content as 
read by the qualitative test. However, on the average, the copper content 
increased as shown by these readings. 
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TABLE 1 


Comparison of the modified Hitter test and quantitative determination of copper 


No. of 
tests 

Modified j 

j Quantitative p.p.m. 

Ritter 

i 

Range 

Average 

52. 

Negative 

0.1 -0.08 

0.229 * 

65 . 

Slight 

0.19-0.54 

0.291 

41 . 

Positive 

0.32-2.33 ’ 

0.583 


In the course of our investigation it was found that the pH of the but¬ 
ter serum seemed to have some influence on the test. To check this in¬ 
fluence, various amounts of N/10 H 2 SO* and N/10 NaOH were added to 
50 gram samples of the same butter. After melting, about 10 grams of this 
butter were placed in test tubes for the modified Ritter Test. The pH of 
the serum was determined electrometrically using a quinhydrone electrode. 
The results are shown in Table 2. 


TABLE 2 

Influence of the pE on the modified Hitter test 


Sample 


pH 

Modified Ritter 

Remarks 

Cheek 4 6 ml. N/10 

IIjSO, 

2.90 

44 

Fat darkened 

44 4 4 ml. 

* ( 

3.62 

44* 

Fat darkened 

44 4-2 ml. 

* * 

4.56 

4 4 

Fat darkened 

‘ * 4 0.0 ml. 

Cheek (50 gms.) 

t i 

5.10 

5.32 

44 

+ 

Fat darkened 

“ 4 0.6 ml. N /10 NaOH 

5.76 

4 


“ 4 1 ml. 

i f 

! 6.00 

4 


44 4 2 ml. 

“ 

6.50 

SI. to -4 


4 4 4 3 ml. 

( c 

6.90 

- 


4 4 4 4 ml. 

t i 

7.60 

i 

Slight suspension 
of curd in the fat 

44 46 ml. 

“ 

8.30 

! 

1 

Suspension of the 
curd in the fat 


4 positive; 44- very positive; - negative. 


It will be noted in Table 2 that from a pH of 2.90 to 5.10 the test showed 
a very positive copper contamination and the fat was also darkened, from 
a pH of 5.32 to 6.50, a positive test, and at 6.90 and above, a negative test. 
This darkening of the fat was also noticed in commercial butter with high 
copper even though the pH was below 6.5. Other tests were run on samples 
showing negative by the modified Ritter Test and if only a small amount 
of copper was present the addition of a small amount of acid did not ma¬ 
terially change the negative reading. Turgeon, Stebnitz and Sommer (8) 
found the degree of acidity to have some influence on the Ritter Test in 
milk. They stated, “ At high acidities the test failed to detect the presence 
of even fair ly large amounts of copper.” Our results show with the 
modified test for butter that increased acidity intensified the color and this 
intensified color appeared in a shorter time when fairly large amounts of 
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copper were present, but had no effect on butter with low amounts of 
copper. 

Difficulty was encountered with some butter samples in that the curd re¬ 
mained suspended in the fat after heating. It was found on examining 
the pH of the butter serum that the serum had a high pH. These samples 
in nearly all cases gave a negative reading according to the modified Hitter 
Test even though the butter contained a high copper content. 

After our observation that acid increased the color of the modified Hitter 
Test in the presence of fairly high amounts of copper, the addition of acid 
was tried on butter samples showing suspension of curd in the fat. Table 3 
shows the results of a few of the typical tests made by the use of acid on 
the butter samples showing suspension of the curd in the fat. These 
samples in all cases showed a high pH in the butter serum. By the ad¬ 
dition of acid, a true indication of the copper contamination of the butter 
was revealed, while without the addition of the acid, the modified test gave 
erroneous results. 

TABLE 3 

Effect of the addition of acid to the hatter sample containinfi various amounts of copper 
on the modified Hitter test io decrease the pH 


Modified 

Modified Ritter 

Copper 

! Original pH of 

Ritter 

! +N/10 H a 80* 

p.p.m. 

butter serum 

_ 

81. 

0.34 

0.90 

- 


1.12 

7.35 

- 

+ 

0.42 

1 7.50 

- 

•1 , 

0.54 

; 7.05 

- 

f 

0.50 

0.85 

- 

++ 

0.90 

0.90 

- 

- 

0.31 

7.30 


- 

0.33 

7.50 


-negative; slight; + positive; H very positive. 


RESULTS 

The examination of 591 samples of Indiana butter with the modified 
Ritter test for copper contamination during the year 1938 is shown in 
Table 4. These samples were from 51 creameries from all parts of the 
State of Indiana and were sent in monthly by the creameries. Table 4 
gives the number of samples by months showing negative, slight and posi¬ 
tive copper contamination with the modified Ritter Test, also the percentage 
of samples in each classification for the year. The data show April, May 
and December to have the largest number of samples with positive copper. 
There seems to be no month in which there was an exteusive contamination 
nor one in which there was very little contamination. This could be ex¬ 
pected since the samples were sent in by the operator and also that the first 
run cream from equipment with copper exposed would have more copper 
contamination than succeeding churnings of cream. The data in Table 4 
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reveal that over a period of a year, 21.3 per cent, of the samples had positive 
contamination of copper. 

TABLE 4 


contamination of Indiana butter by months 

as shown by the 

modified Ritter lest 

Month 

| 

No. of samples 

* 

! Negative; j 

Slight 

| Positive 

January 

. j 17 ! 

23 

12 

February 

. .. 1 23 

21 

10 

March . 

25 

17 

i 9 

April . 

26 

13 

14 

May 

16 

16 

16 

.7 line 

14 

22 

j 10 

July 

II 

21 

! 31 

August 

! oo 

20 

7 

September . . 

i 1H 

21 

9 

October 

. ; 26 

38 

6 

November 

27 

38 

6 

December 

9 

21 

16 

Per vent 

39.6 i 

39.1 

21.3 


Iii this study of copper contamination of butter, keeping quality tests 
were also made oil each sample. The butter was scored as it was received 
and then rescored after an incubation temperature of 70° F. for seven days. 
The results in Table 5 are from two creameries and were obtained from 
monthly samples taken consecutively from each creamery during the year 
1938. The equipment used by Creamery No. 1 was made of tinned copper. 
However, most of the tin had been worn off the forewarmer and coil, hold¬ 
ing vats and cooling equipment. The equipment of Creamery No. 2 was 
well-tinned with just a few scratches of copper showing. It will be noted 
that the butter from Creamery No. 1 was of lower score when received than 
was that of Creamery No, 2. This tendency for relative high copper con¬ 
taminated butter to be of lower score was observed in the results from 
samples of other creameries. The pH tended to be somewhat lower in the 
butter of Creamery No. 1 and the copper content ranged from 0.5 to 4.0 
p.p.m., while the copper content of the butter from Creamery No. 2 ranged 
from 0.14 to 0.52 p.p.m. 

The results in Table 5 show that copper contamination of butter lowers 
the keeping quality. The fact that butter with the higher copper content 
was of lower quality when received may be partly due to this contamination 
and also due to the fact that there was little attention paid to the grading, 
sanitation and processing of the product. The results from other butter 
with somewhat lower copper contamination showed that the butter did not 
deteriorate so rapidly as the butter from Creamery No. 1. Therefore, from 
the results it would appear that copper contamination of butter in com¬ 
bination with careless grading and processing can only result in a lower 
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TABLE 5 

Copper contamination of butter from two creameries and its effect on the keeping quality 

Creamery No. 1 


Copper 

(Bitter) 

In 

seorc 

Remarks 

Out 

score 

Remarks 

4 

89.0 

Old cream, si. bitter 

88.0 

Stale 

44 

89.5 

SI. old cream 

88.0 

SI. cheesy, musty 

44+ 

88.0 

SI. onion 

86.0 

SI. onion, metallic, si. cheesy 

44+ 

88.5 

Old cream, si. bitter 

87.5 

Very stale 

44+ 

88.0 

Old cream, si. neut. 

86.0 

Very stale, si. cheesy 

++ 

88.0 

SI. yeasty, old cream, si. bitter 

87.0 

81. rancid, stale 

+++ 

88.0 

Old stale cream, si. cheesy 

86.0 

Cheesy, stale 

44 

88.0 

Cheesy, yeasty 

87.0 

Rancid 

4 

88.0 

Old cream, bitter, si. yeasty 

87.0 

Cheesy 

44 

88.0 

Stale cream, si. cheesy 

85.0 

Fishy 

44 

88.0 

Old, stale cream 

86.0 

Cheesy, musty 

444 

88.5 

SI. cheesy 

86.0 

Cheesy, si. musty, rancid 



Creamery No. 

2 


Modified 

... 

! 



Ritter 


j 



81. 

90.5 1 


90.0 


SI. 

90.5 i 


90.0 


V. SI. 

91.0 


90.5 


+ 

88.0 * 

Onion 

88.0 

Onion 

SI. 

91.5 i 

High flavor 

1 90.0 

1 

+ 

91.0 i 

Not fine 

89.5 j 

SI. old 

HI. 

91.0 1 


89.0 

i Old 

- 

92.0 


91.5 

I S3, storage 

— 

92.5 


91.5 


- 

90.5 


90.0 


_ 

90.0 i 


87.5 

Cheesv 

- 

90.5 ! 

Very high flavor* 

90.0 

SI. old 


grade of butter and with poor keeping qualities. In other words, the authors 
do not believe that the copper contamination of butter is the chief cause of 
the poorer keeping quality but tends to speed up the deterioration due to the 
catalytic and oxidative properties of the copper. 


mscuasioN 

The Ritter Test was modified to make a short, rapid, qualitative test for 
copper in butter. Three different classifications were made in the reading 
of the test to determine the extent of the copper contamination: Negative 
reading, in which the butter contained on the average 0.221 p.p.m. of copper 
and showed no bluish purple color in the curd at the end of 15 minutes; 
slight, which had a slight bluish purple color in the curd at the end of 15 
minutes and in which the butter contained on the average 0.291 p.p.m. of 
copper; and positive, which had a deep bluish purple color in 15 minutes or 
less and contained on the average 0.583 p.p.m. of copper. 

The results in Table 2 show that the pH influenced the test, the more 
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acid in the sample the deeper the color down to about a pH of 5.0; then 
there was no color change, but the color was developed more quickly in the 
lower pH range. It was found that in most butters with a pH of above 7 
in the serum, the curd would be suspended in the fat after heating and 
would give a negative test even though the copper content was high. By 
the addition of a very small quantity of N/10 H 2 S0 4 to change the pH‘as 
well as to break up the suspension, a true reading of the test could be made 
which compared very favorably with the actual copper content of the 
butter for the reading observed. 

The data obtained with the use of this modified test on a year’s study 
of Indiana butter reveal that 39.fi per cent of the samples were classified 
as negative copper contamination, 39.1 per cent as slight and 21.3 per cent 
positive copper. This would indicate that many of the plants have equip¬ 
ment that should be retinned. 

Table 5 shows the effect of* copper contamination in the butter from one 
creamery as compared with the butter from another creamery with practi¬ 
cally no contamination. Our results show that the butter with high copper 
was of poorer quality than butter with low amounts of copper contamin¬ 
ation. The highly contaminated samples had inferior keeping qualities and 
the butter was prone to develop musty, stale and rancid flavors. However, 
the lower quality of the butter with heavy copper contamination suggests 
the lack of attention to methods of sanitation and manufacture. It is 
probable that factors other than copper contamination played an important 
part in the poor keeping quality of this butter and that copper contamin¬ 
ation w r as not the chief cause, but may have been a contributing factor in 
the rapid deterioration of this butter. 

SUMMARY 

1. A modified Ritter Test for copper in butter has been described. 

2. Three classes of readings for this copper test have been proposed to 
designate the extent of the copper contamination in the butter. 

3. The test is influenced by a high pH of the butter serum, but may be 
corrected by the use of a small quantity of N/10 H 2 S0 4 . 

4. The copper contamination of Indiana butter was found to be 39.1 per 
cent negative, 39.6 per cent slight and 21.3 per cent positive according to 
the modified test. 

5. The comparison of butter of high copper contamination from one 
creamery and that of another creamery with very little contamination was 
made. 

6 . This modified test although qualitative is fairly accurate in determin¬ 
ing the extent of copper contamination in butter and is also a rapid, in¬ 
expensive test. 
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THE INFLUENCE OF STABLE TEMPERATURE ON THE PRODUC¬ 
TION AND FEED REQUIREMENTS OF DAIRY COWS 

J. R. DICE 

Department of Dairy Husbandry, North Dakota Agricultural College 
INTRODUCTION * 

Animal husbandmen employed by agricultural colleges and experiment 
stations, as well as other leaders working for improved animal husbandry, 
have been prone to assume that farm animals should be comfortably housed 
and that if they are kept in cold quarter’s, they will produce less and would 
have to use more or less of their ration to maintain body temperature. Many 
farmers apparently never have been and are not now overly careful about 
keeping their stock in warm quarters. 

Beef Cattle. Waters (1), writing in 1907, stated that “It has long been 
assumed that animals exposed to cold are required to use a considerable part 
of their ration to maintain the normal temperature of the body, and that a 
considerable part of the food used for fuel may be saved by providing a warm 
shelter for the animals.” That 3 r ear he sent out a questionnaire to beef cattle 
feeders and found that about 18 per cent of them used a warm barn, nearly 
60 per cent an open shed, and about 23 per cent an open lot for feeding beef 
cattle. Many of the open sheds used were reported to afford little shelter. 

The summary of a three-year trial by Waters (1) showed that cattle 
housed in barns required 10.77 pounds of dry matter, cattle in open sheds 
required 10.25 pounds, and cattle in an open lot with no shelter other than 
windbreak and with cornstalks for bedding required only 10.22 pounds of 
dry matter for a pound of gain. Thus states Waters, “The cattle confined in 
barn at night and during stormy weather ate less, made smaller gains and 
less gain per pound of dry matter consumed than cattle that had access to 
an open shed or less economical gains than did those which were in an open 
lot without shelter and a pile of cornstalks to lie on.” Other trials (2, 3, 4, 5, 
6 , 7, 8, 9) at various stations confirmed these results. 

Armsby (10), after reviewing the experimental evidence available at 
that time, 1908, noted that a summary of the experiments covering full fat¬ 
tening periods shows fully as good results for the exposed as for the barn-fed 
animals. “It seems clear at least that the value of shelter for fattening 
cattle has been exaggerated.” 

Dairy Cattle . It has also been assumed that of all farm animals, the 
dairy cows are the least able to withstand exposure and therefore must be 
kept in warm, comfortable quarters. Plumb (11) in 1893, Henry and Mor¬ 
rison (12) and Eckles (13) in 1923 expressed somewhat the same sentiment, 
although Eckles stated that dairy cows, “when well fed are not so sensitive 
to low temperature as is sometimes assumed.” 

Received for publication June 16, 1939. 
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An explanation published by Armsby (14) in 1917 has been quite gener¬ 
ally overlooked or ignored. Using experiments by Kellner, he showed that 
of the energy evolved as heat by a fattening steer on full feed, about 62 per 
cent of it was used to maintain body heat and 98 per cent was surplus. 
Armsby then cited work by Jordon (15) to show that the heat produced by 
one dairy cow was greater by 85 per cent and for another was 54 per cent 
greater than the amount needed for maintenance and that, “so far as mere 
maintenance of body temperature goes, no reason appears why a cow might 
not be subjected to comparatively low temperatures without causing any 
increased katabolism for the sake of heat production solely .’* 

Buckley (16) at Maryland compared open stables to closed stables and 
found that, “the effects of extremely low temperatures are practically nega¬ 
tive in reducing the flow of milk.” 

Davis (17) compared an open shed with a barn for milk cows in Penn¬ 
sylvania and concluded that drops in atmospheric temperature decreased 
the milk yield for both groups, and that the cows in the open shed consumed 
slightly more roughage than the cows kept in the barn. ‘Woodward, ct al . 
(18), also compared the open shed with the closed barn for milk cows and 
report that “the cows consumed somewhat more feed and produced slightly 
more milk when kept in the open shed than when kept in the closed barn.” 

During the time this project was in progress, Kelley and Hupei (20) 
studied the relation of stable environment to milk production and found 
that under Wisconsin conditions the optimum stable temperature for dairy 
cows appeared to be about 50° F. and that, cows running loose in a pen barn 
withstand low temperatures better than stanchioned cows. Regan and 
Richardson (21) housed cows in an air conditioned room and demonstrated 
that heavy milking dairy cows withstand cold temperatures better than warm 
temperatures. 

EXPERIMENTAL 

The preliminary woTk on the project reported in this paper was done to 
demonstrate the folly of turning milk cows out in the yard iu the morning 
during cold weather and leaving them out all day. The production and per¬ 
sistency of production of this group of five cows was compared with that of 
a similar group kept in the barn and turned out for exercise for a few hours 
on nice days. All of the cows were kept in the barn during the night. At 
the end of two months, November-December, we were surprised to find that 
the out-of-doors cows maintained their production on a par with those kept 
in the bam. 

The mean temperature for November was 22° F., for December 9° F., 
with the minimum going below zero several times. 

The barn cows gained 184 pounds in live weight and the yard cows gained 
207 pounds during the two-month period. 

Table 1 gives the production of five cows in each group whose production 



TABLE 1 

Production of cotes housed in the horn vs. cows kept in yard during day 
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All cows housed in dairy barn. 
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records were available for the month before and the month after the trial 
period. 

To check these results other groups of cows were turned out, night and 
day, during February and March and again during November and Decem¬ 
ber with access to hay in a rack and to an open shed. They were milked and 
fed grain and silage in the barn. The production of these groups was com¬ 
pared with that of similar groups housed in the dairy barn. 

The mean temperatures for February and March 1930 were 23.0° F. and 
27.0° F., respectively and for November and December were 30.4° F. and 
19.8° F. Table 2 and table 3 show the results of the two comparisons. 


TABLE 2 

Milk production by groups (converted to 4% min':) 
In Barn 



1930 

1930 


Feb. 

Mar. 

Nov. 

Dec. 

No. cows included .. 

Lbs. of 4% milk produced 

Daily production of 4% milk. 

Lbs. drop in daily production. 

% drop in daily production. I 

3 

2484.83 

88.74 

3 

2537.73 

81.80 

6.88 

7.75 

4 

3464.47 

115.48 

4 

3201.36 

103.27 

12.21 

10.57 


In Shed 


No. cows included . 

3 

3 ! 

4 

4 

Lbs. of 4% milk produced 

2751.61 

2833.66 ' 

3483.64 

3144.79 

Daily production of 4% milk . 

Lbs. drop in daily production. 

% drop in daily production. j 

98.27 

91.41 

6.86 

6.98 

116.12 

101.44 

14.68 

12.64 


TABLE 3 

Average daily milk production by groups (converted to 4% milk) 
In Barn 


: 

No. cows 

Daily production of 4% milk 

First month j 

Second month 

Feb.-Mar. 1930 .-. 

3 

88.74 

81.86 

Nov.-Dee. 1930 .. 

4 

115.48 


Total .. 

7 

204.22 

185.13 

Lbs. drop in daily production. 1 

7 



% drop in daOy production. 

7 1 


9.35 

Lbs. daily production per cow. j 

7 | 

29.17 

26.45 


In Shed 


Feb.-Mar. 1930 ... 


98.27 

91.41 

Nov.-Dee. 1930 . 


116.12 

101.44 

Total .-. 


214.30 

192.85 

Lbs. drop in daily production. 



21.54 

% drop in daily production. 

Lbs. daily production per cow. 


30.63 

30.05 

HDH 

27.55 
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The production of the cows is calculated to 4 per cent milk using the 
formula 0.4 M plus 15 F. 

As indicated in table 4, the cows in the shed gained more weight than the 
cows in the barn. 

TABLE 4 
Weight summary 

■ i 

! Barn cows i Shed cows 

j No. cows L - ;• -- 

j Lbs. gain or loss 1 Lbs. gain or loss 


Feb-Mar. 1930 . 3 j - 92 +01 

Nov.-I)ec. 1930 . 4 ' +340 +401 

Total . 7 +248 +402 

Av. gain per cow . I + 35 + 66 


NUTRIENTS REQUIRED 

These data seemed to indicate that the cows housed in cold quarters pro¬ 
duced practically as well as those kept in a standard dairy barn. 

Contrary to the statement by Armsby (14), the assumption had been that 
the cows in the cold quarters required more feed than those in the dairy barn. 
The next phase of the project was to compare the amount of nutrients re¬ 
quired by a group of cows housed in a cold shed where the door was left open 
except during stormy weather and where the temperature was below freezing 
with that used by another group of cows or the same cows housed in the dairy 
barn. The cows in the shed were fed grain and silage and milked in the 
dairy barn. 

The comparisons for the first two trials were between cows kept in the 
barn vs. cows kept in the shed. The period used was for five months begin¬ 
ning November 1. The results are summarized in table 5. 

TABLE 5 

Production of separate groups of cows 


j 1932-33 

i 1934—35 

1 _ , 

i Barn cows 

Shed cows 

Bara cows 

i Shed cows 

Lbs. 4% milk produced ! 19,664 

Mean humidity . j 

Mean temperature, degrees F. j 45.30 

Lbs. gain in weight. j 292 

18,393 

31.80 

426 

18,521 
84.30 
51.16 
; 459 

20,297 

75.86 

24.87 

556 


The producing ability, stage of lactation, size and breed of the cows were 
always considered in making up the groups. During the next two seasons 
the method was changed somewhat and one group was kept in the dairy barn 
while the other group was in the shed and then the next month the two groups 
were Reversed. This plan served to overcome any of the inevitable differ¬ 
ences that existed in the two groups. 
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TABLE 6 

Same cows in barn and shed—alternate months 



1935-36 

1937-38 

Barn cows 

Shed cows 

.. 

Barn cows 

Shed cows 

Lbs. 4% milk produced.. 

Mean humidity . 

Mean temperature, degrees F. 

Lbs. gain or loss in weight . 

16,358 

83.50 

52.20 

4 363 

16,305 
73.40 ! 

25.95 
j + 440 

27,910 I 
82.92 
' 53.90 

1 -134 

27,887 

1 67.23 

34.96 
■<- 1.199 


Combining the results obtained in the four comparisons, we have the 
summary in table 7. 


TABLE 7 


Summary of all trials 


Summary of 4 trials 
(11*32-33, 1934-35, 1935-36, 1937-38) 


Barn cows i Shed cows 


Lbs. 4% milk produced. 

82,453 

82,882 

Mean humidity. : 

83.57 

72.16 

Mean temperature, degrees F, . 

50.64 

29.39 

Gain in weight, lbs. 

4 980 

-f 2621 

TABLE 8 



Feed consumed 





Barn cows 

j Shed cows 


Hay 

Silage 

1 Grain 

t 

Hay 

Silage 

Grain 


lbs. 

lbs . 

lbs. ! 

lbs. 

lbs . 

lbs . 

1932-33 .... ; 

9,570.5 

28,904 

| 5,485.0 

8,775.0 

26,347 

j 4,680.0 

1934-35 . ! 

10,961.0 

32,483 

4,563.0 

: 10,628.0 

31,700 

4,362.0 

1935-36 . 

10,415.0 

29,302 i 

3,597.0 

! 10,392.0 

29,300 

| 3,352.0 

1937-38 . 

14,682.0 

40,897 j 

! 6,441.0 

14,445.0 i 

40,957 

j 6,322.0 

Total . 

45,628.5 

131,586 

20,086.0 | 

j 44,240.0 j 

128,304 j 

j 18,716.0 


TABLE 9 

Digestible nutrients consumed 


s 

Barn cows 

Shed cows 

: 

Digestible 
crude protein 

Total 1 

digestible 

nutrients 

| 

Digestible i 
crude protein j 

Total 

digestible 

nutrients 


lbs. 

lbs. 

lbs i. i 

lbs. 

1932-33 . 

1934- 35 . 

1935- 36 . 

1937-38 . 

1.840.9 
1,942.0 
1,660.6 

2.599.9 

13,098.11 
14,872.80 
12,930.10 : 

19,237.91 

1,654.0 i 

1,880.0 ! 

1,630.0 1 

2,570.3 j 

32,555.08 

14,409.60 

12,738.98 

19,044.24 

Total. 

8,043.4 

54,038.92 

7,740.3 j 

58,748.80 
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During these trials the cows were fed corn silage and alfalfa hay in pro* 
portion to their body weight and were fed grain according to their produc¬ 
tion using Woodward’s rule (19) as a guide. The grain ration consisted of 
oats, barley, corn, wheat bran, bone meal and salt. 

TABLE 10 

Digestible nutrients used for production of milk 
Separate Groups of Cows 



1932-33 


1034-35 


Born rows Shed cows 

Barn cows Shed cows 

Lbs. protein for 100 lbs. 4% 




milk . 

0.30 8.00 

10.49 

9.20 

Lbs. total digestible nutrients 

for .100 lbs. 4% milk 

71.10 08.20 

80.30 

70.00 

Same cows i 

ii barn and shed -alternate months 

10 35-30 

1037—38 

Lbs. protein for 100 lbs. 4% 

milk 

10.15 10.03 

9.32 

0.22 

Lbs. total digestible nutrients 

for 100 lbs. 4 % milk . ... 

70.04 78.12 

Summon* of all trials 

08.03 

68.20 

(1932-33 

, 1934-35, 1035-30, 1937-381 


Lbs. protein for 100 lbs. 4% milk 

• 1 

9.83 

9.37 

Lbs. total digestible nutrients for 100 lbs. 4% milk | 

74.86 

71.41 


HEALTH OF COWS 

No cases of pneumonia developed during any of the trials. The shed 
cows did not suffer from frosted teats as much as was anticipated and when 
teats were frosted, it was in most cases due to wading thru snow in coming 
and going from the shed to the barn at milking time. Slightly more mastitis 
was reported for the groups in the shed and there was no difference in the 
occurrence of “off feed” cases. 

It would therefore seem that under North Dakota conditions the follow¬ 
ing conclusions would be warranted. 

SUMMARY AND CONCLUSIONS 

1. The idea that dairy cows receiving an adequate ration need to be kept 
in a warm barn to be comfortable seems to be an assumption rather than a 
fact. 

2. Data presented herein show that provided dairy cows receive an ade¬ 
quate ration, have shelter from the wind, snow or rain and have a dry place 
to bed down that: (a) they can withstand exposure to cold temperature; (b) 
that they will produce practically the same in a cold stable as they will in a 





68 


J. R. DICE 


‘ % 

stable where the temperature is about 50° F.; (c) that milk cows on full 
feed, when housed in a cold stable produce sufficient surplus heat over usual 
maintenance requirements to maintain body temperatures without using 
nutrients for that purpose; (d) that cows housed in a cold shed require if 
anything somewhat less protein and total digestible nutrients for milk and 
butterfat production than other cows or the same cows when kept in a 
standard dairy barn; (e) that the cows in the cold shed tend to gain some¬ 
what more body weight than the cows in the dairy barn; (f) that the comfort 
and convenience of the caretaker and the protection of watering systems 
rather than the need of the cows justify the use of stables that are common 
today. 

3. It should be noted that the cows kept in the cold shed were always loose 
while those in the dairy barn were always kept in stanchions. 
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LIVE WEIGHT AND MILK-ENERGY YIELD IN CZECHOSLOVAK 

COWS 


W. L. GAINES 

Illinois Agricultural Experiment Station, Vrba.no, Illinois 

A recent paper 1 by Klcinberg presents some 14,000 records of cows in 
Czechoslovakia, dealing with ago, Jive weight, milk yield and fat yield. 
Kleinberg’s analysis of these records includes an application of the equa¬ 
tion,*' M = A-}-B\V and the equation, F -- A j BW. One of his three major 
breed groups and several of his minor age groups give a negative value for 
A, which indicates that in these particular groups the larger cows produce 
more milk or more fat per unit live weight than do the smaller cows. This 
situation is of so much interest that it seems desirable to express the results 
in terms of a power equation, relating milk-energy yield to live weight. 
Accordingly, in the present paper Kleinberg’s published data are fitted 
with the equation, 

FCM b\Y‘ ... .(1) 

In fitting equation (V) the constants, b and c are derived from a least- 
squares solution of log FCM -log a + c log AY, taking the W\s as the mid¬ 
points of the live-weight classes, and the FCM’s as the average FCM’s of 
the live-weight classes. The classes are treated as of equal weight, that is, 
differences in n are disregarded. The result is not a least-squares fit of 
equation (1) but affords an acceptable approximation to it. 

MILK-ENERGY YIELD AS A POWER FUNCTION OF LIVE WEIGHT 

Table 1 presents the constants of equation (1) for various groups of 
records according to breed and age of cow. The values of the exponent, c, 
range 3 from .10 to 2.96. Excluding groups of less than 100 records, the 
range is from .50 to 1.62. 

Received for publication June 19, 1939. 

^ Kleinbcrg, Antonin. Studio o vlivu velikosti (vdliv) a vMui dujuicc ua produkei 
ml6ka (mit deutscher Zussmnenfnssung). Sbornik vyzkunmyeh ustavii zemSdelskveh OSR. 
Sv. 1G2. Praha, ndkladem ministerstva zemodclstvi, 1937. 

* Symbols are used iu the present paper as follows: 

W = live weight of cow, kg. 

M = milk yield for fiscal year, kg. 

F = fat yield for fiscal year, kg. 

FCM = .*4M + 35F = milk-energy yield for fiscal year, kg. 4% milk. (1 kg. 

4% milk = 750 calories.) 

nnumber of cows or records. 

3 When working maintenance is expressed as a power function of live weight a similar 
range in value of the exponent (viz., .15 to 2.30) is found, with the further similarity that 
the best all-round value appears to be unity. 
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TABLE 1 

Milk-energy yield as a power function of live weight 


Breed 

Bange in 
age yrs. 

Range in 
weight kgs. 

n 

FCM = bWc 

b 

c 

All breeds. 

2-15* 

310-790 

13,807 

4.045 

1.021 

Berner . 

2-15* 

370-790 

6S3 

.5067 

1.368 

Pinzgauer . 

2-15* 

310-710 

4,785 

13.51 

.802 

Simmentaler . .. 

2-15* 

310-790 

8,367 

12.09 

.850 

Berner . 

2-4 

390-690 

85 

113.4 

.499 

Pinzgauer . 

2-4 

310-630 

478 

8.449 

.871 

Simmentaler . 

2-4 

310-770 

1,074 

6.013 

.956 

Berner . 

5-6 

390-790 

160 

.6610 

1.332 

Pinzgauer . 

5-6 

310-710 

1,062 

69.55 

.528 

Simmentaler . 

5-6 

310-790 

2,361 

0.849 

.884 

Berner . i 

7-8 

390-790 

111 

.1034 

1,618 

Pinzgauer . 

7-8 ! 

310-710 

1,105 ; 

18.26 

.754 

Simmentaler . ' 

7-8 

310-790 

1,967 

15.28 ; 

' 1 

.816 

Berner . : 

9-10 

430-790 

59 

.1090 

1.596 

Pinzgauer . 

9-10 

310-710 

754 i 

6.567 

.920 

Simmentaler . 

9-10 

310-790 ! 

i 

935 ; 

7.716 

.919 

Berner . 

11-12 

490-710 

33 

.000408 

2.460 

Pinzgauer . 

11-12 

310-790 1 

252 

11.50 i 

.818 

Simmentaler . i 

11-12 j 

370-750 | 

329 

134.3 

.504 

Berner . 

13-15 

490-690 I 

18 

.0000138 j 

2.961 

Pinzgauer . ! 

13-15 

330-630 j 

83 

147.5 

.405 

Simmentaler .. 

13-15 

410-750 

L _ _ ’’ 

82 

: 1343 

.104 


* The starred groups include some cows of unknown age. 


The three breeds have exponents in equation (1) of 1.37, .85, and .80 
respectively. By combining the three breeds (without regard to differences 
in n) the 13,807 records give the equation FCM= 4.045 W i0sn . The data 
for the three breeds and the combined results are shown graphically in 
Figures 1, 2, 3 and 4. 

DISCUSSION 

The results for the cows represented in table 1 and figures 1-4 effec¬ 
tively dispose of the notion that “active mass” or “metabolic body size” or 
“physiologic weight” is proportional to the £ power of live weight in the 
sense that the £ power of live weight represents the limit of potential capacity 
of cows to do sustained work in lactation. On the other hand the results lend 
support to the notion that, as between cows of different live weights, poten¬ 
tial lactation capacity (present or capable of development) is proportional 
to live weight. 4 

4 The validity of this concept is not disturbed by the fact that small species as com¬ 
pared with large species of mammals may produce milk energy at a faster rate per wait 
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Fig. 1. Relation of in ilk-energy yield to live weight in the Berner breed, 653 records. 

Equation of the smooth curve, FOM - .5067 W 1 -*®*. 

A noteworthy feature of Kleinberg’s data is the groat range in live weight 
—from 300 to 800 kilograms. This range is equivalent to that from a small 
Jersey (660 pounds) to a large Holstein (1760 pounds). It is amazing to 
find such a range of size existing within a single breed, and, furthermore, 
within a narrow age range within a single breed (c.g. the group of 935 Sim- 
mentaler cows, 9-10 years of age, table 1). 

Prom the standpoint of number of records and range of live weight in¬ 
volved, Kleinberg’s data rank high as bearing on the problem of the relation 
between live weight of cow and milk-energy yield. 

live weight at the flush of lactation. In general, small species live faster and shorter lives 
than large species. A fair comparison between species with respoct to milk-energy yield 
per unit live weight must introduce length of life. The lifetime capacity of organisms to 
work (transform energy in the various life processes) may be in general proportional to 
mature live weight, while the mature capacity for rate of work (as between species) may 
be proportional to the 3/4 power of live weight. 
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Fig. 2. Relation of milk-energy yield to live weight, in the Pinzgauer breed, 4,787 
records. 

Equation of solid line, FCM = 40.79 W* 5 - 0 . Omission of the last two observations 
(n = l in each) gives the broken line, FCM = 13.51 W- 80 -. 



Fig. 3. Relation of milk-energy yield to live weight in the Simmers taler breed, 8,367 
records. 

Equation of the smooth curve, FCM = 12.09 W' 95 «. 
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Kig. 4. Relation of milk-energy yield to live weight in three breeds, 13,807 records. 
Equation of the smooth curve, F(\\f = 4.045 W 1 The data are obtained from those 
of Figures 1, 2 and 3, disregarding differences in n, and including the last two observa¬ 
tions of Figure 2, 


SUMMARY AND CONCLUSIONS 

Kleinberg’s data comprising 13,807 records of cows of three breeds are 
fitted with the equation, FOM-b\V c , where FOM is milk-energy yield, kg. 
4% milk per year, and \V is live weight of cow, kg. The records as a whole 
give the equation FOM-4.045 W l * ual . For the three breeds the exponent, c, 
is respectively .802, .850 and 1.368. For various age groups within breeds 
the exponent ranges from .10 to 2.96. Tf groups of less than 100 records are 
excluded the range of exponents found is from .50 to 1.62. 

The number of records and range of live weight (300 to 800 kgs.) make 
the data particularly valuable as bearing on the relation of milk-energy yield 
to live weight in the cow. The results support the equity of using milk- 
energy yield per unit live weight as a measure of dairy development among 
cows. 





REPORT OP THE STUDENTS’ NATIONAL CONTEST IN 
JUDGING DAIRY PRODUCTS 

San Francisco, Calif., October 23, 1939 

The Iowa State College team was victorious in a big way at the Products 
Judging Contest held at the Dairy Industries Exposition in San Francisco, 
in which 14 teams participated. The Iowa team won first place in judging 
butter, milk, and ice cream and, therefore, first in “all imoducts.” The 
trophies were 4 silver cups and a Dairy Industrial Research Fellowship. 
Individual members of the team won first, second, and third places in “all 
products/’ first and third in butter, first and third in ice cream, and first in 
milk. Awards to individuals are gold, silver, and bronze medals for first, 
second, and third places, respectively. 

The University of Wisconsin team won the cheese judging event, beating 
Iowa, however, by only f point. 

Dairy Industrial Research Fellowships for winning second and third 
places in “all products” were awarded to the University of Wisconsin and 
Mississippi State College. 

Following are additional contest data: 

Teams from fourteen (14) State Agricultural Colleges participated in 
this, the tenth annual contest sponsored by the Dairy Industries Supply 
Association, Ine., and the American Dairy Science Association. 

Following is a list of those who won high standings in the contest : 

ALL PRODUCTS 


Individuals 

1— Donald E. Sherman, Iowa State College. 80.05 

2— Oerel M. Russell, Iowa State College . 88.85 

3— Raymond J. Nelson, Iowa State College. 97.75 

4— T. J. Goodwin, Mississippi State College. 98.01 

5— Herb, Hollender, University of Wisconsin . 102.60 

6— Marshal C. Winton, University of Tennessee. 103.91 

7— T, A. Young, Mississippi State College . 106.76 

8— Paul II. Cober, Pennsylvania State College 106.80 

9— Richard Neutzling, Ohio State University . 106.83 

10—James M. Nunnally, University of Tennessee 110.95 

Teams 

1— Iowa State College ... 5 

2— University of Wisconsin . 12 

3— Mississippi State College. 13 

4— Pennsylvania State College. 20 

5— University of Tennessee. 22 

6— Ohio State University. 29 

7— South Dakota State College . 33 
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7—University of California . 33 

9—University of Minnesota . 34 

10— Texas Technological College . 35 

11— University of Nebraska. 36 

12— Kansas State College . 43 

13— -New Mexico A. & M. College . 51 

14— Texas A. & M. College . 54 

BUTTER 

Individuals 

1— Raymond J. Nelson, Iowa State College. 7.5 

2— John W. Waleh, Pennsylvania State College. 8.5 

3— Oerel Russell, Iowa State College . 9.5 

4— Donald E. Sherman, Iowa State College. 9.5 

5— T. J. Goodwin, Mississippi State College . 10.0 

6— Loren Zook, University of Nebraska . 10.5 

7— Alvin Rippen, University of Nebraska . 11.0 

8— Clayton Pfiueger, South Dakota State College . 11.5 

8— Paul II. Cober, Pennsylvania State College. 11.5 

10—Orville H. Herrick, University of California. 12.5 

10—Marshal C. Winton, University of Tennessee . 12.5 

Teams 

1— Iowa State College . 26.5 

2— University of Nebraska . 37.5 

3— Mississippi State College . 44.0 

4— University of Wisconsin . 45.0 

5— South Dakota State College .. 47.5 

6— Pennsylvania State College'.. 50.5 

6—Ohio State University. 50.5 

6—University of California . 50.5 

9— University of Tennessee. 51.0 

10— University of Minnesota . 59.5 

11— Kansas State College . 67.5 

12— Texas Technological College . 71.5 

13— -New Mexico A. & M. College . 79.0 

14— Texas A. & M. College. 104.0 

CHEESE 

Individuals 

1— Marshal C. Winton, University of Tennessee . 25.25 

2— Herb. Hollander, University of Wisconsin. 25.25 

3— Paul H. Cober, Pennsylvania State College. 25.25 

4— Loren Zook, University of Nebraska .. 25.50 

5— Donald E. Sherman, Iowa State College. 27.25 

6— John R. Raup, Pennsylvania State College. 27.50 

7 — Oerel M. Russell, Iowa State College ... 29.00 

8— Owen Pilgrim, University of Wisconsin. 29.25 

9— Orville Nellen, University of Minnesota. 29.75 

9—Willie Bell, Texas Technological College. 29.75 
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Teams 

1— -University of Wisconsin . 86.75 

2— Iowa State College . 87.00 

3 — University of Tennessee . 88.75 

4— Pennsylvania State College . 91.25 

5— -Mississippi State College . 92.25 

5— Texas Technological College . 92.25 

7— University of Minnesota 93.50 

8— Kansas State College 97.25 

9— Ohio State University . 97.75 

10— University of Nebraska 101.25 

11— University of California 111.00 

12— South Dakota State College 112.75 

13— New Mexico A. & M. College 134.00 

14— Texas A. & M. College 144.25 

ICE CREAM 

Individuals 

1— Oerel M. Ilussell, Iowa State College 32.0 

2— -Donald E. Sherman. Iowa State College . 33.5 

3— T. #J. Hood win, Mississippi State College . 37.5 

4— dames Jezeski, University of Minnesota 38.0 

4—flames M. Normally, University of Tennessee 38.0 

6— —Raymond J. Nelson, Iowa State College . 38.5 

7— Orville II. Herrick, University of California 39.5 

7—Paul II. Cober, Pennsylvania State College 39.5 

9—John W. Walch, Pennsylvania State College 39.66 

10—Richard Ncutzling, Ohio State University 39.83 

Teams 

1— Iowa State College 104.00 

2— Mississippi State College . 125.00 

3— University of Wisconsin . 127.00 

4— Pennsylvania State College . 127.66 

5— University of Tennessee 129.50 

6— South Dakota State College . 130.81 

7— University of California 133.00 

8— University of Minnesota 136.82 

9— Texas Technological College . 137.16 

10— Kansas State College. 138.16 

11— Ohio State University . 139.65 

12— University of Nebraska. 147.50 

13— Texas A. & M. College . 152.00 

14— -New Mexico A. & M. College . 173.50 

MILK 

Individuals 

1— Donald Sherman, Iowa State College. 9.8 

2— Thomas Harman, Ohio State University 15.15 
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3— T. A. Young, Mississippi State College 16.51 

4— John D. Bowers, Ohio State University 16.93 

5— Herb. Hollender, University of Wisconsin. 17.85 

6— Ocrel M. Russell, Iowa State College. 18.35 

7— T. J. Goodwin, Mississippi State College. 19.01 

8— Raymond J. Nelson, Iowa State College . 21.00 

9— Marshal C. Winton, University of Tennessee. 22.66 

10—John R. Raup, Pennsylvania State College. 22.85 

Teams 

1— Iowa State College . 49.15 

2— Ohio State University . 55.08 

3— Mississippi State College . 60.92 

4— University of Wisconsin . 74.93 

5— University of Tennessee. 77.86 

6— Pennsylvania State College. 78.45 

7— University of California. 80.76 

8— Texas Technological College . 81.72 

9— University of Minnesota . 91.82 

10— South Dakota State College . 98.11 

11— New Mexico A. & M. College. 100.05 

12— University of Nebraska . 104.16 

13— Texas A. & M. College . 110,76 

14— Kansas State College. 116.11 























American Dairy Science Association Announcements 


PURDUE UNIVERSITY INVITES YOU TO ATTEND THE THIRTY-FIFTH ANNUAL 
MEETING OF TIIE AMERICAN DAIRY SCIENCE ASSOCIATION 

To the Officers and Members of the 
American Dairy Science Association: 

It is a pleasure to know that the Thirty-fifth Annual Meeting of the 
American Dairy Science Association will be held at Purdue University, June 
24-28, 1940. We hope that you will take this opportunity to become 
acquainted with the members of our staff and to visit our different depart¬ 
ments while you are on our campus. 

You may also be interested in visiting some of our fine Indiana farms 
and factories, and at least one of the State Parks for which Indiana is noted. 

We are looking forward to your coming to Purdue and extend to you a 
most cordial welcome. We will make every effort to assist you in having a 
successful meeting and to see that your visit with us is a pleasant one. 
Very sincerely yours, 

(Signed) Edward C. Elliott, Pres . 

Purdue University, 

W. Lafayette, Indiana 

THIRTY-FIFTII ANNUAL MEETING, PURDUE UNIVERSITY, 

W. LAFAYETTE, INDIANA, JUNE 24-28, 1940 

Monday—June 2i 

1:30 p.m. —General Registration and Room Assignment. 
2:00-4:00 p.m. —Dairy Products Judging Conference for Coaches and 
Instructors. 

8: 00 p.m. —Board of Directors Meeting. 

Tu esda y—J u n e 25 

10: 00-12: 00 Noon—Opening Session. 

1: 30-3: 30 p.m. —Sectional Meetings. 

3:30 p.m. —Committee Meetings. 

8:00 I\M, —Social Hour. 

Wedn esday—J u ne 26 

8:30-9:30 a.m.— Committee Meetings. Inspection of Extension Ex¬ 
hibits. 

9: 30-12:00 Noon—Sectional Meetings. 

1:30-3: 30 p.m. — “ 

3:30 p.m. —Business Meetings for Sections. 

8:00 p.m. —Entertainment. 
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Thursday—June 27 

8:30-9: 30 a.m. —Committee Meetings. 

9: 30-12: 00 Noon—Sectional Meetings. 

1 : 30-3: 30 p.m.— “ 

3: 30 p.m. —General Session and General Business Meeting. 

6:30 p.m.— Annual Association Banquet. 

Friday—June 28 

9: 00 p.m. —Board of Directors Meeting. 

CALL FOR TITLES AND ABSTRACTS OF PAPERS 

Members of the Association are invited to submit titles and abstracts of 
papers dealing with original investigations. Those interested in presenting 
papers should comply with the rules regarding the abstracts and other 
information listed below. 

RULES REGARDING ABSTRACTS AND PAPERS 

Any member of the Association may submit a title for the program. 
Members are limited to two papers of which they are authors or co-authors 
unless the extra papers fit into the program being planned. No title will 
be accepted unless it is accompanied by’an abstract. At least one of the 
authors of a paper must be a member of the Association. A title and 
abstract is to be sent in only when the author or co-author has the intent ion 
of presenting the paper. 

Publication of Abstracts. —The abstracts will be published in the June 
number of the “Journal of Dairy Science.’ 1 Please typewrite this plainly 
since the abstract is a copy for the printer. Leave ample margins and a 
double space between lines. Prepare the abstract so that it is ready for 
final publication. 

Length of Abstracts .—The abstract must bo short, 500 words or less. 

Contents of Abstracts.—The abstract should contain concise statements 
of (1) the problem under investigation, (2) the experimental method used, 
and (3) the essential results obtained. Charts, graphs, photographs and 
tables will not be accepted. 

Time for Presentation of Papers. —Ten minutes will be allowed for the 
presentation of each paper. 

To be included in the program the title and abstract must be in the 
hands of the chairman of the Program Committee not later than April 15, 
1940. 

All communications relative to the program should be addressed to Dr. 
B. B. Horrall, Department of Dairy Husbandry, Purdue University, W. 
Lafayette, Indiana. 



PRESIDENT’S MESSAGE 


The president’s message to the members oi‘ the American Dairy Science 
Association should voice the opinions of the full Board of Directors. I trust 
that my associates will agree with my comments. 

According to our secretary’s report, which may be found in our Journal 
of August, 1939, the number of our members was above 1,400 with the 
addition of 149 affiliated members. 

We hope that- through the alertness and friendliness of our members, 
invitations to join our Association will he received by many good prospects. 
“Section 1. Any person is eligible to membership who is formally an¬ 
nounced by an Agricultural College or Experiment Station, or by the Bureau 
of Dairy Industry of the United States Department of Agriculture or by 
the Canadian Department of Agriculture as an instructor, extension worker, 
investigator, or administrative officer connected with the dairy industry, or 
any person fulfilling a position of responsibility connected with the dairy 
industry who has had a college or university training in technical science, 
or any person filling a responsible position in the dairy industry of a pro¬ 
fessional character requiring a technical knowledge of dairying of a high 
order. ’ ’ 

The success of our Association depends on the number and the quality 
of our members. That is one of the reasons why student affiliation has been 
made possible at $3.00 per year. This includes the subscription for our 
Journal. Student affiliation is open only to four-year and graduate stu¬ 
dents who are majoring in some branch of the dairy industry. Several 
student branches of the American Dairy Science Association have already 
been organized in dairy departments and it is urged that students and 
teachers in other departments consider a similar action. If it seems not 
wise to organize a student branch, or an affiliated group of students, it is 
desirable that the students receive the information that they individually 
may become student affiliates of our Association and receive our Journal for 
$3,00. Also all students affiliated may become regular members after 
graduation on the payment of the usual $5.00 fee. without contributing the 
additional $5.00 initiation fee. 

Tin*: Journal of Dairy Science has now reached the place in its devel¬ 
opment where it is the best publication that students in college, as well as 
older students in the industry, can read. It contains not only articles in 
science, but it presents abstracts of 68 foreign and domestic journals and 
9 special publications as well. These concentrations are made possible by 
99 abstractors who give freely of their time. 

The readers as well as the contributors to our Journal will be interested 
in the effort that is being made to standardize the style of the manuscripts. 
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president's message 


They, also, will be happy to know that an index of the first 20 volumes is 
being prepared. 

Now may I call attention to the program of our next convention. 
Doctor B. E. Horrall, of the Department of Dairy Husbandry, Purdue 
University, is chairman of the program committee. His task can be made 
a pleasant and satisfactory one to himself and to our Association if our 
members will bear in mind the recommendations of the program and reso¬ 
lutions committees of this year. The committee that built the program gave 
us this statement. “The committee recommends that the Departments of 
Dairy Husbandry or Divisions from the various Experiment Stations exer¬ 
cise the same care in reviewing subject matter of the individuals presenting 
papers, as they would if such papers were to be presented in the most con¬ 
servative scientific journals. 9 * 

The resolutions committee offered the following improvement: “There¬ 
fore, be it resolved: 

“That the members of the Association in the future exercise greater 
discretion in submitting titles and abstracts to the Program Committee when 
there is little likelihood of the authors’ being able to attend the meeting, 
since it is believed that the abstracts should not be regarded merely as a 
convenient method of securing advance publication of research in progress.** 

Often I hear the statement : “I hardly know how I can arrange to go 
to the convention this year, but I just can*t afford to stay away.** We shall 
look for you at W. Lafayette the last week in June, 1940. 

E. S. Guthrie, 
President 
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HYPERMAGNESEMIA WITHOUT CLINICAL SYMPTOMS IN 
DAIRY CATTLE 

M. W. EVELETII, D. F. EVELETII and F. E. WALSH 
Veterinary Kr,search Institute and Department of Veterinary Obstetrics, 

Iowa State College, Ames, loua 

There an 1 numerous reports in the literature dealing with hypomag¬ 
nesemia in cattle. Most of the data on blood magnesium have been obtained 
in studying the metabolic upsets associated with certain types of malnutri¬ 
tion. parturition and deficiency diseases. 

Duncan, Light foot and Huffman (1) have established 2.414 mg. per cent 
as the average for the Mg content of the plasma of dairy calves. The range 
of values encountered by these workers was 1.62-3.83 mg. per cent. The data 
show a slight increase in plasma magnesium in the older animals. Duncan 
and Huffman (2) found that during the period of from November through 
April there was very little change in the mean value but that during May 
and June there was a rapid decline. From July to November these authors 
found a steady increase in the plasma magnesium. Hayden (3) did not find 
significant variations in the serum Mg in a series of milk fever cases. 

The early work on the hypomagnesemia of cattle lias been recently re¬ 
viewed by Allcroft and Green (4j in their report on the seasonal trends of 
the serum magnesium of a herd of Hereford cows maintained on pasture 
throughout the year. The data of these investigations show a definite peak 
for the serum in August while the lowest average value was found in 
December. 

It is the purpose of this report to furnish evidence of a variation in the 
serum magnesium of a herd of Jersey cattle subjected to the influence of 
drought conditions. 

EXPERIMENTAL 

The animals used in obtaining the data on winch this report is based 
were all pure bred Jersey cattle. This herd was maintained for the commer¬ 
cial production of milk. Periodic examinations were made for disease con¬ 
trol and for procuring the blood samples. The animals were adequately fed 
for milk production. All blood samples were obtained by venous puncture. 
The blood was then transported to the laboratory and the serum separated 
from the clot by centrifugation. A 1:5 dilution of the serum ivas made, 
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mixing 1 volume of serum with 2 volumes of distilled water and then adding 
2 volumes of a 20 per cent solution of trichloroacetic acid. The proteins were 
removed by filtering through Whatman No. 42 paper. This filtrate is satis¬ 
factory for the determination of inorganic phosphate, acid soluble phos¬ 
phorus, and the mineral bases. Inorganic phosphate was determined by a 
modification of the Fiske and Subbarow method (5). The calcium was de¬ 
termined by precipitating the calcium as the oxalate from 10 ml. of the pro¬ 
tein free filtrate at a pH of approximately 6.0. This was accomplished by 
use of an ammonium hydroxide—ammonium oxalate mixture, 2 ml. of which 
just neutralized 10 ml. of the serum filtrate when methyl red was used as the 
indicator. The calcium oxalate was then washed and titrated with potassium 
permanganate. 

Ten ml. of the calcium free filtrate corresponding to 1.66 ml. of serum 
were used for the determination of the magnesium. The data for 1934 were 
obtained by use of the Greenberg and Mackey (6) method while those of 
1936 were obtained by the magnesium ammonium phosphate method de¬ 
scribed below. The magnesium ammonium phosphate was precipitated by 
adding 0.5 ml. of 10 per cent ammonium phosphate solution and 2 ml. of 
concentrated ammonium hydroxide to 10 ml. of the Ca free filtrate in a 15 
ml. centrifuge tube. The tube was then stoppered and vigorously shaken. 
After a few minutes the stopper was removed to allow any fluid to run back 
into the tube and the tube again stoppered and left for 24 hours. The pre¬ 
cipitate was then centrifuged down and the supematent fluid discarded 
after which the tube was allowed to drain. The precipitate was then washed 
with 3 mi. of a 1: 2 dilution of ammonium hydroxide. After the second cen¬ 
trifugation the tube was drained dry and the top wiped with a clean cloth. 
The phosphorus was then determined and the magnesium calculated from 
the phosphorus value. This method was checked against standard solutions 
of magnesium and compared with the Greenberg and Mackey method on 
blood filtrates with satisfactory results. 

RESULTS 

In table 1 are given the calcium, magnesium and inorganic phosphate 
averages for data obtained in 1934 and 1936. 

TABLE 1 

Calcium , magnesium and inorganic P of cattle serum 



No. animals 

Mg, percent ! 
Ca i 

Mg. per cent 

Mg 

Mg. per cent 
Inorganic P 

Jan. 1934 ... 

6 

9.54 ! 

3.12 

5.11 

Aug. 1934 

34 

11.14 

4.33 

7.53 

Sept. 1934 

59 

10.12 : 

3.18 

5.84 

Jan. 1936 

97 

11.71 ; 

2.86 

6.02 

April 1936 

99 j 

10.31 ! 

2.81 

7.10 

July 1936 

59 : 

10.16 ! 

3.37 j 


Sept. 1936 

no 

9.34 { 

2.90 | 

6.50 
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These data show a definite increase in the summer values for the serum 
magnesium but offer no possible explanation. To rule out effects of age and 

TABLE 2 

Seasonal changes in scrum magnesium of individual animals 


January ! April j July | September 


Cow 

No. 

1 

_ 

Mos. 

Preg¬ 

nant 

Mg. 

Per 

cent 

Mos. 

Preg¬ 

nant 

«(?• 

Per 

I cent 

Mos. 

Preg¬ 

nant 

Mg. 

Per 

cent, 

Mos. 

Preg¬ 

nant 

1 .... 

2.55 

0 

2.78 

1 

i 3.03 

4 

! 2.75 

6 

o 

1 2.77 

j 0 

3.50 

0 

3.63 

0 

2.78 

1 

3 

| 2.92 

! ” 

3.21 

0 

3.41 

0 

2.81 

0 

4 ... 

; 2.81 

9 

2.80 

0 

j 3.97 

o 

3.24 

4 

5 .... 

3.42 

0 

2.18 

, 1 

| 4.04 

4 

3.23 

6 

6 

1 3.03 

3 

3.39 

0 

, 3.38 

9 

3.07 

0 

7 . 

2.33 


3.07 

5 

i 3.85 

8 

3.23 

0 

8 . 

j 2.72 

| 3 

3.39 

5 

; 4.17 

8 

2.83 

0 

9 . 

i 2.94 

1 0 

2.05 

3 

3.27 

6 

2.91 

8 

10 . 

3.13 

8 

2.71 

0 

! 3.85 

o 

2.80 

<> 

11 

2.00 

0 

2.73 

<> 

4.10 

5 

2.84 

7 

12 

2.05 

i X 

2.59 

0 

4.03 

o 

2.94 

4 

13 

. 3.09 

i 0 

2.85 

i> 

i 3.73 

5 

2.70 

7 

14 

3.15 

9 

2.92 

0 

i 3.70 

o 

2.91 

4 

15 

2.92 

i 3 

3.00 

0 

• 5.41 

9 

3.11 

0 

10 ... 

! 3.71 

1 i 

2.85 

4 

; 4.42 

7 

3.03 

9 

17 . 

| 2.47 

3 ! 

3.36 

0 

j 3.76 

o 

2.74 

0 

18 

2.79 

o | 

3.11 

3 

4.04 

6 

3.11 

8 

19 . 

1 2.43 

1 1 

3.01 

4 

4.42 

7 

3.12 

0 

20 

2.30 

6 j 

2.08 

9 

4.08 

0 

2.40 

1 

21 

' 2.53 

3 | 

3.02 

0 

3.13 

0 

2.92 

0 


i 2.80 

3 

3.84 

4 

1 3.89 

7 

3.03 

9 

23 

2.09 

0 i 

2.92 

0 

* 4.06 

0 

2.73 

0 

24 

2.58 

4 ! 

2.71 

7 

j 4-^X ! 

1 9 

! 2.39 

0 

25 

2.31 

s i 

2.84 

S 

! 3.21 

! o 

2.69 ! 

0 

20 . 

: 2.55 

o ; 

2.00 

0 

j a.4i ; 

; o 

3.01 | 

0 

27 . 

2.07 

8 

2.75 

0 

3.95 | 

! - i 

3.19 

4 

28 . 

2.58 

8 1 

2.73 

1 0 

3.08 

>1 

2.43 

4 

29 . 

2.30 

a ! 

3.21 

n 

1 3.95 i 

*> 

2.04 

4 

30 . 

2.91 

: 9 ! 

3.08 

0 

; 3.59 ; 

k> 

2.84 | 

4 

31 . 

2.63 

! 9 ! 

5.30 

0 

• 3.99 

3 

3.00 i 

5 

32 

, 2,82 

9 

2.80 

0 

! 3.97 i 

3 ! 

2.88 ! 

5 

33 . 

2.86 

0 

2.92 

0 

; 3.93 

3 i 

2.85 

5 

34 

2.58 

o ! 

3.04 

0 

i 4.85 i 

2 i 

2.88 

4 

35 ... 

3.01 

0 

3.27 

0 

3.78 i 

2 i 

2.92 

4 

36 . 

2.95 

4 

2.75 

7 

4 22 

0 | 

3.09 ! 

0 

37 . 

3.30 

0 j 

2.88 

0 

3.91 ; 

3 i 

2.86 

5 

38 . 

'> 2.90 

0 1 

3.08 

0 

; 5.78 ! 

2 > 

2.81 

4 

39 . 

S 3.00 

0 

2.18 

3 

! 0.00 

6 1 

3.24 

8 

40 . 

! 3.00 

5 

2.98 

8 

' 3.57 ! 

0 ; 

3.13 

0 

41 . 

l 3.13 

9 

2.92 

! 0 

, 3.77 i 

3 ! 

2.95 

5 

42 . 

1 3.21 ; 

0 

3.18 

; o 

i 3.95 

5 s 

3.13 

7 

43 .. 

I 3.05 1 

2 

3.28 

5 

3.85 , 

8 

3.05 

0 

44 .... 

l 2,49 

0 

2.81 

0 

4.92 

l ; 

2.38 

3 

45 . 

! 2,76 

3 

2.23 

6 

4.00 

0 

3.00 ; 

0 

46 . 

j 2.60 

0 1 

3.09 

3 

| 3.73 ; 

6 

2.87 

8 

47 . 

2.77 | 

0 | 

2.86 

I o 

4.17 j 

3 

2.75 

5 

48 . 

1 2 - 76 ! 

0 1 

1 

2.78 

! ^ | 

!. «»_ J 

7 

2.66 

9 

Av. 

2.81 j 

1 2.95 f 

4.01 j 


2.91 
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gestation the serum Mg of 48 individual mature cows are shown in table 2. 
The magnesium value for the calendar month and the month of gestation, are 
shown in this table. Here the July value is much higher than any of the 
other three months. 

DISCUSSION 

The lack of any definite symptoms being associated with the hypermag¬ 
nesemia does not suggest that the temporary high serum magnesium exerts 
a deleterious effect on the animal. No subsequent data have been obtained 
on the blood chemistry of these animals as a group but control data obtained 
on animals maintained at the Institute show that as long as the animals are 
eating fresh green grass this degree of hypermagnesemia does not develop. 
During the August 1934 period the grass was extremely dry and sparse. 
There were rains in August and September and fresh grass grew which the 
animals were grazing at the time the September samples were taken. 

In 1936 the pastures were growing in September while they were very dry 
in July. Dry feed alone does not produce hypermagnesemia as cattle have 
been kept stabled and fed oats and alfalfa hay for long periods without caus¬ 
ing an appreciable rise in the serum magnesium. Other herds have shown 
similar tendencies for w T ide variations in the serum magnesium from month 
to month. 

A few preliminary experiments have been conducted to determine the 
effect of some salts on the serum magnesium of cattle and swine. In general, 
it has been found that sodium bicarbonate is very effective in raising the level 
of the serum magnesium. This may be a contributing factor in periods of 
drought when the feed is low in chlorides and phosphates. Just what the 
effect of a prolonged period of hypermagnesemia would be is problematical. 
The data in table 1 indicate that in these cases the calcium and magnesium 
in the serum varied independently of each other. Blood serum obtained from 
cattle in a moribund condition usually has both high calcium and high mag¬ 
nesium content. This appears to be an attempt on the part of the animal to 
compensate for an acidosis. 

An interpretation of the significance of variations in the level of serum 
magnesium is impossible at this time. The association of tetany with hypo¬ 
magnesemia is frequent. As far as could be observed the animals used in 
this study were normal. Information obtained in this investigation and data 
from other herds suggest that the level of magnesium in the blood stream is 
influenced by a large number of factors, most of which are of dietary origin. 

SUMMARY 

An increase in the level of the serum magnesium of dairy cattle has been 
found which is apparently due to drought conditions affecting the pasture. 

There appear to be no clinical symptoms associated with a temporary 
hypermagnesemia in cattle. 
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COMPARATIVE PHYSIOLOGICAL RESPONSES OF DAIRY 
CALVES FED RATIONS HAVING DIFFERENT 
LEVELS OF MILK PROTEINS 1 

<i. H. WISE,* W. E. PETERSEN and T. W. GVIAIOKSON 
Division of Dairy U us ban (try, University of Minnesota , St. Paut f Minnesota 

The early recognition of the failure of milk alone to support life, promote 
growth and foster other normal physiological functions in calves evoked 
many theories and stimulated much investigation. Although there is con¬ 
siderable established information on the subject, much pertaining to the 
inadequacy of milk for calves remains in the controversial stage. Foremost 
in this field of theory, as previously discussed (19), is the etiology of dis¬ 
turbed mineral metabolism of milk fed calves. Sjollema (15) postulated 
that this anomaly is one of the symptoms of toxemia resulting from the con¬ 
sumption of excessive amounts of milk protein. The work reported herein 
was designed primarily to compare the responses of calves fed excessive 
amounts of milk proteins with reactions of other calves fed rations of normal 
nutritive ratio. 

EXPEK1 MENTAL 

The experimental subjects and their grouping are indicated in table 1. 
The calves were paired, and subsequently one of a pair was allotted to each 
of the major groups, A and B. In this way it was possible to include the 
best and the poorest as well as the average in each group. 

All calves received a basic ration of whole milk. The nutritive ratio of 
the ration of group A (control) was widened normally as specified in feed¬ 
ing standards (4), table 2. This was accomplished by feeding whole milk 
in adequate amounts to provide the prescribed amount of protein and by 
supplementing with sugar (glucose) in quantities sufficient to raise the total 
digestible nutrients to the required standard level. On the contrary, the 
nutritive ratio of the ration fed to group B was narrowed as the calves 
increased in weight. Milk was fed on the same quantitative basis as to 
group A, but the additional energy needed was provided by supplementing 
with commercial casein instead of glucose. Thus calves of both groups 
received the same amount, of milk and approximately the same amount of 
total digestible nutrients per unit of body weight, but consumed decidedly 
different amounts of protein. 

All calves received additional vitamins and minerals. The supplements 
added and the age of the calf when they were first introduced into the 
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TABLE 1 

Supplements added to the milk rations of individual calves in each group and duration of experimental treatment 
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TABLE 2 

Standard for daily amounts of protein , total digestible nutrients 
and mineral supplements 


Body 

i 

| Digestible 

Nutrients 

j Nutritive 

Amounts 

of mineral supplements 

weight 

1 protein 

total 

i ratio 

Iron 

| Copper 

Hagncsium 

lbs. 

! lbs. 

lbs. 

1 ; 

mgs. 

j mgs . 

gms. 

100 

! 0.30 

1.50 

1 4.00 

300 

1 30 

1.244 

200 

0.50 

1 3.00 

: 5.00 

500 

50 

2.488 

300 

? 0.74 

| 5.27 

0.18 

700 

70 , 

3.732 

400 

0.80 

j 0.53 

0.55 

900 

90 

4.976 

500 

0.05 

i 7.30 

0.75 

1050 

105 

0.220 

000 

! 1.00 

; 7.00 

0.90 

1150 

115 

7.464 


dietary regimen are shown in table 1. The quantitative basis of the daily 
mineral supplementation is indicated in table 2, the mineral data of which 
are based on previous observations (o, 19). 

As indicated in table 1, several mineral supplements were omitted from 
the rations of calves in subgroups A-2 and B-2. All supplementary 
minerals and vitamins were withheld from the calf in subgroup R-3 until 
convulsions supervened. The purpose of these omissions was to determine 
the extent to which the absence of the supplements would accelerate the 
development of deficiency symptoms. 

The organic supplements, glucose, honey and casein, were given at the 
evening feeding. The glucose was dissolved in warm milk, which combina¬ 
tion was consumed readily. Feeding the casein involved somewhat greater 
difficulty, which increased as the calves grew older and received greater 
amounts of the supplement. 

Care and management were as previously reported (19, 20). Blood 
samples were drawn bi-weekly and analyzed according to procedures al¬ 
ready indicated (20). In addition, total nitrogen and 11011 -protein nitrogen 
(nitrogen in trichloracetic acid filtrates) of the plasma were determined 
by the semi-micro Kjeldahl method of Cavett (3). 

EXPERIMENTAL RESULTS 

The observations may be arbitrarily classified and considered under the 
topics of food consumption, growth, blood composition, health and autopsy. 

Food consumption —The appetites of all the subjects were erratic from 
time to time. This was especially true of the calves receiving casein, which 
was somewhat unpalatable. The periodic intake of total nutrients, though 
variable for individuals, was essentially the same for the two groups as a 
whole. The intake of calcium, phosphorus and magnesium was slightly 
greater in group B than in group A due to the small amounts of these 
minerals in the casein. In addition to the prescribed dietary constituents 
the calves consumed foreign material including wood shavings, hair, gravel 
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and cinders. There was no marked difference in the nature and the 
magnitude of the depraved appetites. 

Rate of growth —Considering the groups as a whole the difference in rate 
of growth was not marked. However, a study of the animals in pairs, as 
shown in figure 3, indicates with only one exception, E-252, that the casein- 



Fig. 1. Growth rate of individual valves. 


fed calves grew at a rate either equal to or greater than the sugar-fed 
calves. 

Composition of blood —As shown in figures 2 through 6, the most pro¬ 
nounced and the only significant difference observed in the composition of 
the blood of the two groups was in the nitrogeneous constituents of the 



Fig. 2 . Changes in composition o£*blood of calves, E-244 and E-245. 
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Fig. H. Changes in composition of blood of calves, lv-248 and K-249. 



ase m Days 

Fig. 4. Changes in composition of blood of calves, E-251, E-252, E-254 and E-257. 

plasma. Both the non-protein nitrogen and the protein nitrogen (difference 
between tile total nitrogen and the non-protein nitrogen) were higher and 
more variable in the casein fed calves than in the sugar fed calves. 

Sugar of the blood was essentially the same for both groups. In aecord 
with previous observations (19, 20) the values were relatively high. 

The plasma fat was not strikingly different in the two groups. Yet a 
comparison in the last periods of the experiment shows that the trends of 
the plasma fat tended to diverge slightly due primarily to the decrease of 
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Flo. 5. Changes in composition of blood of calves, E-250 and E-253. 



AsunPais 

Fig. 6 . Changes in composition of blood of calves, E-255, E-260 and E-246. 

the level in group B and the maintenance or slight increase in the level 
of group A. Concordant with previous results (19, 20), modifications of 
the fat intake were manifested in variations of the plasma fat. However, 
the change of plasma fat was not always commensurate with the alteration 
of the quantity ingested. 

There were no marked differences in the hemoglobin levels of groups A 
and B. As indicated in figure 5, honey apparently had sufficient minerals 
to maintain the hemoglobin well above the anemic level. The values in all 
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calves were rather variable especially during: the summer when the tem¬ 
perature was high. Whether or not the amount of water consumed played 
an important role iri the hemoglobin concentration is a matter of speculation. 

Calcium, inorganic phosphorus and magnesium of the plasma revealed 
no significant differences in the corresponding subgroups of the two major 
groups. Excluding group B~3 the calcium and the inorganic phosphorus 
were within the normal range for all subjects except E-252, in which calf 
the inorganic phosphorus attained an abnormally high level in the last 
stages of life. 

The plasma magnesium remained at a relatively uniform high level for 
all calves receiving the supplemental magnesium carbonate; whereas E-250 
and E-253 (figure 5) receiving no magnesium supplement revealed definite 
downward trends during the early spring but very little change during the 
summer. Two younger calves, E-255 and E-260 (figure (>) started in the 
spring, maintained a relatively high level throughout the summer in spite 
of the absence of supplemental magnesium. However, in early fall there 
was a downward trend in both calves and one of these, E-260, later died in 
the throes of a violent tonie-elonie convulsion, which was accompanied by 
hypomagnesei n i a. 

The changes iri the composition of the blood of E-24:G (figure 6), the 
only animal assigned to group B~3, merits individual consideration. Be¬ 
fore casein was introduced into the ration, both calcium and magnesium 
showed a marked downward trend, which subsequently was not perceptibly 
altered by additional milk protein. The reduction continued until the 
onset of tetany, which "was alleviated when the levels of calcium and 
magnesium were raised, respectively, by feeding cod liver oil and magnesium 
carbonate. After the restoration of plasma calcium and magnesium to the 
normal level, magnesium carbonate w r as withheld ami copper and iron in¬ 
troduced to ascertain whether or not their presence would aid in the 
maintenance of the magnesium level. The resulting marked drop in the 
magnesium and the slight rise in hemoglobin precluded further investiga¬ 
tion in this direction. The reintroduction of magnesium carbonate w r as 
followed by another rise in the plasma magnesium. 

There were several changes in the composition of plasma of E-246 
definitely associated with the introduction of casein into the ration, which 
dietary change also involved a reduction in the amount of milk fed. A 
decrease in the fat and an increase in the nitrogenous constituents followed. 
Nitrogen continued to rise until the consumption of casein decreased, 
resulting finally in total refusal of this supplement. 

Health and general well-being —The general appearance as manifested in 
type and in state of flesh was essentially the same for both groups. In 
contrast, the calves receiving the high protein rations maintained a sleeker, 
smoother coat but manifested more sluggishness and lethargy than the 
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animals receiving the normal nutritive-ratio ration. Furthermore, the 
casein-fed group evinced symptoms of digestive disturbances more fre¬ 
quently and profoundly than the sugar-fed calves. Additional differences 
were manifested in the fecal material; that from the high protein ration was 
gelatinous or pasty in consistency and putrid of odor, but that from the 
sugar supplemented ration was liquid and almost odorless. 

A peculiar action common to all was the tendency to contort the tongue. 
Whether or not this was symptomatic of a deficiency remains problematical. 

Convulsions were observed in only two animals, E-246 and E-260, both 
of which were receiving additional casein but were also restricted in mineral 
supplements, table 1. The tetanic state in the case of E-246 was preceded 
for several weeks by nervousness, hyperexcitability and dysphagia; whereas 
in the case of E-260 there were no premonitory symptoms. Except for the 
violence of the seizures there were no distinguishing characteristics in the 
tetany of the two calves. In E-246 the convulsions were frequent but 
relatively mild, but in E-260 the first observed attack was very severe, 
terminating in death. The difference in age of the calves probably was an 
important factor affecting the relative severity of the seizures. In com¬ 
parison with milk alone the additional casein did not seem to accelerate the 
onset of tetany. 

The ante-mortem symptoms of E-257 (group A-l) and E-252 and E-254 
(group B-l) inav be summarized in the order of development: sluggishness, 
humped pose, anorexia, drawn abdomen, stiffness, sensitive muscles, dyspnea, 
apparent abdominal pains, nasal discharges, weakness, lassitude and finally 
death. There was no evidence of either nervousness or tetany. 

Post-mortem findings —Gross examinations of E-252, E-254 and E-257 
revealed marked gastritis, enteritis and slight peritonitis. Evidently the 
etiology was nutritional, either directly or indirectly. The constant 
presence of the rough undigestible foreign material in the alimentary canal 
is one factor that probably was responsible for the initiation and subsequent 
aggravation of the observed catarrhal condition of the mucous lining of 
the abomasum and the duodenum. Slight abnormalities of the other 
organs apparently were secondary. 

In the case of E-260, the digestive organs appeared to be normal, but 
the heart was very hemorrhagic, lungs slightly congested, spleen hyper¬ 
trophied, gall bladder thick and leathery, and the kidneys somewhat de¬ 
generated. Tissue cultures of the heart revealed bacterial infection. The 
extent to which the diet was involved in the etiology is uncertain. 

DISCUSSION 

The pre-supplementation trends of several mineral constituents of the 
blood of older calves used in this investigation and post-supplementation 
changes are in accord with previous observations (19, 20). The immediate 
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responses to the mineral supplements were the same for both major groups. 
However, nearly all the magnesium values are slightly low in comparison 
with the results of other investigators. Since it has been shown that the 
presence of manganese interferes with the magnesium determination, it is 
possible that- manganese is partially responsible for some of the high mag¬ 
nesium values in the plasma of calves receiving this supplemental element 
in mineralized milk rations. 

The presence of supplementary glucose in the rations of group A had no 
obvious effects on either the blood sugar level or any of the inorganic 
constituents of the plasma. Though changes in blood composition might 
have taken place, the time, 15 hours, elapsing between glucose ingestion and 
blood extraction evidently was sufficient to permit reestablishment of a 
normal equilibrium and balance. 

As previously noted, the most striking difference between the blood 
constituents of the two groups, A and R, was the amount of nitrogenous 
constituents. The comparatively low levels of nitrogen in the plasma of the 
sugar fed calves may be attributed in part to two factors: first, a reduction 
of the nitrogenous constituents of the blood by a suppressive action of 
glucose (8, .11, 14) and second, the decrease in amount of protein consumed 
per unit of body weight. 

The quantitative differences in protein intake appear to be the principal 
factor contributing to the differences in the level of nitrogeneous constitu¬ 
ents of the plasma. On a dry matter basis the amount of protein in the 
rations of group A ranged from 27.3 per cent for the young animals to 
15.0 per cent for the older ones; whereas the corresponding range for 
group R was from 27.3 per cent to 54.0 per cent. The elevation of the 
nitrogen level of the blood with increased protein consumption is in accord 
with the observations of other investigators (1, l(i, 17). However, it is 
interesting to note that the casein increased not only the non-protein nitro¬ 
gen but also the so-called protein nitrogen of the plasma. The extent to 
which this increase was a direct result of the additional protein assimilated 
remains a moot question. 

The exceedingly high values of the nitrogenous constituents observed in 
E-246 and E-252 cannot be ascribed entirely to the intake of protein. Tu 
the case of E-252 the highest values were attained several days before death 
when the intake was nil. These observations support the contention of 
Mbllgaard as reported by Ritzman and Benedict (13) "that the physiolog¬ 
ical condition of the individual is a greater factor in protein utilization than 
the amount of protein ingested or even its character.” 

The high casein consumption changed not only the chemical composition 
of the blood but also altered the physical stability as manifested in the in¬ 
creased coagulability of the plasma when heated slightly and the greater 
tendency of the blood to clot when drawn. 
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In common with other animals calves need a relatively large proportion 
of protein in the diet in the early stages of life, the proportion needed 
presumably becoming less with advancement of age. Thus Sjollema (15) 
postulated that when older calves are restricted to a milk ration they are 
overfed with protein resulting in physiological disturbances involving 
alterations of the minerals of the serum. If this theory be true, it is 
reasonable to assume that the addition of proteins to a milk ration would 
greatly accelerate tlie onset of the disturbance of mineral metabolism. 
Contrary to this postulation, the feeding of excessive amounts of casein 
over a period of six months to calves of various ages apparently produced 
no marked changes in the mineral constituents of the plasma. 

Furthermore, the only case in which degeneration of any organs could 
be associated with high protein rations is that of E-260. Since bacterial 
infection was also involved, the etiology remains complicated. Apparently 
the death of the other calves, E-252, E-254 (casein-fed) and E-257 (sugar- 
fed) was caused primarily by the presence of indigestible foreign material in 
the alimentary canal. 

Though the results of this experiment are somewhat discordant with 
Sjollema’s theory, it is probable that the quality of the protein as well as the 
quantity should be considered. This point of view is substantiated by the 
results from feeding certain proteins of vegetable origin. Calves fed milk 
rations supplemented with alfalfa bay, the average nutritive ratio of which 
is 1:3.7 in comparison with 1:3.9 for whole milk, revealed no evidence of 
metabolic disturbances (2, 9, 12, 18). On the contrary Kuhlnmn (7) re¬ 
ported that when cottonseed meal was suspended in milk and fed to young 
calves, death invariably followed without any associated evidence of tetany 
(6). When linseed oil meal was fed in a similar manner, death did not 
ensue but the animals became very nervous and excitable. Sjollema and 
Seekles (16) observed that the administration of large quantities of peanut 
meal or gluten of wheat to cows produced changes in the mineral constitu¬ 
ents in the serum, which disturbance was accompanied by symptoms of 
intoxication. 

That the nature of the protein plays an important role in tetany is 
further evidenced (10) by convulsions produced in dogs fed diets in which 
gliadin was the sole protein, furnishing 16 per cent or more of the caloric 
intake. Another diet containing casein to the extent of 28 per cent of the 
caloric intake never caused similar reactions. 

The results as a whole do not indicate that milk proteins, casein par¬ 
ticularly, are the primary etiological factor in the abnormal mineral meta¬ 
bolism observed in calves restricted to milk rations. Though in some cases 
high casein consumption was followed by abnormal mineral metabolism, 
evidence that the disturbance was not induced by the milk protein per se 
is deduced from a consideration of (a) the absence, in one case, of several 
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mineral and vitamin supplements from the diet previous to the disturbance 
and the subsequent remedial effects of these supplements, (b) the failure 
of additional casein consumption to accelerate perceptibly the onset of dis¬ 
turbances in mineral metabolism, (c) the inconsistent relationship between 
variations in nitrogen constituents and in mineral content of the plasma, 
(d) the pathology, of the digestive tract, common to calves in both major* 
groups and (e) complications from bacterial infections. 

SUMMARY 

1. The responses of two major groups of milk-fed calves, one receiving a 
ration of normal nutritive ratio and the other of narrow nutritive ratio, 
were compared. 

2. All cal ves regardless of supplements possessed a depraved and 
erratic appetite. 

3. The consumption of abnormally large amounts of casein by calves did 
not adversely affect growth or general appearance, but induced lethargy and 
occasionally digestive disturbances. 

4. The most pronounced difference observed in the blood constituents of 
the two groups was in the plasma nitrogen, which was high in the calves re¬ 
ceiving the protein-supplemented ration and comparatively low in the sugar- 
supplemented. 

5. The results do not substantiate the postulate that milk proteins con¬ 
stitute the principal etiological factor in the disturbance of the mineral 
metabolism of milk-fed calves. 
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"NICKING” IN DAIRY CATTLE* 
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"Nicking” is a term sometimes used by breeders to convey the general 
idea that the results of some mating or group of matings were unexpectedly 
good. In such a case the sire and dam are said to “nick well.” More 
rarely the term may be used to mean that the results were unexpectedly 
bad, in which case the mates may be said to have “nicked poorly” or “not 
to have nicked well.” The term is rarely used in scientific writings because 
it lacks precision and because the situation it is intended to describe can 
have arisen from several very different causes. 

In the first place an offspring much better than either parent can 
result merely from the part which chance plays in Mendelian segregation 
and recombination. The Mendelian laws of inheritance lead to the ex¬ 
pectation that the most probable genotype of an offspring will be midway 
between the genotypes of its two parents, but that ail individual offspring 
may vary widely in either direction from this expectation. Chance in 
Mendel ran segregation and recombination may well he the most general 
cause of what breeders call “nicking” in cases which concern only one or a 
very few offspring. But because each gamete is an independent sample from 
the genotype of a parent, sampling errors tend to cancel each other in aver¬ 
ages and can rarely cause several offspring all to deviate from expectation 
markedly in one direction. 

A second genetic process which may lead to results breeders might de¬ 
scribe as “nicking” is that the genotype of one or both parents may be far 
better (or worse) than is supposed. The correlation between genotype 
and phenotype is never perfect and for many economically important and 
physiologically complex characteristics it is apt to be low. A genotype 
is known only indirectly and imperfectly from the phenotype of the indi¬ 
vidual and from the phenotypes of its offspring, ancestors and collateral 
relatives. Occasionally an animal \s genotype will really be much better than 
is estimated and the offspring from mating two such animals will delight 
the breeder so much that he may call it a case of “nicking” to express 
vividly his surprise at the result. This is apt to be the main cause of “nick¬ 
ing” where the case concerns a set of several full brothers and sisters. In 
such a ease increasing the number of offspring from that one mating would 
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not tend to decrease the evidences of * 4 nicking,” as would happen with 
increasing number of offspring if the cause were merely an unusual result 
of chance in Mendelian segregation and recombination. 

Errors in estimating the genotypes of parents would tend (if random) 
to cancel each other in estimating the average genotype of a number of 
parents, but not all errors in estimating genotypes are random. For ex¬ 
ample, a group of paternal half sisters are apt to be reared in the same herd 
under much the same conditions. If the special conditions which prevailed 
in that herd have affected producing ability more than is realized by the 
man who is estimating breeding values, the errors in his estimates will tend 
all to be biased in the plus direction (or all in the minus direction) and will 
not cancel each other very effectively with increases in the number of 
sisters involved. Errors in estimating genotypes from phenotypes may thus 
sometimes lead to “nicking,’* even when several parents are involved. 

A third possible cause of nicking is that genes in certain combinations 
may have effects very different from their average effects. Dev in t ions which 
other genes cause in the effect of a given gene are known technically as 
epistatie deviations or joint effects or non-additive combination effects. 
Illustrations of this sort of key-and-lock interaction are abundant in the 
field of mechanics, where the exact nature of each interaction can be seen. 
In fact the essence of a machine is that its parts are organized so that the 
machine as a whole can do things which its parts couldn't begin to do 
individually. Animals and plants are exceedingly complex machines and 
non-additive interactions of their genes perhaps may be as important among 
them as in deliberately designed but simpler machines like watches or 
automobiles. However plants and'animals may have been prevented during 
their evolutionary history from incorporating into their gene systems much 
important interaction of this kind because the combinations of genes are 
re-shuffled (within the interbreeding population) with each Mendelian 
segregation and recombination and for the preservation of the species it has 
been necessary that a fairly large proportion of all the new combinations 
be able to function well enough to survive and reproduce. This would have 
led to heavy selection against genes which would produce good results in 
certain special combinations but bad results in most of the combinations in 
which the Mendelian reassortment would throw them. Such genes thus might 
be kept individually so rare that desirable combinations requiring the 
simultaneous presence of several of them would scarcely occur at all in such 
finitely limited populations as dairy breeds. A priori arguments can thus 
be adduced both for and against supposing that epistatie gene interactions 
are important. To determine the truth about this will require actual experi¬ 
ments or at least, extensive observations properly interpreted. 

The outward sign of “nicking" from this third cause would be that the 
merit of a sire proved on one group of females would be quite different 
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from liis merit when proved on another group. Or it' several sires were 
involved, their order of apparent merit when proved on females of one group 
might be quite different from their order when proved on another group. 
This could be an important occurrence if it happened often that the cows in 
two or more groups mated to a sire were each genetically much like the other 
cows within the same group but distinctly different from the cows in other 
groups. However there is no effective way of getting groups of cows that are 
genetically uniform within groups hut that are contrasting from group to 
group, except by inbreeding in separate families more closely than is 
ordinarily practiced. Selection and assertive mating are almost powerless 
to achieve any appreciable group separation of this kind when the joint 
effect of two or more genes is involved, because the effect of one gene (A) 
cannot be entirely distinguished from the effect of another gene (B). It is 
thus doubly impossible to get one group homozygous for A and b and a 
eont resting group homozygous for a and B. 

Actual families within a breed usually differ from each other only 
moderately and each has much genetic variability. Because of this, even 
simple two-factor interactions requiring only the joint presence of two genes 
like A and B might be widespread in the population and yet the families 
would rarely be genetically uniform enough or contrast with each other 
enough that such “nicking” would attract much attention. Joint effects 
requiring the simultaneous presence of three or more genes would be even 
less likely to attract attention. 

These considerations make it seem unlikely that epistatie effects, even if 
they were known to be abundant and important in the population (and 
that is not clearly demonstrated although certain special cases are well 
known), would often be systematically biased enough to disturb sire proving 
seriously. Yet reports of eases where a sire was proved “good” on 
daughters of one bull but “poor” on daughters of some other bull, are heard 
from time to time among breeders.* 

The present article reports an investigation of the importance of “nick¬ 
ing” as expressed in the milk production and the butt erf at percentage of 
dairy cows. The data used were collected for another purpose. The pres¬ 
ent method of testing for “nicking” has not hitherto been applied to this 
end, so far as we know . Perhaps it w ill be useful in other cases. 

SOURCE OF DATA AND METHODS OF INVESTIGATION 

The data used in proving thirteen dairy sires in Kansas Dairy Herd 
Improvement Associations were studied. These sires included seven Hol- 
gteins, three Jerseys, tw r o Ayrshires, and one Guernsey. Each sire had at 
least two groups of daughters when the daughters were grouped according 

* See Heuser, 33. E., et ah Nicking in dairy cattle. Proo. Amer. Sot*. An. Prod, for 
1938, pp. 67-72, for some cases of the kind that occasionally are found in writings on 
animal breeding. 
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to their maternal grandsires. Members of each group were thus at least 
three-quarter sisters (a few were full sisters) inasmuch as they had the 
same sire and their dams were all by another sire. The number varied from 
group to group. Each sire had at least two main groups of daughters and 
some of them had several smaller groups ranging in size down to only one 
daughter in a group. The methods of analysis weighted these inequalities 
in group size in such a way as to use all the information in the data without 
bias from variations in size of group. 

All records used had been previously corrected to a mature equivalent 
basis by the Bureau of Dairy Industry. For bulls numbered 1 and 4 the 
records had been converted by the 70, 80 and 90 per cent basis, while records 
of the remaining bulls were corrected by the more recent Bureau of Dairy 
Industry factors. The high record of each daughter and of each dam were 
used for all bulls proved except in the case of bulls numbered 7 and 10, for 
which the average of ail records were used. 

Tables 1 and 2 show the analysis of variance* pertaining to differences 
in milk production and in butterfat percentage between daughters within 
the various maternal grandsire groups and also between the means of those 
groups. This analysis merely asks of these data: Are the differences be¬ 
tween these groups of daughters more than would be expected from the 
amount of variation found between daughters which are in the same group? 
Some group differences of this kind would be expected, even if all genes 
interacted additively, since it is hardly possible that all the various maternal 
grandsires would have been equal in their breeding values. The dams of 
some groups of daughters would have been higher producers than the 
dams of other groups. This difference in the productive levels of the groups 
of dams would need to be discounted. Only if the group differences be¬ 
tween the daughters were unexplained by the differences in the records of 
their dams would there be evidence of “nicking.” As one way of discount¬ 
ing the effects of differences between dams, an intermediate index (Index 
= twice daughter’s record-dam’s record) was figured for each daughter 
and dam pair concerned in proving the sire. Then the. index thus derived 
was used in place of the daughter’s record in an analysis otherwise just like 
that described in the preceding paragraph. This left the grouping the 
same as when the daughters’ records were used. Again the variance found 
between the groups was compared to the variance found within the groups. 
The results are shown in tables 3 and 4. 

There being some question as to whether in using the index in this 
way errors from Mendelian segregation, from effects of environment, etc.* 
would be thrown equally into the mean square between groups and that 
within groups, a third method of analysis, which it was thought would 

* Bee Bnedecor, G. W., 1938. Statistical methods applied to experiments in agricul¬ 
ture and biology. Collegiate Press, Inc., Ames, Iowa. See especially pp. 179-307. 
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“nicking” in dairy cattle 

minimize the effects of these errors, was tried. It consisted of subtracting 
from the variance that part which could be explained by the linear regression 
of the daughter's record on her dam’s record. (For an example of this 
method, see pages 249-252 and table 12.3 of Snedecor, 1938.) That 
analysis was carried out for the two sires having the most daughters and 
the most, groups of daughters (sires number 6 and 8) but was not extended 
to the others as it seemed to give results not very different from those of the 
other two analyses. Table 5 summarizes the results obtained with this 
method. 

TABLE 5 

Results of tests of significance between dauphin' groups of sins 0 and S adjusted 
for differences in production of dams 



Mean square of 
data 

adjusted 


Comparative P 

values* 

Sire number 

For test of 
significance 1 

_ L 

Within 

groups 

(error) 

P 

From aver- J 
age of j 

daughter’s 
method 

From 

index 

method 

0 (milk) 

! 9LM.ru; 

494.35 

1 .SO 

2.25 

1.83 

(fat percent > 

.0748 

.0700 

1.03 

1.03 

1.44 

8 ('milk) 

401.fi- 

134.00 

3.00 

3.21 

3.99 

(fat percent) 

.0319 

.0428 ; 

i 3.34 

1.18 

.1.48 


* The F values listed for comparison are taken from Tables 1, 2, 3, and 4. 


RESULTS AND DISCUSSION 

The F values in table 1 show considerable variation. For example, 
hull number 1 had 11 daughters divided in 6 groups and the average milk 
production of these groups ranged only from 10,100 pounds to 13,800 pounds. 
The mean square (variance) within groups was 977 as compared to 329 
between groups. A constrast is presented by the data concerning bull 
number 8. The means of the various groups of his daughters range from 
10,800 to 18,400 pounds. The mean square between groups is 3.21 times as 
large as that within groups. The F value would be statistically significant 
(F«3.07 at the 5 per cent level) if it stood by itself but we have singled it 
out here for illustration after we knew that among 12 possibilities bull num¬ 
ber 8 offered the most extreme contrast to bull number 1. Therefore, its 
significance is not definitely established. For 9 of the 13 bulls the mean 
square between groups exceeds the mean square within groups but the differ¬ 
ences are erratic and are not large, except for the two bulls just discussed. 
Table 1 by itself merely hints at the existence of group differences without 
proving them and it does not begin to prove that they are larger than might 
be expected after allowing for the differences between the groups of dams. 

When the intermediate index for milk production was used instead of the 
daughter's record, the range increased for most bulls* The mean square 

# This of course is to be expected, unless the records of daughter (D) and dnm (M) 
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between groups only exceeded the mean square within groups 5 (instead of 
9) out of 13 times. Again the ratios between the respective mean squares 
were the greatest for numbers 1 and 8 with these showing opposite trends. 
The evidence thus suggests that even the faint hint of group differences 
which table 1 seemed to show may all be explained by observed differences 
between the dams with little (if any) residue left to be ascribed to “nicking.” 

The butterfat percentage of the daughters, grouped according to their 
maternal grandsires, showed variations that appeared in certain cases to be 
rather large (table 2). For example, bull number 6 with 28 daughters 
and 10 groups had group averages ranging from 2.97 per cent to 3.48 per 
cent. Yet the mean square within groups was almost the same as that 
between groups. Numbers 3 and 5 showed unexpectedly uniform group 
averages, each bull having a variance within the groups which would be 
significantly larger than the variance between the group means if the evi¬ 
dence on them stood alone. For each of these sires the groups of daughters 
differed less than would be expected if each group of daughters were a 
random set from a single population. For only 6 out of the 13 sires was the 
variance between groups greater than that within groups. Evidence of 
definite differences between groups was lacking. 

As with milk production, the use of the index for butterfat percentage 
widened the range (table 4) in the means of the maternal gramlsire groups 
as compared to the range shown when the butterfat percentage of only the 
daughters was considered. In only 4 cases (sires 1, 2, 6, and 12) out of the 
13 was the value of the mean square between the groups greater than that 
within groups. As with milk production the discounting of differences be¬ 
tween dams, as far as the index accomplishes that, makes the evidence for 
group differences appear even scantier than it did wlien the daughters’ 
actual records were used without regard to the records of their dams. 
There is no definite indication here of any epistatic “nicking” in butterfat 
percentage. 

Theoretical considerations lead us to expect that even if non-additive 
interactions between genes w T ere abundant and important, such outward 
evidences of “nicking” as w r ere being sought here w r ould not be conspicuous 
in populations bred as dairy cattle usually are. They might still be im¬ 
portant in crosses between breeds or between inbred lines. Hence these 
data tell little about whether non-additive interactions of genes which 
affect milk production and fat percentage are rare or abundant and im¬ 
portant. They do indicate (subject to the limitation that only a few sires 
were studied) that in proving dairy sires with the kind of data usually 

were perfectly correlated. The formula for the index (I) is: I = 2D - M. From the 
well-known formula for the variatio n of a difference it follow s that 
<yl = V 4<j*d + (^m -2r»>t <t2D <jM' 

which when <jD is equal to oM, reduces to: _ 

<jl = oD V 5 - 4r UM 
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encountered, “nicking” is not often important enough that the pedigrees 
of the dams need consideration if the records of the dams are taken into 
account. 

SUMMARY 

The records used to prove 13 bulls in Kansas Dairy Herd Improvement 
Associations were examined by the analysis of variance to see whether there 
were significant differences among the daughters of each bull when the. 
daughters were grouped according to their maternal graudsires. 

For 9 bulls out of 13, the variance in milk production between groups 
exceeded the variance within groups. 

The mean square for the sire's index for milk production was larger 
between groups than within groups in only 5 out of 13 cases. 

In 6 out of 13 cases the mean square for butterfat percentage was larger 
between the groups than within the groups. 

As concerns the sire index for butterfat percentage, the variance between 
groups exceeded tlie variance within groups in only 4 cases out of 13. 

Using linear regression to correct daughters’ records for differences in the 
records of their dams gave results similar to those secured by the other two 
methods. 

The data from these 13 hulls gave no indication that “nicking” is 
generally important enough to need much attention when proving sires. 
Differences between groups could easily have been due to chance variation 
in the sample of inheritance transmitted hv the bull, or to differences in the 
environments that affected the different groups of* daughters when their 
records were made. 
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Jones, Ei'kies and Palmer (30) were among the first investigators to 
demonstrate the necessity of vitamin A for the proper nutrition of dairy 
calves. Bechdel, Eckles, and Palmer (1), and Converse and Meigs (3, 4, 
12) submitted further evidence that calves require carotene or vitamin A. 
Hart and Guilbert (9) observed vitamin A deficiency in range cattle under 
natural conditions. Guilbert and Hart (7) found that about twenty-nine 
micrograms of carotene as it exists in alfalfa hay per day per kilogram of 
body weight prevented or cured vitamin A deficiency in cattle. Guilbert, 
Miller, and Hughes (8) working with cattle, sheep, and swine confirmed the 
above findings and reported that 25 to 30 micrograms of carotene daily per 
kilogram body weight, or (i to 8 micrograms daily of vitamin A was just 
sufficient to prevent night blindness. Kuhlman, Gallup, and Weaver (11) 
found a commercial preparation of carotene dissolved in cottonseed oil to be 
an effective source of vitamin A for calves. Soldatenkiv (15) stated that 
feeding carrots to calves apparently accelerated recovery from respiratory 
diseases and built up resistance to infection. 

In connection with investigations at the Pennsylvania Experiment Sta¬ 
tion (5) calves have been observed to become blind and to exhibit other 
symptoms of vitamin A deficiency while receiving levels of carotene intake 
(from timothy hay) in excess of that stated by Guilbert and Hart (7). 
Further investigations were, therefore, undertaken witli the object of secur¬ 
ing additional information regarding the carotene requirements of growing 
dairy cattle and to study the utilization of carotene from different sources 
of feed stuffs. 

METHOD OF ESTIMATING THE CAROTENE CONTENT OF FF.EDSTUFFS 

For the determination of carotene in the feedstuffs the Struve modifi¬ 
cation of the Guilbert method (6) was used. This method differed from the 

Received for publication June 28, 1939. 

i Authorized for publication on June 23, 1939, an paper No. 911 in the Journal Series 
of the Pennsylvania Agricultural Experiment Station. The data presented in this paper 
are taken from a thesis submitted by Ruel E. Ward to the Graduate School of The Penn¬ 
sylvania State College in partial fulfillment of requirements for the degree of Doctor of 
Philosophy. 
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Guilbert procedure in that half saturated methyl alcoholic-potassium hy¬ 
droxide was used for the digestion and saponification, and also in that abso¬ 
lute methyl alcohol was added to the ethyl ether solution and then the ether 
evaporated off on a water bath at 65° C. instead of evaporated to dryness in 
vacuo as in the Guilbert method. The final petroleum ether solution of 
carotene was compared to a standard potassium diehromate solution. 

In order to check on the accuracy of this method of carotene estimation, 
biological assays were also made on a number of samples of the hays. The 
results indicated a satisfactory agreement between the values obtained by 
the two methods of assay. 

GROWTH OF CALVES RECEIVING DIFFERENT LEVELS OF CAROTENE INTAKE 

The object of this phase of the investigation was to compare the effect 
of different levels of carotene intake oil the growth and well-being of voung 
calves. Grade Holstein calves (ten bulls and three heifers) were used as 
the experimental subjects. Mow-burned brown alfalfa hay containing only 
1.3 micrograms of carotene and dehydrated alfalfa containing 65 micro¬ 
grams of carotene per gram were used as sources of carotene. These hays 
were mixed in such proportions that mixtures containing 1.3, 4, 9, 17, and 
65 micrograms of carotene per gram were available for the feeding tests. 

The calves were housed in a modern barn which was equipped with a 
heating and ventilating system. This equipment made it possible to main¬ 
tain fairly uniform experimental conditions throughout the winter months, 
and prevented barn temperatures lower than 28° F. During the summer 
months the calves were turned out in a dry lot for several hours each day. 
A concentrate mixture, made up of feeds of low vitamin A content, but con¬ 
taining 11.3 per cent digestible crude protein and 69.9 per cent total digesti¬ 
ble nutrients was used. The constituents were wheat bran, “Banner” oat 
feed, barley, linseed oil meal, molasses, salt, and irradiated yeast. All calves 
were fed whole milk during the first three weeks on experiment, after which 
skimmilk was fed. The concentrate mixture was supplied to the animals 
according to their appetites. Water and salt were supplied ad libitum. The 
hay was kept before the calves at all times, but the animals were usually 
40 to 50 days old before appreciable amounts were consumed. 

The carotene contents of the various hay mixtures fed as well as gains 
in body weight of the respective animals are shown in figure 1. While gain 
in weight of the animals was the chief criterion used to determine adequacy 
of carotene intake, close observations were made for other symptoms of 
Yitamin A deficiency. The carotene content of the blood serum was run at 
two-week intervals. The Palmer method as modified by Connor (2) and 
later by White and Gordon (16) was used for these blood carotene determi¬ 
nations. 
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DATA 

In order to conserve space, the data obtained in this phase of the investi¬ 
gation have been reduced to graphic form and are presented in figure 1. 



DISCUSSION 

Examination of the data presented in figure 1 show dearly that increases 
of carotene intake within the limits of this experiment did not result in 
increased growth of the calves. Even at levels of intake much below’ the 
reported minimum the growth continued normal for some time and was not 
greatly affected until the avitaminosis A reached an advanced stage. This 
may suggest that decreased growth rate frequently reported may be caused 
by intestinal, respiratory or other disturbances which so frequently accom¬ 
pany vitamin A deficiency. The average growth rate of two calves (Calves 
448 and 450) which received the hay containing (>5 micrograrus of carotene 
per gram was no greater than the growth rate of calves (Calves 445 and 
453) which received the hay containing only 1.3 micrograms, although this 
latter hay supplied only 4 to 8 micrograms of carotene per pound body 
weight per day. Several of the calves that received the carotene poor hay 
exhibited other symptoms of vitamin A deficiency. Distinct papillitis was 
observed in the eyes of calves 445 and 453 when they were several months 
of age. Calf 453 developed night blindness when approximately six months 
of age and calf 445 manifested several of the spasms which occasionally 
accompany vitamin A deficiency. Calf 452 was given from 0.6 to 0.8 gram 
of fortified cod liver oil daily and calf 451 was given from 0.6 to 0.8 gram 
of a carotene supplement: for several months after they were placed on 
experiment. These supplements raised the vitamin A intake of the two 
calves to an equivalent of 10 to 12 micrograms of carotene per pound body 
weight per day. When these supplements were discontinued, calf 452 be¬ 
came permanently blind in about eleven weeks and calf 451 developed a 
severe nervous disorder. The administration of the carotene concentrate 
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at this time was not effective in promoting any noticeable improvement in 
the condition of calf 451 while calf 452 did show a slight improvement in 
general condition. 

With the exception of calf 435 which did not consume much hay (0.6 
pound per 100 pounds body weight per day), the hay with only 4 micro- 
grams of carotene per gram was just as satisfactory as hays of higher caro¬ 
tene content in preventing vitamin A deficiency and in promoting growth. 
For these calves this hay supplied approximately twenty micrograms of 
carotene per pound live weight per day. No immediate benefit was observed 
as the result of feeding hays of higher carotene content. 

Calves 445, 453, 451, and 452, that received the hay containing only 1.3 
inierograras of carotene per gram, always maintained less than .01 milligram 
of carotene per 100 cc. of blood scrum. When calves 451 and 452 received 
their respective vitamin A supplements, the blood serum contained .01 to 
.015 milligram carotene per 100 cc. serum. Calves 443 ami 446 had blood 
serum values ranging from .01 to .02 milligram when fed hay containing 
4 micrograms of carotene per gram. In the case of those calves fed hays 
with higher carotene content, the minimum blood value was .02 milligram 
per 100 ec. of serum. It is of interest to note that the blood serum value 
of calf 435 dropped to approximately .0025 milligram per 100 cc. When 
hay containing 17 micrograms per gram was fed, the blood carotene rose 
very rapidly to a level of .03 milligram per 100 cc. of serum. The blood 
serum of all calves usually dropped appreciably for the first few weeks after 
birth. After this period there was a general increase in blood serum caro¬ 
tene as the age advanced even at minimum levels of carotene feeding. 

AVAILABILITY OF CAROTENE FROM DIFFERENT SOURCES 

This phase of the investigation was designed with the view of determin¬ 
ing the biological value of carotene from different plant sources. In these 
studies, twelve Holstein and seven Guernsey calves were used as experi¬ 
mental subjects. These animals were so distributed in the different experi¬ 
mental groups as to permit a comparison of the carotene requirements of the 
two breeds. 

The concentrate mixture used was identical with that employed in the 
previous experiment. All but three of the calves received whole milk dur¬ 
ing the first few weeks of the experiment, after which they received skim- 
milk until approximately five months of age. Three calves, two Holstein 
and one Guernsey, were changed to skimmilk within a few days after birth. 
Two of these were supplied with a commercial carotene supplement and one 
calf was supplied with fortified cod liver oil The following feedstuffs were 
used as sources of carotene: alfalfa hay, timothy hay, alfalfa molasses silage, 
corn silage, yellow corn meal, and carotene concentrate (carotene in cotton¬ 
seed oil). A fortified cod liver oil was also fed as a source of vitamin A. 
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When* the amount of hay fed was limited or where no hay was fed addi¬ 
tional roughage was supplied to the calves in the form of beet pulp or wheat 
straw. An attempt was made to keep the calves growing and in the best 
possible state of health. All animals were weighed at weekly intervals and 
these weights were used in calculating the carotene and the food require¬ 
ments of the respective animals for the succeeding week. 

In these studies, changes in the fundus of the eye were used as a criterion 
of vitamin A deficiency. These changes were observed by means of an oph¬ 
thalmoscope used according to the procedure reported by Moore (13, 14). 
Following a period in which the calves received a sub-minimal vitamin A 
intake, papillitis as well as other changes in the eyes appeared. These 
changes could he readily detected as they appeared but some difficulty was 
experienced in determining just when the calf was again receiving sufficient 
vitamin A. It had been observed in earlier work at this station (5) that 
the pupil of the calf's eye became dilated and lost its ability to contract on 
exposure to a bright light when the animal bad been receiving a vitamin A 
deficient diet. When sufficient carotene or vitamin A was supplied to such 
calves, the pupil usually recovered its ability to contract. Therefore, in 
these studies, the dilation of tlie pupil was also used as a measure of vita¬ 
min A deficiency. In addition, the appearance of night blindness, digestive 
disturbances, respiratory disturbances, and the carotene of the blood were 
considered in evaluating results. 

The calves were supplied carotene from one of the above mentioned 
sources at a definite level for several weeks. If no deficiency was noted the 
level of carotene intake was lowered progressively until a deficiency was 
observed. The level of carotene intake was then raised progressively until 
the deficiency symptoms disappeared. 

RESULTS 

The data obtained concerning the requirement of individual calves for 
carotene from the different sources have been summarized and are presented 

TABLE 1 

Level of carotene intake above which wo symptoms of vitamin A 
deficiency were obst rvrd 

body weight daily 

Guernsey 

21 
15 


33 

13 
19 

* Calculated by assuming one U.S.P. unit equal to 0.6 gamma of carotene. 


Feedstuff 


Mierograms per poii 
Holstein 


Timothy hay. 

Alfalfa hay . 

Alfalfa molasses silage . 

Corn silage . 

Carotene concentrate. 

Yellow corn meal . ; . 

Fortified cod liver oil* (vitamin A) 
Fortified cod liver oil plus hay* 


19 

14 

33 

17 
11 

18 
13 
23 
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in table 1. The data are expressed as the number of micrograms of caro¬ 
tene per pound body weight per day required to cure or to prevent vitamin 
A deficiency. The micrograms of vitamin A from fortified cod liver oil are 
calculated from the manufacturers guaranteed minimum by assuming that 
one U.S.P. unit is equal to 0.6 gamma of carotene. 

In table 2 the amounts of carotene in the blood serum of the above calves 
while receiving the various carotene intakes are presented. 

TABLE 2 

Blood scrum carotene in relation to carotene intake 


Moan blood so rum carotene** 


Daily carotene intake*** . 

5-10 ; 

10-15 

j 15-20 | 

20-30 

30-50 

. .. . . 

50-400 

Source of carotene 

j 


| ! 




Timothy liay .. 

Trace i 

.005 

.008 l 

.015 



Alfalfa hay . 

Trace : 

.006 

! .008 i 

.015 

.03 

.03-.22 

Alfalfa molasses silage . 


.004 

! .014 

.015 

.01 


Corn silage . 


.005 

! .006 

.008 | 



Carotene concentrate . | 

Trace 

.009 

, 

I 



Yellow corn meal . i 



.014 

1 



Fortified cod liver oil . 


.005 

: .01 




Fortified cod liver oil plus hay . j 

j 

.003 

.005 . 

j 



Average of all feeds . 

Trace i 

.0053 

i .008 ; 

.014 | 

.02 

.03-.22 


** Mgms. per 300 ec. serum. 

*** Micrograms per pound body weight. 

In eight cases (four Holsteins and four Guernseys) respiratory and 
intestinal disturbances appeared when calves were receiving sufficient caro¬ 
tene to prevent papillitis. The fotlr Holstein calves made a favorable re¬ 
covery when their carotene intakes were increased by only a few (5-15) 
micrograms daily. Two of the Guernsey calves also recovered completely 
when given increased amounts of carotene. On the other hand when the 
remaining two Guernsey calves were treated with Bismo-Pepsol compound, 
they failed to recover. An autopsy on one of the latter calves revealed a 
severe fibrinous pleurisy accompanied by a purulent exudate in the pleural 
cavity. In the more acute areas of inflammation numerous areas of emphy¬ 
sema were present. In the areas with a pneumonia of longer duration there 
were many abscesses. The intestines were full of food and did not appear 
to be inflamed although the calf manifested a severe case of diarrhea. It 
may be significant that at about the same time a number of pure bred calves 
in the College herd developed a similar type of intestinal and respiratory 
disorder when only a few days of age, A study of the rations of the dams 
of these calves indicated that a deficiency of carotene might be responsible. 
Following these observations a commercial carotene concentrate was adminis¬ 
tered to all calves during the first few weeks of their lives with favorable 
results. 
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The carotene requirements of some of the calves appeared to be slightly 
higher in cold than in mild or moderate weather. In the ease of four Hol¬ 
stein calves and one Guernsey calf maintained at minimum levels of caro¬ 
tene intake, it was observed that these animals showed increased evidence of 
vitamin A deficiency following a cold spell and that marked improvement 
followed when the weather again moderated. More marked evidence of this 
increased requirement might have been observed had the experimental barn 
not been equipped with a heating and ventilating system which made it 
possible to maintain a temperature around 50° F. during the winter. The 
barn temperature never dropped below 28° F. and seldom went above 60° 
F. except in the summer months. 

Observations made on some of the calves indicated the presence of a mild 
vitamin A deficiency between the time when the whole milk feeding was dis¬ 
continued and when appreciable amounts of bay were consumed. One calf 
was supplied with the carotene supplement and another was supplied with 
fortified cod liver oil during this period. These calves showed some evidence 
of better health during this period than those that received no supplement. 
However, no permanent benefit from this supplementation was observed as 
the calves receiving hay alone seemed to be in about as good condition at 
the age of four months as those which had received the supplement. 

DISCUSSION OF RESULTS 

The data obtained in these studies reveal wide variations in the carotene 
intake necessary to protect different animals against vitamin A deficiency. 
The requirements of some animals appear to be much higher than others 
even when consuming similar rations. Some of the animals on timothy hay 
were apparently protected by a daily intake of 14 micrograms of carotene 
per pound body weight, whereas others required 10 micrograms. Similar 
results were obtained with other feed stuffs with the exception that as the 
biological value of the carotene in a feedstuff increases the range apparently 
becomes narrower. Similar variations were also observed in the amounts 
of carotene from different carriers necessary to prevent the symptoms of 
vitamin A deficiency. These results can be better understood by examining 
table 1 which summarizes these data. Of the various sources of vitamin A 
tested the carotene concentrate appears to be the most efficient source as 
levels of 11 micrograms of carotene protected all animals excepting one 
Guernsey. The fortified cod liver oil and the alfalfa hay were almost as 
efficient. With timothy hay as the carrier the requirements were appreci¬ 
ably higher, an intake of 19 mierograms being necessary for all the animals. 
The carotene of corn silage and of corn meal was utilized as efficiently as 
that of timothy hay. The requirement for the carotene from alfalfa mo¬ 
lasses silage was much higher, a level of 33 mierograms being necessary for 
complete protection in all animals. 
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In any attempt to explain tlie above variations in experimental results, 
several possibilities suggest themselves. Apparently there is a wide vari¬ 
ation in the ability of the animals to utilize the carotene from the same 
source. This being the ease, one would also expect a wide variation in the 
ability of the animals to use the carotene from different sources. A study of 
the blood carotene values and a general study of the problem indicates this 
to be at least part of the explanation. It appears logical to assume that 
some of the substances in alfalfa silage measured as beta carotene were caro¬ 
tene degradation fractions or other related pigments that have no biological 
value. The data show that the carotene requirements from these sources 
were higher than from other carotene carriers. It is also conceivable that 
part of these pigments may have been carried into the blood and were 
measured there as carotene. 

An unexpected result was obtained with the fortified cod liver oil, in 
that the requirement appeared to be lower when the oil was fed with little 
or no roughage than when it was fed with roughage. These results may have 
been caused by an increased rumination as well as other digestive activity 
following the feeding of roughage of poor quality. This increased rumina¬ 
tion may have resulted in the destruction of part of the vitamin A of the 
cod liver oil before its passage into the absorptive mechanism of the body. 

The data on blood carotene (table 2) indicate that when the serum caro¬ 
tene falls below 0.01 milligram per 100 ce. of serum marked symptoms of 
vitamin A deficiency are likely to develop at an early date. However, when 
the serum carotene drops below this value it is difficult to estimate carotene 
with a satisfactory degree of accuracy. When the value is 0.02 milligram or 
higher, the animal is usually receiving sufficient carotene for normal growth 
and well-being. Results obtained in treating intestinal and respiratory dis¬ 
eases indicate that the optimum requirement may be a few micrograms 
greater than indicated by the appearance of the eye. It also seems that a 
lowered vitality due to a vitamin A deficiency may have a bearing on the 
susceptibility of calves to scours and pneumonia. The results, however, 
show that intakes more than a few micrograms higher than indicated as 
sufficient by the appearance of the eye are of no further immediate use to 
the calf so far as growth is concerned. Higher intakes of carotene, on the 
other hand, may result in greater storage of vitamin A in the body tissues. 

A comparison of the data on the two breeds (table 1) indicates that the 
Guernseys have a slightly higher carotene requirement than the Holsteins, 
but the difference between the breeds is much less than the differences be¬ 
tween individuals within the breeds. In a few instances Holsteins appear 
to have the higher requirements, but the reverse is more often the ease. 
When a fortified cod liver oil was used as the source of vitamin A, the vita¬ 
min A requirements of the Guernseys were no higher than those of the 
Holsteins. 
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SUMMARY 

The data obtained in this series of studies show that the minimum caro¬ 
tene requirement of growing calves is eleven micrograms per day per pound 
body weight. This level of carotene intake was sufficient to maintain growth 
and to prevent the usual vitamin A deficiency symptoms. The adequacy of 
this amount of carotene, however, depends upon the source of supply of 
carotene. 'While it appears desirable that the intake should be considerably 
above this amount it was surprising to find that increases above that level 
did not result in marked improvement in growth rate. 

The order of availability of carotene to calves from the various sources 
studied is as follows: 1. Carotene concentrate, 2. Alfalfa hay, 3. Corn 
silage, 4. Corn meal, f>. Timothy hay, and 6. Alfalfa molasses silage. 
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STUDIES ON THE COMPOSITION OF BOVINE BLOOD. H. SEA¬ 
SONAL VARIATIONS IN THE LEVEL OF MAGNESIUM IN 
THE BLOOI) PLASMA OF GROWING DAIRY CALVES 

C. W. DUNCAN, C. e. L1GHTFOOT, and C. F. HUFFMAN 

From the Che min try Section and Section of Dairy Husbandry of the Michigan 
Agricultural Experiment Station, East Lansing, Michigan 

In a recent- paper (4) it was shown that the magnesium content of the 
blood plasma of growing dairy calves showed fairly close agreement from 
month to month and a definite tendency to increase from birth to eighteen 
months of age. The mean of 2,286 magnesium determinations was 2.414 zb 
0.005 mg. per 100 ec. of plasma. In connection with the foregoing statistical 
presentation it seemed of interest to rearrange these same observed values, 
without respect to age, into the respective calendar months in which they 
were taken and re-examine them with particular reference to the influence 
of the seasons of the year where the conditions of feeding and management 
were under control. 

A survey of the literature discloses an ever-increasing interest in the 
close relationships between numerous processes in the animal body and the 
human organism with changes of season. That certain diseases occur more 
frequently in flic transitional periods ol* spring and fall have been proved 
by statistics. Ritzman and Benedict (0), after a complete survey of the 
literature on standard metabolism experiments on steers and cows, came to 
the conclusion that some factors connected with season exert a dominant 
role in stimulating the metabolism of the tissues. The results of their own 
work with steers and cows have shown conclusively, that in every instance 
the basal metabolism dropped during the latter part of January and con¬ 
tinued through Mareli and that a high level of metabolism occurred during 
late May, June and July. 

Weaver and Matthews (14) found that the fat test was highest during 
the first half of winter, gradually declined to the second half of summer, 
and then increased rapidly in the fall. The relations between the season of 
the year and the percentage of fat in milk have been reported by numerous 
other investigators and the literature has been summarized by Hays (5). 
They have all concurred in the opinion that regardless of when lactation 
begins, the percentage of fat followed a curve for the year, being lowest in 
June and July and gradually rising to the highest percentage during De¬ 
cember and January. Regan and Richardson (8) found changes in the 
composition and the physico-chemical characteristics of milk when a state of 
positive heat balance was reached which probably resulted from blood 
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changes instituted to facilitate heat disposal inasmuch as the blood is the 
ultimate source of the milk constituents. A close inverse correlation between 
the environmental temperature and the percentage of butterfat in cows 
milk was reported by Brooks (3). 

Rosenkranz (10) observed that the thyroids of young cattle kept in stalls 
out of contact with sunshine exhibited a marked increase in parenchyma 
and a diminished number of follicles while cattle out on pasture, getting 
plenty of sunshine, had normal thyroids, well filled follicles and little paren¬ 
chyma. Seidell and Fenger (11) reported that the average iodine content 
of the healthy thyroid gland of cattle was about three times as large during 
the months from June to November as during the months from December 
to May. R. II. van Gelder (13) found that the hemoglobin and red cells in 
the blood of Swiss mountain cattle increased in the summer but McCay (7) 
reported that the hemoglobin, iron and total phosphorus of the blood of 
milking cows was not influenced by summer sunshine or pasture. Kronacher 
and associates (6) state that the total solids of the blood of cows increased 
by about 10 per cent during the summer months. Suomalainen (12) made 
the interesting observation that during the month of January, when hedge¬ 
hogs are in deep hibernation, the magnesium content of the serum increased 
markedly (from 3.20 mg. to 5.43 mg.) with a corresponding decrease in the 
ratio of calcium to magnesium. 

The object of the present paper is to report results which add substantia¬ 
tion from a chemical and statistical standpoint to the cyclic influence of the 
astronomical seasons of the year on the amount of magnesium present in the 
blood plasma of the growing bovine. So far as we are aware the effect of the 
seasons on the changes in concentration of plasma magnesium of the growing 
calf has been nowhere reported. 

MATERIALS AND METHODS 

The basic data used in this paper are derived from experiments which 
were previously described so that a detailed statement of the general condi¬ 
tions of the experiment need not be repeated (4). For the present purposes, 
we have disregarded the effect of age on the level of magnesium in the blood 
plasma of the growing bovine and have regrouped and re-examined the same 
basic data according to the calendar months of the year. The pertinent 
features of the experiment may be summarized as follows: 1. during a period 
of three years, 2,286 magnesium determinations were made on the blood 
plasma of 107 normal dairy calves from birth to 18 months of age, 2. of the 
107 calves, 47 were males and were removed from the experiment by the time 
they were six months of age, and 3. the calves received the following rations, 
depending upon their age, (a) whole milk, (b) skim milk, a mixture of corn 
and oats, alfalfa hay, (c) corn and oats, alfalfa hay, silage, and (d) pasture. 
All calves received the above standard rations fed in accordance to their 
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individual needs; therefore, under-nutrition and nutritional deficiencies 
were not involved in this investigation. The distribution of the birth dates 
are presented in table 1. 

TABLE 1 



Disl rib ul ion of birth dates 

of JOT dairy calves 

by month 


Month 

1 Number 

Month 

■ Number 

Month 

N umber, 

Jan, 

3 

May 

(5 

Sept. 

9 

Feb. 

9 

J une 

5 

Oct. 

19 

March 

15 

July 

10 

Nov. 

10 

April 

8 

Aug. 

10 

Dec. 

3 


In order to investigate the influence of seasonal changes during the year, 
records of meteorological conditions were obtained from the U. >S. Weather 
Bureau Station, East Lansing, for the years under consideration, together 
with some normal mean values for each month since the year 1864, and are 
summarized in table 2. The college is situated at longitude 84° 26 W., and 
at latitude 42° 44' N., and at an altitude of 863 feet above sea-level. It was 
thought that if meteorological factors did affect the concentration of plasma 
magnesium, a correlation between one or more of these factors and the level 
of magnesium might be evident. 



FIG. 1. Dots represent the mean monthly magnesium values of normal calves actually 
found and show the goodness of fit to the straight lines obtained from all of the experi¬ 
mental data in each six-month period by the method of least squares. 
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RESULTS 

The experimental data available for the present paper were reduced by 
common statist ical methods and recorded in table 3 and supplemented with 
a graph (Fig. 1). The data presented in table 3 were derived from 2,286 
determinations of magnesium in the blood plasma of normal dairy calves 
during the first 18 months of life and show the total number of determi¬ 
nations made in each calendar month during the period of investigation. 
The table also presents the mean magnesium value and its probable error, 
expressed as milligrams per 100 oc\ of blood plasma, the minimum and maxi¬ 
mum value, the standard deviation, probable error, and coefficient of vari¬ 
ation for each calendar month. 

The mean values in table 3 were derived from a frequency distribution 
table in which the data were classified into 23 classes with an interval of 
0.10 mg. between each class. In figure 1, the dots represent the mean plasma 
magnesium values actually found and show the goodness of fit to the straight 
lines obtained from all the experimental data in each six-month period by 
the method of least squares. The computed limits of the band of normality 
(broken lines) for the first six months of the year are ± 0.366 mg. and 

0.389 mg. for the last half of the year. The equations for both of the 
lines are also included in the graph. 

TABLE 3 

The influence of sta*on on the level of magnesium in the blood plasma of 107 




normal dairy calve 

a 




Month 

j Determi¬ 
nation 

j Mean 

Min. 

Max. 

S.D. 

! P.E. 

| C.V. 


| no. 

milligrams ptr l(J() or. plasma 


% 

Jail. 

i 195 

2.451 + 0.0 J 5 

1.87 

3.36 

0.320 

0.216 

13.05 

Feb. 

193 

2.481 + 0.016 

1.67 

3.27 

0.320 

0.216 

12.89 

Mar. 

190 

2.455 + 0.019 

1.67 

3.71 

0.378 

0.255 

15.40 

Apr. 

191 

2.470 ±0.017 

1.69 

3.45 

0.352 

0.237 

14.24 

May 

189 

2.276 ± 0.O17 

3.67 

3.45 

0.344 

0.232 

35.11 

June 

. i 178 

2.258 + 0.022 

1.65 

3.66 

0.437 

1 0.295 

19.37 

July 

! 174 

2.262 + 0.019 

1.62 

3.65 

0.380 

' 0.256 

. 16.80 

Aug. 

i 191 

2.365 + 0.019 

1.70 

3.63 

0.395 

! 0.266 

; 16.70 

Sept. 

194 

2.392 + 0.019 

1.63 

3.60 

0.399 

0.269 

; 16.68 

Oct. 

i 194 

, 2.455 + 0.018 

3.82 

3.71 

0.380 

0.256 

1 15.46 

Nov, 

! 198 

2.547 + 0.017 

1.90 

3.74 

0.363 

0.245 

i 14.25 

Doc. 

i 199 

! 

2.519 + 0.017 

1.84 

3.83 

0.363 

0.245 

1 14.40 

Combined 

. | 2286 

| 2.414 ±0.005 

1.62 ] 

3.83 

0.378 

0.255 

| 15,65 


In table 4 the results of the method of analysis of variance have been 
tabulated to show the significance of the difference between any two month 
means. The methods used for the determination of the standard error and 
the probable error in table 3 are of such a nature that they include all of the 
causes of variation. The method of the analysis of variance is based on the 
fact that the total variation is the result of various factors, some of which 
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ai’e known and can be eliminated. In this case the variance due to between 
month means has been eliminated and the difference or the amount of vari¬ 
ance which cannot be accounted for is assigned to the experimental error. 
The degrees of freedom for total sum of squares are equal to the total num¬ 
ber of observations less one; the degrees of freedom for the sum of between 
month means are equal to the number of months less one ; and the remaining 
degrees of freedom are the degrees of freedom for error. 

TABLE 4 


Analysis of variance pertaining to the effect of season on plasma magnesium 


Source of 

i Degrees of 

Sums of 

Variance 

Experimental 

variation 

j freedom 

squares 

error 

Total. 

Between month 

. ! 2285 

33,035.9484 

14.4577 



means . 

n 

2,252.4309 

204.7664** 


3.679 class units 

Within means . 

2274 

30,783.5175 

13.5372 

! 

.3679 


h Significant at the 1 per cent point. 


t —table for bctAveen month means^ 


! Jan, 

Feb. 

Mar. 

; Apr. 

May 

June 

July 

Aug. ' Sept. 

Oct. 

Nov. 

Dee. 

Jan. ! . 



1 

4.66 

5.06 

4.93 

2.30 



2.59 


Feb. i . 




5.45 

5.83 

5.70 

3.09 

2.38 


. 


Mar. . 




4.74 

5.13 

5.00 

2.39 

i . , 

... 

2.46 


Apr. | . 



i 

5.14 

5.53 

5.39 

2.79 

; 2.08 


2.06 

. 

May . 4.66 

5.45 

4.74 

; 5.14 



. 

2.36 

3.09 

4.76 

7.24 

6.50 

June . 5.06 

5.83 

5.13 

; 5.53 




2.79 

3.51 

5.16 

7.61 

6.87 

July . 4.93 

5.70 

. 5.00 

5.39 


. 


2.67 

: 3.38 

5.02 

7.46 

! 6.74 

Aug. 2.30 | 

3.09 

j 2.39 

! 2.79 ' 

2.36 

2.79 

2.67 



2.40 

4.88 i 

1 4.13 

Sept. . | 

2.38 


| 2.08 

3.0$ 

3.51 

3.38 


I . 

.. 

4.17 I 

[ 3.42 

Oct. ; . ! 



i . 

4.76 ; 

5.16 

5.02 

2.40 

i ... . 1 


2.48 | 


Nov. I 2.59 ! 

. j 

2.46 

j 2.06 

7.24 j 

7.61 

7.46 

4.88 

: 4.17 ! 

2.48 ; 

.... . j 

. 

Doc. ] . 



! . 

6.50 

6.87 

6.74 

4.13 

3.42 i 

. : 




1 Odds for various values of l. 

2.0 = 21: 1 3.0 = 369: 1 4.0 = 15,772: 1 

2.5 = 80: 1 3.5 = 2,149: 1 4.5 = 147,058: 1 


For the statistical interpretation of the problem, the significance of the 
difference between any two month means can be found by noting the ratio 
of these differences to the standard error of these differences which have 
been computed by using the experimental error as the estimate of the stand¬ 
ard deviation of the parent from which these samples came. If the ratio 
was such that it indicated significant difference, the value was recorded in 
table 4. The resulting t values are listed for the 5 per cent level of signifi¬ 
cance. Values greater than 2.576 are highly significant for the 1 per cent 
level, therefore, any ratio greater than 2.576 indicates a highly significant 
difference between month means. From an inspection of this table the sta¬ 
tistical significance between any two month means can be evaluated by 
noting the size of the number which lies at the intersection of any two given 
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months. For example, it can be readily seen that the means of January and 
February are not significantly different from each other, but upon further 
inspection the number 4.66 lies at the intersection of January and May. 
The size of the number indicates the significance of the difference between 
the mean of January and the mean of May. At the bottom of the table a 
few values have been included to indicate the odds against the occurrence 
of such a difference due to chance. The value 4.66 indicates, therefore, that 
there is only one chance in over 147,058 times of this difference not being 
real. It is of interest to point out that the magnesium values for the months 
of May to August, inclusive, are significantly lower than the other months of 
the year, whereas the value for November is significantly higher than the 
other months of the year except December and February. 


DISCUSSION 

From an examination of the results obtained by the repeated determina¬ 
tion of magnesium in the blood plasma of growing dairy calves and recorded 
in table 3, it is evident that the amounts of this element in the blood during 
the months of May to September, inclusive, were definitely lower than in the 
other months of the year. It is also of importance to point out that the 
magnesium dropped abruptly during May and continued to decline to lower 
levels during June and July before the trend was reversed and the concen¬ 
tration gradually increased to a maximum in November. These changes are 
marked in view of the fact that all of the mean values for the months of 
May to September, inclusive, are below the mean value for all observations 
(2.414 dr 0.005 mg.), and that all of the mean values for the months of 
November to April, inclusive, are above the mean value for all observations. 
The magnesium values during the fall and winter months were distinctly 
less variable than the values during the spring and summer months both in 
respect to standard deviation and coefficient of variation and undoubtedly 
reflect the influence of the same factor or factors which determined the 
decline in the mean. The greatest variability of standard deviation and 
coefficient of variation occurred during June. 

Allcroft and Green (1), however, found that Hereford cattle running on 
pasture all the year round showed a seasonal variation in serum magnesium 
from a maximum in August to a minimum in December. Their winter 
values were frequently less than one-half of the summer values, the extreme 
range being from 2.8 mg. to 0.5 mg. per 100 cc. The addition of magnesium 
oxide to the mineral mixture appeared to alleviate the acuteness of the fall 
in serum magnesium from October to December but did not abolish it 
entirely. 

The straight lines in figure 1, which have been obtained from all of the 
experimental data in each six-month period by the method of least squares, 
illustrate the general path of plasma magnesium throughout the calendar 
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year. This decline and increase in plasma magnesium is particularly strik¬ 
ing; in view of the fact that some of the values were obtained from calves 
which did not have access to sunlight. The results are also especially sig¬ 
nificant because they were obtained from calves offered a variety of rations, 
at all seasons of the year, so that the fluctuations observed in the blood mag¬ 
nesium are not referable to seasonal changes in the ration. The distribution 
of birth dates shown in table 1 also indicates that all types of rations were 
being fed. The abrupt drop in plasma magnesium during May occurred 
irrespective of the type of ration that the calves were receiving and irrespec¬ 
tive of the age of the calves and was much more pronounced than the up¬ 
ward trend during the summer ami fall months. An examination of the 
general trend of the curve suggests a striking parallelism in the concentra¬ 
tion of magnesium to changes in season. Periods of high and periods of low 
concentrations not attributable to age or to the ingestion of food are defi¬ 
nitely indicated by the curve. 

When the mean monthly magnesium values obtained in this investigation 
were plotted against the monthly composited meteorological values obtained 
by the U. S. Weal her Bureau, it was found that an inverse linear relation¬ 
ship existed between the plasma magnesium in the growing bovine and the 
mean temperature, actual hours of sunshine and rainfall, respectively. A 
direct linear correlation, however, was found to exist between the magnesium 
values and the values for barometric pressure and relative humidity. Thus 
a comparison of the meteorological values in table 2 and the mean monthly 
magnesium values in table 3 show increases and decreases concomitant with 
sustained changes in meteorological conditions. In general, the magnesium 
level was lowest during those months in which there were more than eight 
hours of sunshine per day and when the mean and maximum mean tempera¬ 
tures were above 55° and 70° F., respectively. Furthermore, the data show 
that relatively larger depressant effects were obtained during the months of 
May, June and July when the mean monthly temperatures and actual hours 
of sunshine were approaching their meridian. Armsby (2) placed the criti¬ 
cal temperature of ruminants at approximately 56° F., while Hays (5) gave 
70° F. as the temperature above which the increased metabolism is sufficient 
to influence mammary secretion. Regan and Richardson (8), however, 
found that there was a uniform increase in the respiration rate and that at 
80° or 85° F., a pyrexial point was reached where the cows were no longer 
able to maintain heat balance. They also report that humidity and air 
movement are relatively unimportant for the comfort of the cow. 

The results of this study support previous observations on both growing 
calves and mature cows and suggest that certain meteorological influences, 
such as sustained increases in temperature, humidity and low barometric 
pressure, are associated with manifestations of uneasiness or nervousness 
and capricious appetites. These symptoms are especially noticeable during 
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the spring and early summer months when the calves have to adjust them¬ 
selves rapidly to new weather conditions. The relative humidity does not 
seem to be as intimately associated with the discomfort or uneasiness of the 
animals as the absolute humidity may be since the capacity of the air for 
water vapor is nearly doubled with each increment of 18° F. rise in tem¬ 
perature. Cyclic manifestations of physiologic activity are known to be 
associated in some unexplained manner with changes in season but it should 
be emphasized, however, that other factors besides meteorological changes 
are probably involved in the production of a seasonal drift in plasma mag¬ 
nesium, possibly through the influence of the endocrine or antonomic ner¬ 
vous system. So little is known of the causes and significance of changes in 
level of magnesium that these data are presented for record and without any 
particular attempt at interpretation. 

SUMMAKY AND CONCLUSIONS 

The results of this study, based on the repeated determination of plasma 
magnesium in 2,28(5 samples of blood from 107 calves, show the changes in 
concentration of magnesium for the various calendar months of the year 
and the marked seasonal drop that occurred during the transition from 
winter to summer conditions when the calves had to adjust themselves 
rapidly to new’ weather conditions. 

A number of direct environmental factors, the temperature, sunshine, 
precipitation, barometric pressure and relative humidity, have been con¬ 
sidered and linear correlations have been indicated to show some apparent 
relationships with plasma magnesium but none have been found wholly 
satisfactory in explaining why these alterations occur in the animal body. 
Lower plasma magnesium values were associated with those months during 
which there were more than eight hours of sunshine per day and when the 
mean and maximum mean temperatures were above o5° and 70° F., respec¬ 
tively.. 

The changes in concentration cannot be ascribed to the effect of solar 
radiation because the magnesium values obtained from the young calves 
which did not have access to direct sunlight responded in the same manner 
as those which were turned out to pasture. 

The results of the study suggest a striking parallelism in the concentra¬ 
tion of magnesium to changes in season. Periods of high and periods of low 
concentrations not attributable to age or to the ingestion of food are defi¬ 
nitely indicated. 
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MEASURING THE QUALITY OF ICE CREAM 1 

W. II. MARTIN, F. E. NELSON and W. J. CAULFIELD 
Kansas Agricultural Experiment Station , Manhattan 

There was a time when the public was the sole judge of the quality of 
ice cream. If the ice cream tasted good and had a smooth texture, it was 
acceptable regardless of the conditions under which it was made. 

Public health officials now are giving more attention to the wholesome- 
ness and sanitary quality of ice cream. One of the first attempts to improve 
the sanitary quality of ice cream was the establishment of bacterial stand¬ 
ards. More recently the determination of Escherichia-Acrobader organisms 
and the use of the phosphatase test have been advocated. Most states now 
have minimum butterfat standards and many states have adopted minimum 
weight standards for ice cream. 

The annual ice cream survey conducted by the Kansas State Dairy Com¬ 
missioner presented an opportunity to study several of the commonly used 
quality tests when applied to a large number of ice cream samples. The 
following tests were used: the standard plate count, tests to determine the 
presence of Escherichia-AcrobacUr organisms, the phosphatase test, butter- 
fat content, weight per gallon, and the score of the ice cream. The results 
obtained have been tabulated and an attempt has been made to evaluate each 
test individually and when used in combination with other tests as measures 
of ice cream quality. 

METHODS 

During July, 1938, 318 samples of ice cream were collected from approxi¬ 
mately 300 manufacturers. If available, a pint factory-filled package of 
vanilla ice cream was obtained, otherwise a hand-dipped pint package was 
taken. Samples were usually taken at the point of manufacture. Ice 
creams from large and small wholesale manufacturers, conn ter-freezer 
operators, tub-freezer operators and retail stores were examined in this sur¬ 
vey. After each sample was obtained it was placed immediately in an insu¬ 
lated jacket: and refrigerated with dry ice until delivered to the laboratory. 

A standard plate count, using the methods outlined in “Standard Meth¬ 
ods of Milk Analysis.” 6th edition (1), was made on each sample. Numbers 
of Escherichia-Acrohactcr organisms were determined by the tentative 
method outlined in “Standard Methods of Milk Analysis,” 6th edition, 
duplicate tubes of brilliant green lactose peptone bile broth being inoculated 
with each of the appropriate dilutions of sample. Each positive presump¬ 
tive test, was confirmed by making a streak culture on eosin-methylene blue 
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agar, from which a typical colony was isolated for determination of its 
behavior toward the Gram stain and of its ability to ferment lactose with 
the production of acid and gas. The results of the determination of 
Escherichia-Aeruhacier organisms were expressed as the smallest quantity 
of sample giving a positive test for members of this group, because the use 
of only two tubes of each dilution did not justify a more definite statement 
of the results. 

The efficiency of pasteurization was evaluated on the basis of results 
obtained with the New York field test for phosphatase. The published pro¬ 
cedure as recommended by Seharer (2) was followed throughout. Control 
tests, in which water buffered to a pH of 9.6 was substituted for the buffered 
substrate solution, were run on all samples which gave positive color reac¬ 
tions. A sample was evaluated as under-pasteurized only when the amount 
of color developed in the regular test exceeded that in the control. In this 
way, possible misinterpretation of the results due to residual phenols or 
other interfering substances was avoided. 

Two hundred and three samples were tested for butterfat using the Min¬ 
nesota method (3), and 116 were tested for fat by the Garrett-Overman 
method (4). These two methods gave essentially the same results when 
compared on a series of 28 ice cream samples from this survey. 

Weight per gallon of ice cream for each sample was calculated by weigh¬ 
ing each container to the nearest gram before any of its contents were 
removed, and again after cleaning and drying the empty container. 

The system used in scoring the ice cream was that used in the Students’ 
National Contest in Judging Dairy Products (5). Fifty points were al¬ 
lowed for flavor, 25 for body and texture, 5 for color and package and 20 
for bacterial counts. 

RESULTS 

Standard plate counts: The distribution of the standard plate counts 
for all of the samples, as well as for the samples obtained from each type 
of manufacturer, is shown in table 1. The standard plate count on 59.8 per 
cent of all the samples was 100,000 or less per ml. and 16.5 per cent had 
plate counts of more than one million. For the wholesale manufacturers, 

54.5 per cent of the samples had a plate count of 100,000 or less, whereas 

61.6 per cent of the samples from counter-freezer operators were in that 
group. Of the counter-freezer manufacturers, 25.1 per cent produced ice 
cream with counts of 10,000 or less, whereas the product of only 10.0 per 
cent of the wholesale manufacturers was in this class. In the count ranges 
from 50,000 to 100,000 apd from 100,001 to 200,000 there were considerably 
smaller percentages of counter-freezer samples than of wholesale manufac¬ 
turers samples, but the percentage of counter-freezer samples in the range 
above ten million was twice as great as the percentage of wholesale manu¬ 
facturers ’ samples. Many of the counter-freezer operators were buying mix 
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from firms which manufactured a product of uniformly low bacterial count, 
and this fact probably accounted for the greater percentage of samples with 
low counts in this group. The number of samples from tub-freezer manu¬ 
facturers and retail stores was not sufficiently large to permit the drawing 
of definite conclusions. Four of the 8 samples from tub-freezer manufac¬ 
turers, however, had standard plate counts above one million per ml. 

Results from many laboratories and the experiences of many manufac¬ 
turers have shown that the manufacture of ice cream with a standard plate 
count consistently below 100,000 per ml. can be accomplished by the use of 
ordinary precautions. Counts in the high hundred thousands and in the 
millions, as found in numerous instances in this survey, would indicate that 
either the quality of the raw materials or the methods used in processing 
were not satisfactory. 

Relation of standard plate count to score: The ice cream samples were 
classified on the basis of standard plate counts, and total score minus the 
bacterial score, in order to determine if any relationship existed between 
standard plate counts and the quality of the ice cream as judged by other 
criteria. The results of this grouping of samples is presented in table 2. 
The ranges of scores used in making these groupings represent what might 
be termed excellent, good, fair, poor, and very poor quality. Approximately 
half of the samples in each bacterial range were classed as fair, scoring 
between 65-67.9, and in this range of scores there seemed to be no relation¬ 
ship between the standard plate count and the score. Of the 225 samples 
with counts of 200,000 or less per ml., only 20 scored below 65 and were thus 
graded poor or very poor. Eighteen of the 21 samples scoring 71 or more 
had a count of 100,000 or less per mi, and 76 of the 97 samples scoring from 
68 to 70.9 had a count of 200,000 or less per ml. Although there was a 
marked tendency for good bacteriological quality to parallel high quality 
as determined by the criteria used in judging, there were occasional samples 


TABLE 2 

Comparison of standard plate count and total score minus bacterial score 


Standard plate 
count 

Number of samples scoring 

Total 

samples 

71 or 
more 
(Excel¬ 
lent) 

68-70.9 

(Good) 

65-67.9 

(Fair) 

62-64.9 

(Poor) 

Loss 
than 62 
(Very 
poor) 

10,000 or loss . 

5 

24 

28 

4 

0 

1 61 

.10,001- 50,000 . 

11 

26 

39 

7 

3 

86 

50,001- 100,000 . 

2 

9 

22 

5 

1 

39 

100 ,001- 200,000. 

0 

17 

16 

3 

3 

39 

200,001- 500,000 . 

1 

5 

9 

5 

2 

22 

500,001- 1,000,000. 

1 

4 

10 

2 

1 

18 

1 ,000,001-10,000,000 . 

1 

9 

20 

7 i 

4 

41 

Over 10,000,000 . 

0 

3 

6 

3 

0 

i 

12 

Totals .. 

21 

97 

150 

36 

14 | 

318 
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of good bacteriological quality which were poor or very poor on the basis of 
total score minus bacterial score. This is to be expected, since many defects 
such as feed, storage and oxidized flavors are not of bacterial nature and 
their incidence would not be expected to be correlated with bacterial counts. 
The organisms responsible for some bacterial defects are destroyed by pas¬ 
teurization, yet the defect which they cause is unaffected and could reduce 
the flavor score of the ice cream. 

When the count was above 200,000 per ml., approximately the same num¬ 
ber of samples was scored above 08 as was scored below 65. Three of the 
21 samples scoring 71 or more, and 21 of the 97 samples scoring from 68 to 
70.9, had counts in excess of 200,000 per ml., and the counts on some of 
these were well above 1,000,000 per ml., indicating that, a sample can be sat¬ 
isfactory from other standpoints and still be of poor bacteriological quality. 
Some of these cases may have been the result of the presence of t.hermo- 
durie or thermophilic organisms which survived pasteurization but did not 
affect tlie flavor of the finished product. The results indicate that some 
correlation exists between low bacterial count and high total score minus 
bacterial score. This relationship failed to hold when the plate count 
exceeded approximately 200,000 per ml. 

Occurrence of Esc hi rich ia-Acr abaci cr organisms: The distribution of 
the samples on the basis of the smallest quantity containing members of the 
Escherichia-A erobactcr group and the relationship between the numbers of 
these organisms and the standard plate count for the last 270 of the 318 
sample are shown in table 3. Eschcrichia-Aerobacter organisms were 
absent in 1 ml. quantities of ice cream in only 37 instances, and 'were present 
in quantities as small as 0.001 ml. in 58 instances, indicating that some con¬ 
tamination of most of the samples occurred following pasteurization, since 
the phosphatase tests were negative in most cases. Such contamination was 
quite heavy in many instances. 

The logarithmic average of the standard plate counts of the samples in 
each of the classes, based upon the smallest amount of ice cream containing 
the test organisms, increased progressively as the number of test organisms 
increased. A definite trend toward relationship between number of 
Eschcrichia-Aerobactcr organisms and standard plate count was noted 
when individual samples were considered. Most of the samples with low 
counts contained few of the test organisms, and most of those with high 
counts contained the test organisms in considerable numbers. Apparently 
the factors responsible for the presence of numbers of Escherichia-Aero - 
bacter organisms in ice cream also determine to quite an extent the total 
numbers of bacteria present, although there are numerous instances where 
other factors intervene and provide exceptions to this general relationship. 
As has been indicated previously (6), an ice cream sample which is negative 
to the phosphatase test, hut which contains Escherichia-Acrobactcr organ- 
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isms, lias undoubtedly been contaminated by those organisms subsequent to 
pasteurization. The presence of Eschcrickia-Aerobacter organisms in the 
finished product, whether because of faulty pasteurization or because of 
contamination following pasteurization, can thus be considered of sanitary 
significance. 

The phosphatase test: The results of the phosphatase test are shown in 
table 4. The data emphasize the importance of running control tests on all 
samples of ice cream showing positive color reactions. One hundred and 
forty-three samples, or 45 per cent of the total number, showed some color 
development in the phosphatase test as usually made, and all of these sam¬ 
ples would have been evaluated as under-pasteurized if control tests had not 
been run. Of this group, however, only 17 samples gave true positive tests 
in which the color development was definitely the result of enzyme activity. 
The color development observed in the remainder of the samples was caused 
by factors independent of the enzyme phosphatase. 

TABLE 4 

Phosphatase test results on 313* commercial ice cream samples 


j j Pasteurization evaluation 

Relative amount j Number Percent ..— 


of 

blue color 

i of : 

! samples s 

! 

of 

samples 

.. i 

Number of s 

amplcs classing as: 

Satisfactory 

| Unsatisfactory 

None . 

| 370 j 

54.31 

170 

; 0 

+ . 

97 ■ 

31.00 

96 

1 

■H ■ ■ - 

1 30 

9.58 

24 

6 

t H- . 

16 

5.11 

6 

10 

Total . 

313 

100.00 

296 

! 17 


* Test not run on 5 of the 318 samples. 

Additional data on the seventeen samples positive to the phosphatase test, 
after suitable controls had been run. are presented in table 5. The standard 
plate count was above 100,000 per ml. ori all but four of the 17 samples and 
was 1,900,000 or more per ml. in ten instances, indicating definitely unsatis¬ 
factory conditions as measured by the standard plate count. All of the 
phosphatase-positive samples contained Eschcrickia-Aerobacter organisms 
in 1 ml. quantities of ice cream, and these test organisms were found in 0.01 
ml. or smaller quantities of ten of the samples. The extent to which under¬ 
pasteurization was responsible for the presence of the Esellerichia-Aero- 
bacter organisms in these samples is unknown. In view of the large number 
of samples which were negative to the phosphatase test and yet contained 
appreciable numbers of these test organisms, it would seem that contamina¬ 
tion subsequent to pasteurization, as well as under-pasteurization, might 
have been an important factor contributing to their presence in considerable 
numbers as observed in this group of samples. 
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TABLE 5 

Data on the 17 samples positive to the phosphatase test 


Sample No. 

Phosphatase 

reaction 

Standard 
plate count, 
per ml. 

Smallest quantity 
giving positive 
test for E.-A. 
organisms (ml.) 

Total 

score minus 
bacterial 
score 

B8 . 

+ 

17,000,000 

0.0001 

64 

1>12 . ! 


6,200,000 

*0.001 

61 

4 . 

+ 

5,100,000 

*0.000001 

64.5 

30 . 

+ 4 + 

4,300,000 

*0.01 

63 

C17 . 

44 

2,300,000 

0.1 

64 

016 . , 

j. 

2,200,000 

*0.001 

65 

K34 . 

44 - 

2,150,000 

0.001 

i 60 

032 . 

4- 

2,000.000 

0.001 

! 69.5 

Oil . ; 

44 

1,900,000 

1 *0.001 

64 

42 . 1 

+ 

1,900,000 

*0.01 

67 

Bon . i 

444 

490,000 

0.01 

; 6i 

K5 . : 

4 

380,000 

: 0.1 

! 61 

1)21 . 

4 

130,000 

1 1.0 

! 65 

BC29 . 

4 + 

66,000 

0.1 

65 

63 . i 

44 

! 60,000 

1.0 

! 66 

BC27 . 1 

4 

33,000 

0.1 

71 

16 . 

T 

1 19,000 

0.1 

• 64 


* The smallest quantity tested. 

On the basis of total score minus bacterial score one phosphatase-positive 
sample scored 71 or more, one between 68 and 70.9, five between 64 and 69.9, 
six between 62 and 64.9, and four below 62. These data indicate that in 
this group of samples there was a marked tendency for a positive phospha¬ 
tase test to be associated with undesirable characteristics of flavor, texture, 
body and color, particularly sjnee only 36 samples in the whole survey scored 
between 62 and 64.9 and only 14 below 62. 

Although there was a general tendency in this particular study for sam¬ 
ples positive to the phosphatase test to represent poor quality ice cream, this 
relationship does not hold in all instances. The data indicate that ice cream 
may be satisfactory if judged on the basis of the other criteria used and yet 
be positive to the phosphatase test. The possible usefulness of the phospha¬ 
tase test as a supplementary test in controlling the sanitary quality of ice 
cream is clearly indicated, both from the public health standpoint in check¬ 
ing pasteurization and because of the relationship which it may have to other 
quality characteristics of the product. 

Relation of butterfat test io score: In table 6 the 318 samples of ice cream 
have been classified on the basis of butterfat test and total score minus 
bacterial score to determine whether a relationship exists between these two 
criteria of quality. Of the samples containing less than 10 per cent butter¬ 
fat all except one scored below 68, but in each successively higher test class 
a large proportion of the samples was placed in the higher score classes, 
more than half of the samples containing 13.1 per cent or more of butterfat 
having scored 68 or above. In each successively lower score class a smaller 
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percentage of the samples was found in the higher test classes and a larger 
percentage in the lower test classes. 

Apparently a fairly definite relationship exists between butterfat con¬ 
tent and total score minus bacterial score. This relationship may be due 
in part to the tendency for a manufacturer who is making a quality ice 
cream from the standpoint of high fat content to use good ingredients. 
Much of the effect undoubtedly is the result of the better flavor, body and 
texture associated with the use of larger amounts of butterfat in the mix. 
Only a small percentage of the manufacturers were marketing a product 
below the legal standard of 10 per cent for butterfat, and a definite tendency 
to use 12 per cent or more of butterfat in the ice cream was noted. 

Relation of weight per gallon to body and texture score: In order to deter¬ 
mine the relationship of weight per gallon to quality, 317 samples of ice 
cream were classified according to weight per gallon and body and texture 
score. This comparison is presented in table 7. Approximately one half 
of the samples weighed less than 4.5 pounds per gallon, which is equivalent 
to 100 per cent or more overrun. As the weight per gallon increased from 
less than 4 pounds per gallon to the 4.75 to 5.40 pounds per gallon range, the 
percentage of samples with body and texture scores in the upper brackets 
increased progressively. A marked tendency for greater percentages of 
the samples to fall in the lower score brackets was observed as the weight 
per gallon increased above 5.50 pounds. The five samples in the 5:50 to 6.49 
pounds per gallon class which scored 24 or above for body and texture 
formed an exception to the general trend, an exception for which the 
explanation was not apparent. 

A weight of 4.50 to 5.49 pounds per gallon seemed to be conducive to the 
best score, either unusually high o'r unusually low weights tending to be 
associated with undesirable body and texture characteristics. The value 
of 4.50 to 5.49 pounds per gallon corresponds to an overrun of from 66 to 
102 per cent, a range which includes those values which are usually consid¬ 
ered most desirable in good ice cream. 

DISCUSSION 

Each of the various tests and determinations used in this survey seemed 
to have its particular value for checking the quality of ice cream. This 
product is made from such a large number of ingredients and can be unsatis¬ 
factory because of such a variety of defects that a single determination, such 
as the standard plate count or the butterfat test, usually wdll show only the 
quality with respect to that particular factor and leave undetermined the 
quality with respect to other equally important factors. Although a rather* 
close relationship existed between the evaluations placed on a sample by 
each of the several tests and determinations, complete characterization usu¬ 
ally could be obtained only when several criteria were employed. An ice 
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cream might be satisfactory in all respects but one, weight per gallon or 
standard plate count, for example, and still be a poor ice cream because this 
one criterion indicated an undesirable condition with respect to raw mate¬ 
rials or to processing. 

In addition to the criteria now used in scoring ice cream, the weight per 
gallon, the number of Escherichia-Aerobactcr organisms, the butterfat test, 
and the results of phosphatase test for adequacy of pasteurization might well 
be considered in the score card, as they give considerable added information 
concerning the quality of the product. Furthermore, each of these four 
criteria can be stated in absolute terms, placing more of the evaluation of 
a sample on a basis into which the variable factors of human judgment and 
taste do not enter. 

SUMMARY AND CONCLUSIONS 

1. The standard plate count, the minimum amount of sample containing 
Escherichia-Aerobactcr organisms, the phosphatase test, the butterfat test, 
the weight per gallon, and the flavor, body and texture, color and package 
scores were determined on 318 samples of ice cream collected from over 300 
Kansas ice cream manufacturers during July, 1938. 

2. Standard plate counts of 100,000 or less per ml. were obtained on 59.8 
per cent of all samples. A slightly larger percentage of the ice cream 
samples from counter-freezer operators than from wholesale manufacturers 
was in the lower count ranges. 

3. Samples for which the standard plate count was 200,000 or less per ml. 
tended to have a high total score minus bacterial score, but when the count 
exceeded 200,000 per ml. no relationship between count and score was 
apparent. 

4. A tendency for the standard plate count to increase as the smallest 
amount of ice cream containing Escherichia-Aerobactcr organisms decreased 
was noted. 

5. Only 17 of the 313 samples tested were positive to the phosphatase 
test. If suitable controls had not been run, 126 other samples would have 
been considered under-pasteurized or contaminated by unpasteurized dairy 
products. 

6. The 17 samples positive to the phosphatase test were more or less 
unsatisfactory because of high standard plate count, large content of 
Escherichia-Aerobactcr organisms, total score minus bacterial score or a 
combination of these three criteria. 

7. Only 26 samples were found to contain less than 10 per cent butterfat. 
A tendency for samples of high butterfat content to have a high total score 
minus bacterial score was established. 

8. A weight of 4.50 to 5.49 pounds per gallon was most frequently asso¬ 
ciated with high body and texture score; both lighter and heavier samples 
tended to be less desirable from this standpoint. 
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9. Despite certain relationships between the results obtained by use of 
the different determinations, there were enough instances in which these 
relationships did not hold to show that the use of a variety of tests and 
determinations is necessary in order to ascertain the true quality of a sample 
of ice cream. 
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INFLUENCE OF SOME MIX COMPONENTS UPON THE TEXTURE 

OF ICE CREAM 

W. C. COLEI and J. II. BOLL WARE* 

INTRODUCTION 

Although ice-cream texture is most generally measured by the organo¬ 
leptic test, some valuable information lias been obtained by supplementing 
this test with other measurements. Thus Brainerd (1), Dahlberg (2), Cole 
(3), Reid (4), and others have presented data to show that ice-crvstal size 
largely determines the texture of ice cream as judged organoleptically. 

With this fact in mind we have used the dilatometer method for measur¬ 
ing the rate of freezing to see whether such data would indicate the ability of 
various ice-cream components to influence ice-cream texture (5). Some re¬ 
sults obtained in 1933-1934 by one of us (6) giving microscopic measure¬ 
ments of the size of ice crystals formed during freezing are also included. 
Microscopic and dilatometer measurements were not made on the same sets 
of samples. 

METHODS 

The three procedures used in this study were: 1, judging ice-cream texture 
organoleptically, 2, measuring ice-crystal size microscopically, and 3, measur¬ 
ing freezing rates of various samples by means of a dilatometer. 

In the first case the scoring was (lone by at least two and usually three 
experienced judges who did not know the identity of the samples. For the 
microscopic observations the technique described by Cole (3) was employed. 
In the third case a dilatometer was used, as, previously described by this 
same author (8). The brine hath and the means of agitation and temperature 
control were essentially the same as those reported in the publication just 
mentioned. 

Freezing in the dilatometer was accompanied by changes in volume, which 
in turn were indicated by differences in position of the mercury capillary in 
the apparatus. The size of samples for each set of comparisons was kept as 
uniform as possible, so that recording the time required for these differences 
to occur was considered a measure of the rate at which freezing took place. 

Sweet cream and condensed skim milk or sweet butter and condensed skim 
milk were the sources of milk solids in the samples. The mixes were pasteur¬ 
ized at 150° F. and homogenized at pasteurization temperature using pres¬ 
sures from 1800 pounds per square inch to 2500 pounds per square inch, de¬ 
pending upon the fat contents of the mixes. The higher the fat content the 
lower the pressures used. In the mixes with high fat content, e.g 20 per 
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cent fat and 2 per cent milk-solids-not-fat, it was necessary to run the mixes 
through the homogenizer two or three times in order to obtain satisfactory 
fat dispersion as judged by the microscopic appearance of the fat globules 
in the mix itself. The ice cream used for the organoleptic test and for the 
microscopic measurements was frozen in a multiple freezing unit consisting 
of four 1-gallon hand freezers rotating in a brine bath. 

EXPERIMENTAL 

The organoleptic test was used throughout the comparisons, and the re¬ 
sults are given by comparing them with those of the other two methods. The 
dilatometer measurements will be considered first. 

Preliminary observations with water and ice cream mixes in the dila¬ 
tometer indicated the necessity of accurate temperature control during the 
freezing of samples. Lack of control caused significant variations in the rate 
of freezing. Obviously, then, to facilitate the satisfactory comparison of a 
series of samples their freezing points must be practically the same. This 
purpose was accomplished by adding suitable amounts of sodium chloride to 
the various samples in a given series so that all their freezing points were 
adjusted to that of the one with the lowest original value. The maximum 
range in freezing-point, values for any series was 0.05° C, The degree to 
which the samples were supercooled before freezing also proved to be sig¬ 
nificant. In these comparisons each sample was supercooled 2.50° C. zt 0.01 
and was held at this temperature four hours before freezing was initiated. 

In addition, the rate of freezing varied considerably in all samples, de¬ 
pending upon the stage in the freezing process at which readings were ob¬ 
tained. It therefore became necessary to standardize on a procedure de¬ 
signed to secure representative values for the freezing rates in each case. 
These values were selected in the following manner. 

J’he data for each sample were plotted on coordinate paper, using as 
ordinates (first) centimeters of expansion of the mercury capillary, and 
(second) expansion in centimeters was taken as a measure of the rate of 
freezing for each sample. This value was obtained by using that, portion 
of the curve which most nearly represented a straight line—usually between 
10 cm. and 20 cm. After tabulation of such data for the samples in a given 
comparison, they were plotted (figure 1). 

The samples from which the data were obtained in this case were pre¬ 
pared so as to contain approximately 22 per cent milk solids, 15 per cent 
sugar, and 0.35 per cent gelatin (240 Bloom). Butter and condensed skim 
milk were used as the sources of milk solids. Although the proportion of 
milk fat to milk-solids-not-fat varied, the total per cent of milk solids re¬ 
mained approximately the same. According to the data, the time required 
for a given expansion to occur increased along with the proportion of milk- 
solids-not-fat. 
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Fig. 1, Effect of replacing fat with milk-solids not-fat upon rate of freezing (sam¬ 
ples contained 0.35 per cent gelatin). 

Another series of samples of essentially the same composition, except that 
cream instead of butter was the source of fat, yielded data that showed prac¬ 
tically the same relationship. 

TABLE 1 


Influence of mill * fat ami milk sol ifl#-not*/at upon ic< cream texture. 


Sample 

Composition 

. . ! Milk-sol ids-not- 

lM.t per cent j fatpercent 

Texture placing 

Remark* 

1 

1 

20 

2 

« 

Coarse 


14 

8 

4 

Slightly coarse 

3 

12 

10 

1 

Smooth 

4 

10 

12 

*> 

Smooth 

5 , 

8 

! 14 

o 

Slightly coarse 

0 

2 

: 20 

5 

Slightly sandy 


These samples all contained 15 per eent sucrose and 0.35 per cent gelatin. 


Table 1 gives the results of scoring the samples in the first series men¬ 
tioned. The values are the averages of the scores of two judges. 

Since conceivably the gelatin content of the samples might mask the influ¬ 
ence of the milk constituents, another series of samples was prepared, essen¬ 
tially the same in composition as the first two series mentioned except that no 
gelatin was included. The final data (figure 2) show the same relationship 
between the milk-solids-not-fat content and the retarding effect on freezing 
as that indicated in figure 1; but the correlation is somewhat better than in 
the preceding case, where the samples contained gelatin. 

Unfortunately these samples were not judged organoleptically until three 
days after they had been frozen; and samples 5, 6, and 7 were sandy when 
scored. The result* of the scoring are given in table 2. 

As tables 1 and 2 indicate, the smoothest samples are not the ones with 
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Fig. 2. Effect of replacing fat with milk-sol idsnot-f at upon rate of freezing (sam¬ 
ples containing no gelatin). 

the highest proportion of fat; rather, the best results (so far as texture was 
concerned) were obtained in the intermediate group. According to figures 
1 and 2 the rate of freezing tends to be retarded as the proportion of milk- 
sol ids-not~f at increases. 

TABLE 2 


Influence of milk fat and milk-solids* no I -fat upon icc cream texture 


Sample 

Composition 

Texture placing 

Remarks 

Fat per cent 

Milk-solids-not- 
fat per cent 

1 

20 ! 

? 

4 

Coarse 

2 

16 ! 

6 

3 

Coarse 

3 

14 

8 

2 

Slightly coarse 

4 

12 

10 

1 

Smooth 

5 j 

8 

14 

5 

Slightly sandy 

6 1 

6 

16 j 

6 

Sandy 

7 

2 

20 i 

7 

Very sandy 


These samples all contained 15 per cent sucrose but no gelatin. 


As already indicated, the microscopic measurements were made before the 
dilatometer observations were undertaken. Since they were carried out 
under similar conditions, however, and since the organoleptic test was used 
in both sets of experiments, it seemed advisable for comparative purposes to 
include those results which had direct application. The data on microscopic 
measurements are presented in tables 3, 4, and 5. All these samples were 
prepared with sweet cream and condensed skim milk as the sources of milk 
solids. 

The results from two series of samples are given in table 3. The samples 
in a given series had the same percentages of fat but different percentages of 
milk-solids-not-fat. Thus samples 1, 2, and 3 all had 12 per cent fat but 
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TABLE 3 

Influence of increasing the percentage of milk-solids-not-fat in the mix upon 
the texture of ice cream 


Sample 

Drawing 

tempera¬ 

ture 

Composition* 

Average ice- 

Organoleptic test 

Fat | 

M.S.N.F. 

crystal size 1 

1 

i 

- 5.6° C. ! 

12 ! 

10.5 

mm. 

0.08v 0.07 

Coarse 

2 

- a.5° C. 

12 ! 

14.0 

0.04 x 0.05 

Smooth 

3 

- 6.8° C. : 

32 

18.0 

0.03 v 0.05 

Very smooth 

4 

— G.o° c. : 

22 

3.1 

0.05 x 0.07 

Coarae-crnmldy 

5 

- 6.5° C. , 

22 

0.0 

0.04 x 0.00 

Smooth-good ice cream 

6 

- 6,0° C. 

22 

10.5 

0.03 x 0.04 

Smooth-gummy 


* All samples contained 15 per cent sucrose. Samples 1, 2, and 3 contained no gelatin. 
Samples 4, 5, and 6 contained 0.40 per cent gelatin (240 Bloom). 


had milk-solids-not-fat contents varying from 10.5 per cent to 18 per cent. 
Samples 4, 5, and 6 all contained 22 per cent fat; and their milk-solids-not-fat 
content varied from 3.1 per cent to 10.5 per cent. In both sets, it will be 
noted, an increase in the milk-solids-not-fat was accompanied by a decrease 
in the average size of iee crystals with a simultaneous increase in smoothness 
of texture. 

TABLE 4 

Influence of inert using the percentage of fat in the mij upon the texture of icc cream 


Drawing Composition* j A . j 

Sample tempera- -- -j .5 • " ! Organoleptic test 

turo Fat j M.S.N.F. ! cr - vatal slze | 


7 

- 6.4* 0. 

22 

10.5 

mm. 

0.03 x 0.04 

Smooth-gummv 

8 


18 

10.5 

j 0.04 v 0.05 

Smooth 

9 

- 0.2° C. 

12 

10.5 

! 0.06 x 0.05 

Coarse 

10 

1 - 0.5° C. 

22 

6.0 

! 0.04 x 0.06 

Smooth good ice ere an 

11 

i - 5.8° C. 

18 

i 6.0 

0.04 x 0.07 ! 

Smooth good ice crcati 

12 

j - 5.6° O. 

12 

6.0 

! 0.06 x 0.07 

Icy 


* All samples contained 15 per cent sucrose and 0.40 per cent gelatin (240 Bloom). 


Table 4 gives the results from two sets of samples each having the same 
percentage of milk-solids-not-fat but having different percentages of fat in 
each sample. Samples 7, 8, and 9 contain 10.5 per cent milk-solids-not-fat, 
and their fat contents varied from 12 per cent to 22 per cent, whereas samples 
10,11, and 12 contained only 6 per cent milk-solids-not-fat but had fat con¬ 
tents corresponding to those just mentioned. As this table shows, an increase 
in the fat content in both cases resulted in a decrease in ice-crystal size and 
an increase in smoothness as determined organoleptically. 

Table 5 presents results from three sets of samples, each having approxi¬ 
mately the same percentage of total milk solids, but the individual samples 
varying in the proportions of fat and milk-solids-not-fat. One other variable 
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TABLE 5 

Influence of varying the proportion of fat and milk-solids-not-fat in the mix upon 
the texture of ice warn 





| Composition* 



Sam¬ 

ple 

Drawing 

tempera¬ 

ture 

! 


M.S.N.E. 


Average ice- 
crystal size 

Organoleptic 

test 

Eat 

Cond. 

skim 

and 

cream 

Sodium 

casein¬ 

ate 

Total 

milk 

solids 

13 

- 6.5° C. 

i 

| 22 

6.0 


t 28.0 

mm. 

0.04 x 0.06 

Smooth-good 

14 

-G.1°C. 

18 

> 

10.5 


1 i 

| 28.5 

0.04 x 0.05 

ice cream 
Smooth 

15 

- 6.5° C. 

i 22 

3.1 


i 25.1 

0.05x0,07 

1 Course- 

16 

-5.8° C. 

! 

i 

18 

6.0 

! 

24.0 

0.04 x 0.07 

1 crumbly 
| Smooth-good 

17 

- 6.2° C. 

12 

10.5 

! 

! 22.5 | 

0.06 x 0.05 

ice cream 
Coarse 

18 

- 5.3° C. 

12 

7.5 

3.0 

i 22.5 

0.04 x 0.04 

1 ** 

19 

-4.6° C. 

12 

5.5 

[_ 5 ;°. 

i 22.5 

0.02 x 0.03 

1 ** 


* All samples contained 15 per cent sucrose and 0.40 per cent gelatin (240 Bloom). 

** Organoleptic tests were not available on these samples, as toluene was used to 
preserve the casein used in making the sodium caseinate. 


was included, for samples 18 and 19 have three and five per cent respectively 
of the milk-solids-not-fat replaced with sodium caseinate. Judging: from the 
results, as the proportion of milk-solids-not-fat increased in each set of 
samples the average size of the ice crystals decreased; aud, flirtliemore, 
sodium caseinate is more effective in this respect than an equal amount of 
normal milk-solids-not-fat. Although the smooth-textured samples tend to 
have the smallest ice crystals, the evidence implies that there is at least one 
other factor contributing to smooth texture as judged organoleptically. 

Photomicrographs were taken of practically all the samples examined 
microscopically, but it is not felt necessary to present them to emphasize the 
differences already pointed out in the tables. 

Although not directly concerned with the subject at hand, it is an inter¬ 
esting fact that while examining samples of sandy ice cream with a polarizing 
microscope we were able to see very distinctly both lactose and ice crystals 
at the same time. 


DISCUSSION 

The evaluation of ice-cream texture is a complex problem, partly because 
the meaning of texture is not always clearly defined and partly because the 
organoleptic method generally used as a measure is undoubtedly influenced 
by more than one factor and is itself subject to the usual errors of human 
judgment. 

If we take ice-crystal size and structure as the factors determining texture, 
then the microscopic method would seem to be a logical basis of evaluation. 
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On the other hand, if we consider the organoleptic test to be the best measure, 
we may suppose that our judgment of texture will be influenced by several 
contributing factors such as the size of the ice crystals, the* temperature of the 
sample being judged, and the presence or absence of mix constituents that 
might act as lubricants. Since most of tlie results reported have been 
obtained by the latter method, we shall try to evaluate the factors contribut¬ 
ing to the results reported. 

With this in mind we can easily see why the results obtained by the three 
methods included in this study do not exactly coincide and also, to some 
extent, why various investigators have been led to conclusions that should 
possibly be modified. 

The results obtained in this study and those reported by certain investi¬ 
gators lead us to conclude that if the organoleptic test is to be used as the 
criterion of smoothness or coarseness in ice cream, the lubricating effect of 
certain mix constituents, notably fat, as well as ice-crystal size, should be 
considered. In other words, one should not infer that a sample judged 
smoother than another sample necessarily has smaller ice crystals. Where 
the compositions of samples in a series are essentially the same, smoothness 
determined organoleptically would appear to be more nearly correlated with 
ice-crystal size than where the composition varies considerably, as in most 
of the comparisons made in this study. 

If the results reported by Bradley and Dahle (7) are considered in this 
light, we might logically assume that the batch-frozen samples contained ice 
crystals large enough to be detected organoleptically unless there was suffi¬ 
cient fat or some other lubricant present to mask the coarseness due to these 
crystals. Hence high-fat ice creams would be more likely to taste smooth 
than lower-fat ice creams. With samples frozen in the continuous freezer, on 
the other hand, the ice crystals were probably so small that a smooth product 
resulted even though the fat content was low. In this case, therefore, one 
would not expect the differences in texture between high- and low-fat ice 
creams that would occur in samples frozen under less favorable conditions— 
for example, in batch freezers. 

Here, apparently, is a likely reason for Dahl berg’s (2) conclusion that 
fat was more effective than milk-solids-not-fat in producing smooth-textured 
ice cream. Judging from the results obtained in this study, the in ilk-sol ids- 
not-fat would retard the growth of ice crystals more than would fat; and con¬ 
sequently if size of ice crystals alone were considered as contributing to ice 
cream texture, milk-solids-not-fat rather than fat would be tlie more impor¬ 
tant. These findings can be justified on the following theoretical basis. Pat 
and water have little or no mutual affinity, lienee the fat would not be 
expected to have much effect on the water phase. The proteins of milk, on 
the other hand, are hydrophylic and are therefore more likely to influence 
the water and its formation into ice crystals. 
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Be that as it may, the ultimate consumer will use the organoleptic test to 
determine texture along with other factors of quality. Our study agrees 
with Dahlberg’s (already mentioned) and with many others in concluding 
that on this basis fat and milk-solids-not-fat are more effective in combina¬ 
tion than they are alone in producing a smooth-textured product. 

Our results are not conclusive proof of the point of view here expressed; 
but the theory is in keeping with them and is offered as one way of explaining 
our results as well as certain conclusions of other investigators. 

SUMMARY AND CONCLUSIONS 

1. The organoleptic test, the microscopic examination of ice-crystal size, 
and the dilatometer measurements of rate of freezing were used in this study 
as a basis for evaluating the factors contributing to ice-cream texture. The 
results obtained are briefly summarized below. 

2. An increase in the percentage of milk solids as a result of increasing 
either the fat or the milk-solids-not-fat improved the smoothness of ice cream 
texture as judged organoleptically and tended to decrease the size of the ice 
crystals formed in ice cream. 

3. When the milk solids content of the samples was maintained essentially 
the same but the ratio of fat to milk-solids-not-fat was varied significantly, 
the milk-solids-not-fat were more effective than the milk fat in causing the 
formation of small ice crystals. 

4. Under these same conditions the dilatometer data show that the milk- 
solids-not-fat had a greater influence than did fat in retarding freezing. 
Hence it is suggested that the smaller ice crystals formed in samples with a 
higher proportion of milk-solids-not-fat may be due to a retarding action of 
the latter upon the growth of the ice crystals. 

5. An increase in the proportion of fat in ice cream was found to have a 
greater effect upon texture judged organoleptically than it did in reducing 
ice-crystal size observed microscopically or in retarding the growth of ice 
crystals as measured by the dilatometer. 

6. Where variations in composition are not too great, in a series of 
samples, one can expect good correlation between ice-erystal size measured 
microscopically and smoothness of ice cream judged organoleptically. This 
relation does not necessarily hold, however, if the proportion of fat to milk- 
solids-not-fat is very high or very low, possibly because fat in ice cream has a 
lubricating effect in the mouth, whereas this effect is not nearly so pronounced 
with milk-solids-not-fat. 
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CHANGES IN DIACETYL AND ACETYLMETHYLCARBINOL 
CONTENTS OP BUTTER AT VARIOUS TEMPERATURES 1 

E. A. TRILL* and B. W. HAMMER 
Iowa Agricultural Experiment Station , Ames, loiva 

The work of various investigators has emphasized the importance .of 
diacetyl as a flavor contributant of butter and other dairy products. The 
milk constituents in butter, especially the fat, have a rather characteristic 
flavor, but unless flavoring materials that commonly are produced by bacteria 
are also present the butter lacks the flavor desired by many consumers. The 
cultures ordinarily used to give butter a desirable flavor contain two general 
types of organisms; the citric acid fermenting type ( Streptococcus citrovorus 
and Streptococcus par a citrovorus) produces a series of compounds, including 
diacetyl, from citric acid, while the lactic acid organism ( Streptococcus Inclis) 
establishes a pH that favors the accumulation of desirable fermentation 
products from eitirie acid, van Beynum and Pette (13) recently suggested a 
likely mechanism for the dissimilation of citric acid in which pyruvic acid is 
an intermediate. 

Diacetyl is rather reactive toward many substances. Moreover, the citric 
acid fermenting streptococci which produce diacetyl under one set of condi¬ 
tions destroy it under other conditions, particularly at a favorable growth 
temperature and a relatively high pH. These general considerations led to a 
study of the changes in contents of diacetyl and its probable precursor, 
acetylmethylcarbinol, in butter made with different procedures and held at 
various temperatures. 

HISTORICAL 

Following the discovery by van Niel, Kluyver and Derx (14) and by 
Sclimalfuss and Barthmever (10, 11) that diacetyl and acetylmethylcarbinol 
occur in butter, the work of various investigators has substantiated the impor¬ 
tance of diacetyl as a flavor constituent. Results of the earlier isolated 
analyses of butter for diacetyl have been critically reviewed by Barnicoat (1). 
The greater part of the analytical work on diacetyl and acetylmethylcarbinol 
thus far published deals with butter culture rather than with butter. Slatter 
and Hammer (12) studied changes in acetylmethylcarbinol plus diacetyl 
contents of butter held at different temperatures. Various workers, notably 
Barnicoat (1, 2), Mohr and Wellm (6) and Brioux and Jouis (4) determined 
changes in both diacetyl and acetylmethylcarbinol contents of butter by the 
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use of different colorimetric methods j the methods have been reviewed (7, 9). 
Prill and Hammer (9) recently investigated changes in contents of these 
compounds during manufacture of butter. 

METHODS 

Except for one sample, all the butter studied was made in the butter 
laboratory of Iowa State College, largely in the general operation of the 
laboratory. 3 

The vats of cream, whether sweet or sour, contained approximately 30 per 
cent fat. Sour cream was neutralized to about 0.25 per cent acid prior to 
pasteurization; following pasteurization (150° F. for 30 minutes) and cool¬ 
ing, both sweet and sour cream were neutralized to about 0.10 per cent acid. 
The butter culture was made with addition of 0.15 per cent citric acid to the 
milk in order to increase the content of flavor contributants. Ordinarily, 
from 8 to 10 per cent of culture was added to cream and the mixture held cold 
for some hours (often overnight) before churning. The salt added was 
intended to give the butter a content of 2.25 per cent. Additional treatments 
or modifications in the manufacturing procedure are outlined under the 
experiments involved. 

The butter was printed 1 or 2 days after manufacture, at which time the 
original analyses were made, and one-third lb. pieces were wrapped in parch¬ 
ment paper and placed at three different temperatures, namely, -10° to 0° F., 
36° to 45° F. and 70° F. At suitable intervals samples were analyzed. 

Diacetyl and aeetylmetliylearbinol plus diacetyl were determined by the, 
colorimetric method of Prill and Hammer (7). For the diacetyl determina¬ 
tions 100 gm. samples were used; for the aeetylmethylcarbinol plus diacetyl 
determinations 20 gm. samples were distilled with ferric chloride added. 
Results are recorded as parts per million (p.p.m.). 

RESULTS 

Data on the changes in diacetyl and aeetylmethylcarbinol plus diacetyl 
contents of butter at various temperatures are presented in four series of 
experiments. Each series involved butter made from the same original lots 
of cream by two procedures differing primarily with respect to only one 
factor. 

Series 1 . Salted butter made with regular culture md 
with aerated culture 

The butter for each trial was made by dividing a vat of sweet cream and 
adding 10 per cent regular culture to one portion and 10 per cent aerated 
culture (3) to the other. 

With aerated culture (table 1) both the diacetyl and the acetylmethyl- 

8 The churnings were made under the supervision of Dr. N. E. Fabricios, who is in 
charge of the butter laboratory. 
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carbinol plus diacetyl contents of the butter (the earbinol plus diacetyl was 
determined only in trial 4) were conspicuously higher originally than when 
regular culture was used, as would be expected from analyses of the two 
types of culture (3, 9). This relationship persisted at the lower holding 
temperatures and in some cases at 70° F. 

At -10° to 0° F. occasional slight decreases in diacetyl contents occurred. 
Presumably, these resulted from chemical changes not involving bacterial 
action. At 36° to 45° F. slight decreases in diacetyl contents were common 
but in a few instances, notably in trial 3 with aerated culture, there were 
conspicuous decreases. Even at 70° F. the diacetyl contents often were 
largely retained for rather extended periods, and this occurred when tallowy 
flavors and other defects developed in the butter. Some of the data suggest 
a slight increase in the diacetyl contents at the higher temperatures during 
the early part of the holding, particularly in trial 1 at 70° F. In general, 
with the high diacetyl contents obtained with the aerated culture the de¬ 
creases in the contents were relatively greater than with the lower diacetyl 
contents obtained with regular culture. 

Series 2. Salted butter made with and without agitation 
of mixture of cream and culture 

In previous work (8) occasional agitation of a butter culture being held 
at a low temperature usually resulted in significant increases in diacetyl and 
the carbinol contents. These results suggested that introduction of oxygen 
through occasional agitation of a mixture of cream and culture during the 
holding would lead to an increase in diacetyl content of the mixture and of 
the butter made from it. 

For each trial cream and 8 per cent culture were mixed in a small vat. 
Part of this mixture was drawn into cans and held cold while the remainder 
was stirred for 3 minutes every hour, the temperature being kept low. After 
7 or 8 hours each portion was churned. 

In trials 1, 2 and 3 (table 2) the agitation resulted in an increase in 
diacetyl and acetylmethylcarbinol plus diacetyl contents of the butter, but 
in trial 4, and several other trials not included, there were no appreciable 
differences. On holding the butter at the various temperatures there were, 
for the most part, only relatively slight changes in the diacetyl and the 
carbinol plus diacetyl contents. 

Series 3 . Salted and unsalted butter made with culture 

In each of the two trials the same amount of the same culture was added 
to both sweet and sour cream. After partial working, a portion of the 
unsalted butter was removed while the remainder was salted and completed 
in the usual way. It should be noted that the unsalted butter was made 
from processed cream to which culture had been added but without the ripen- 
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TABLE 3 — ( Continued ) 


Special unsalted butter from highly ripened cream 


Holding temp. of butter j Dayg , )utt „ 
i held 

A (‘j, 

p.p.m. 

Amc -*• Ac# 
p.p.m. 

; 0 j 

0.83 

J3.9 

-10° to 0° F. 

28 

.70 i 

13.5 

36° 

t 3 

.59 

17.0 

to 

9 

. .49 

20.0 

45° F. 

16 

! .36 

; 15.4 


ing used when a high flavor is desired in unsalted butter; moreover, the 
working was less than normal although the butter was not leaky. 

With the salted butter from both sweet and sour cream (table 3), changes 
in diacetyl and aeotylmothylearbinol plus diacetyl contents were slight. In 
the case of the unsalted butter made from sweet and sour cream the changes 
were slight at -10° to 0° F., but at temperatures permitting the activity of 
butter culture organisms very marked changes occurred. Apparently, the 
operation of unknown factors prevents generalizations in regard to the direc¬ 
tion of these changes over a long period. Thus, in the unsalted sweet cream 
butter of trial 1 held at 36° to 45° F., the diacetyl values first increased and 
then decreased markedly, while the values for the carbinol plus diacetyl soon 
fell to low values; whereas at 70° F. the diacetyl contents tended to be lower 
than originally, In the unsalted sour cream butter of trial 1 held at 36° to 
45° F, the diacetyl content increased progressively while the carbinol plus 
diacetyl content fell to low values; at 70° F. the content of these substances 
decreased. In the unsalted sweet cream butter of trial 2 held at 36° to 
45° F. both diacetyl and carbinol plus diacetyl contents increased markedly, 
whereas at 70° F. the increases were still greater. In the unsalted sour cream 
butter of trial 2 held at 36° to 45° F. diacetyl and carbinol plus diacetyl 
contents decreased slightly, but at 70° F. there were marked increases fol¬ 
lowed by decreases. 

In some of the unsalted samples acetylmethylcarbinol plus diacetyl con¬ 
tents decreased to such low values that the ratios of acetylmethylcarbinol plus 
diacetyl to diacetyl were much lower than ordinarily would be expected for 
butter made with culture. 

The special sample of unsalted butter was obtained from a plant regularly 
making high flavored butter from processed sour cream ripened to a rela¬ 
tively high acidity. The original analyses were made as soon as the butter 
was received and show very high diacetyl and carbinol plus diacetyl contents. 
At 36° to 45° F. there were decreases in the diacetyl content and increases in 
the carbinol plus diacetyl content. 










Diacelyl ( Ac g ) and acetylmethylcarbinol plus diacetyl (Amc + Ac,) contents of salted butter made with culture and with added diacetyl 

held at various temperatures. Butter made from sweet cream. 
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Series 4. Salted butter made with culture arid with addition 
of diacctyl to the butter 

For each trial a batch of sweet cream was divided. To one portion 8 per 
cent culture was added, the mixture held overnight and then churned. The 
other portion was held overnight without culture added, and, after churning 
and washing, diacetyl, in the form of a dilute solution, was worked into the 
butter along with the salt. Although the amount of diacetyl added Was 
calculated to make the concentration in the butter the same as the expected 
diacetyl content of the comparison butter, it was not possible to do this 
exactly. 

In general, the changes in diacetyl and aeetylmethylcarbinol plus diacetyl 
contents were relatively slight (table 4). In some cases the diacetyl contents 
of the butter made with added diaeetvl decreased relatively somewhat more 
than did the diacetyl content of the butter made with culture, but these 
differences were never very marked. The aeetylmethylcarbinol plus diacetyl 
contents of butter made without culture were somewhat greater than the con¬ 
tent of added diacetyl. Presumably, this resulted from the earbinol present 
in the original cream which probably had undergone some slight bacterial 
action. 

DISCUSSION 

The analyses of salted butter show a surprisingly high retention of 
diacetyl and of aeetylmethylcarbinol, even at 70° F. The development of 
tallowiness at this temperature, which is common because of the great effect 
of relatively high temperatures on appearance of the defect, was not accom¬ 
panied by a sharp decrease in the diaeetvl or the earbinol content. Barnicoat 
(1, 2) also reported small changes in diacetyl contents of salted butter held 
frozen, at 14° to 17° F. or at 40° F. Reference should be made to the work 
of King (5) who showed that diaeetvl promoted the oxidation of butter fat 
leading to tallowiness and loss of color with the concomitant destruction of 
the diacetyl. However, King used comparatively pure butter fat with a 
relatively high concentration of added diacetyl and, in some cases, rather 
drastic treatments, such as exposure to light. It is probable that in butter 
much of the diacetyl is in the water phase, rather than entirely in the fat as 
was the case in King’s experiments. In general, it appears that the amount 
of diacetyl ordinarily encountered in butter has no significant effect in the 
promotion of chemical defects and that other factors, such as copper content 
of the butter and pH of the serum, are of more importance in this connection. 

In unsalted butter significant changes in diacetyl and in aeetylmethyl- 
carbinol plus diacetyl occurred at 36° to 45° F. and at 70° F. and undoubt¬ 
edly were due to activity of the butter culture organisms. The changes 
involved both increases and decreases, as would be expected from the general 
relationship of the butter culture organisms to these compounds. Slatter 
and Hammer (12) reported a striking production of aeetylmethylcarbinol 
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plus diacetyl in unsalted butter at temperatures permitting activity of the 
butter culture organisms, and the results of Mohr and Wellm (6) also indicate 
significant changes in unsalted butter and lesser changes in lightly salted 
butter. An increase in diacetyl in unsalted butter is probably an important 
factor in the flavor development which this product often undergoes. A 
subsequent decrease presumably is accompanied by a partial loss of flavor. 

SUMMARY 

In general, salted butter (about 2.25 per cent salt) made with different 
manufacturing procedures showed only relatively slight changes in diacetyl 
and acetylmethylearbinol plus diacetyl contents when held frozen or at 36° 
to 45° F. Even at 70° F., at which temperature chemical deterioration is 
especially rapid in butter, the contents of these substances were largely 
retained for considerable periods. 

In the case of unsalted butter the changes at -10° to 0° F. were relatively 
slight, but at 36° to 45° F. or at 70° F. significant changes occurred, both 
increases and decreases being involved. 
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EFFECT OF SALTING CURD FOR BLUE CHEESE' 

C. B. LANE and B. W. HAMMER 
Iowa Slate Colhi/i, Ames, Iowa 

The salt used in various dairy products has a number of effects. It defi¬ 
nitely influences the flavor, and even with such products as milk, buttermilk 
and ice cream it. may be employed to bring out flavor. In the concentrations 
used with certain products, salt lias pronounced preserving powers. For 
example, over a wide temperature range salted butter ordinarily undergoes 
microbiological changes more slowly than unsalted butter. Organisms differ 
in their salt tolerance, and as a result a certain concentration may greatly 
modify the flora of a product by largely preventing development of certain 
species and having little effect on others. 

In the manufacture of blue cheese, salt is incorporated by covering the 
surface with dry salt or by floating the cheese in brine. Salting is usually 
begun when the hoops are removed the day following preparation of the curd. 
Certain blue-veined cheeses commonly have a relatively high salt content and 
such a content, together with one or more additional factors, favors the domi¬ 
nance of the characteristic mold in the cheeses (1,3). 

Preliminary studies suggested that in the manufacture of blue cheese 
there were certain advantages in adding some salt to the curd at the time of 
hooping, and accordingly more detailed studies were carried out. 

GENERAL PROCEDURE 

The effect of salting curd for blue cheese was studied with cheese manu¬ 
factured from homogenized milk (2). In making each comparison, the curd 
necessary for two cheeses was dipped on a doth, and as soon as draining was 
reasonably complete, mold powder was mixed with the curd. One hoop was 
filled with half the curd; salt (2 per cent in most trials) was mixed with the 
remainder after which it was put into a hoop. The cheeses were then finished 
in the usual manner and salted with dry salt. At intervals during a 4-month 
ripening period the cheeses were examined by cutting segments from them; 
after each examination the freshly cut surfaces were paraffined. 

RESULTS 

In the early trials the amounts of salt mixed with the curd varied from 
2 to 5 per cent of the estimated curd weight. Addition of more than 2 per 
cent salt tended to destroy the fusing properties of the curd particles and to 
retard development of mold so the later comparisons were made entirely with 
2 per cent. 

Received for publication July 19, 1939. 
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Most of the trials were carried out in connection with a study of the effect 
of various strains of mold on ripening of blue cheese, in which mold powders 
prepared from the strains were mixed with portions of the same curd. Thus, 
a series of comparisons involved the use of various molds, employed with and 
without salting of the curd, on the same original lot of curd. 

TABLE 1 


Mold growth, color and flavor of blue cheese made with and without salting of curd 


Series 

no. 

Compari¬ 
son no. 

Mold growth 

Color 

Flavor 

salted 

unsalted 

salted 

unsalted 


1 

good 

good 

salted lighter 

fair 

butyric* 


2 

good 

good 

no difference 

good 

good 


3 

good 

fair 

salted lighter 

fair 

musty 


4 

good 

poor 

salted lighter 

good 

fermented 


5 

good 

good 

no difference 

good 

good 


6 

good 

good 

salted lighter 

fair 

butyric 


7 

good 

l>oor 

salted lighter 

good 

fair 


8 

good 

good 

salted lighter 

good 

fair 


9 

good 

poor 

salted lighter 

fair 

butyric 


10 

good 

good 

no difference 

fair 

fair 


11 

good 

good 

salted lighter 

good 

fair 


12 

good 

fair 

salted lighter 

good 

good 

1 

1 

good 

good 

j salted lighter 

good 

good 


2 

1 good ! 

! good 

salted lighter 

good 

good 


3 

! good 

i good 

salted lighter 

good 

fair 

4 

good 

good 

salted lighter 

fair 

fair 

1 5 

! good 

poor 

salted lighter 

fair 

butyric 

30 

6 

good 

fair 

salted lighter 

musty 

musty 


7 

good 

good 

salted lighter 

good 

good 


8 

good 

good 

salted lighter 

good 

butyric 


9 

good 

poor 

salted lighter 

fair 

fair 


10 

good 

good 

* salted lighter 

musty 

musty 


11 

good 

fair 

salted lighter 

fair 

musty 

i 12 

good 

good 

salted lighter 

good 

fair 

i 13 

poor 

poor 

salted lighter 

unclean 

unclean 


* Flavor suggests butyric acid. 


The mold growth, color and flavor of two representative series of cheese, 
made with and without salting the curd, are given in detail in table 1. The 
data show that salting the curd had an effect on mold development in the 
cheese. With 5 of 12 comparisons in series 9, and with 4 of 13 comparisons 
in series 10, mold growth was considered more satisfactory when the curd was 
salted than when it was not; in the remaining comparisons no appreciable 
difference was noted. Cheese from salted curd was lighter in color, and 
therefore was more desirable from the color standpoint, than cheese from 
unsalted curd with 9 to 12 comparisons in series 9 and with all comparisons 
in series 10. The flavor of cheese from salted curd tended to be superior to 
that of cheese from unsalted curd. Certain flavors, such as musty, fer¬ 
mented or butyric, were sometimes present in cheese from unsalted curd 
when they were absent in cheese from salted curd, but salting the curd did 
not entirely eliminate off flavors. 
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Table 2 summarizes results obtained in 10 series of cheese made with and 
without salting the curd. The effect of the salting was essentially the same 


TABLE 2 

Summary of mold growth, color and flavor of blue cheese made with and 
without salting of curd 


Series 

no. 

No. 

compari- • 
sons 

Mold growth 

Color 

Flavor* 

salted 

better 

no 

differ- 

once 

salted 

lighter 

no 

differ¬ 

ence 

salted 

better 

unsalted 

better 

no 

differ¬ 

ence 

1. 

8 

3 

5 

6 

2 

4 

1 

3 

2. 

8 

5 

3 

8 

0 

3 

0 

5 

3 . ! 

8 

4 

4 

6 

o 

5 

0 

3 

4. 

8 

1 

7 

5 

3 

4 

1 

3 

5. 1 

! 8 

3 

5 

1 8 

0 

i 8 

0 

2 

6. 

8 

5 

i 3 

8 

i o 

i 3 

1 

4 

7. 

! 8 

4 

1 4 

: 7 

1 1 

! 6 

0 

2 

8. 

8 

3 

j 5 

8 

1 o 

! 4 

1 

1 3 

9 . 

12 

5 

1 7 

9 

1 3 

: 8 

2 

| o 

10. 

j 13 

4 

i 9 

13 

! o 

6 

1 

6 


* In some cases when both cheese in a comparison were given the same general flavor 
description, one was better than the other; such differences are taken into account in the 
tabulation. 


as in the individual series, in that mold growth was sometimes improved, the 
color was rather regularly lighter and there was less tendency to develop off 
flavors. 

DISCUSSION 

When salt is mixed with blue cheese curd just before hooping, a portion 
of it is carried away in the whey that drains from the curd. Presumably, 
the percentage lost is not constant. However, with normal salting of the 
cheese, no serious irregularities in salt content of the ripened product were 
encountered. 

The somewhat better mold growth in the cheese when the curd was salted 
probably was due primarily to the comparatively open texture that accom¬ 
panied this procedure. The lighter color that rather regularly resulted pre¬ 
sumably was due to an increase in stability of the curd, which kept ilie fat 
well dispersed; in studies on delayed salting of blue cheese, Lane and Hammer 
(2) noted that the more the salting was delayed the deeper became the color. 
The effect on the flavor suggests that the salt in some eases may have limited 
the growth of certain undesirable organisms. Since off flavors sometimes 
were encountered with salting of the curd, the inhibition was by no means 
complete. 

By salting the curd, the general effects of salt on the cheese are initiated 
sooner than without such salting because the salt penetrates from the surface 
rather slowly. 

In blue cheese manufacture, salting of the curd has become standard 













172 


C. B. LANE AND B. W. HAMMER 


practice in the cheese laboratory at Iowa State College. It also has been 
found useful in certain commercial plants, 

SUMMARY 

In the making of blue cheese, addition of 2 per cent salt to the curd just 
before hooping sometimes resulted in better mold growth in the cheese, rather 
regularly gave a lighter color and tended to control certain flavor defects. 
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RELATIONSHIP OF ACID NUMBER VARIATIONS TO THE 
QUALITIES AND FLAVOR DEFECTS OF 
COMMERCIAL BUTTER 1 

E. L. FOUTS 

Dairy Depart turpi, Oklahoma A. and M. Collage, Stillwater, Oklahoma 

Changes occurring in the fat of butter are of great importance from the 
standpoints of flavor and keeping quality of the product. Hydrolysis of the 
fat may set free some of the lower fatty acids, particularly butyric, eaproie 
and cap ry lie, causing a condition commonly referred to as rancidity, consti¬ 
tuting one of the most serious defects occurring in butter. Rancidity fre¬ 
quently develops in samples of commercial butter when they are subjected to 
keeping quality tests. 

In butter made from unheated cream the lipase normally present in milk 
may cause fat hydrolysis. However, this enzyme is readily destroyed by the 
usual pasteurization procedure. Since there is little opportunity for signifi¬ 
cant recon lamination of pasteurized cream or of butter with lipase, it prob¬ 
ably has little effect on the keeping qualities of commercial butter. 

Many micro-organisms are able to hydrolyze butt erf at. Organisms of 
this type are widespread in nature, often being present in raw cream, water 
and dairy plant equipment. They are ordinarily killed by pasteurization but 
rccontamiuation after pasteurization may occur. If such organisms gain 
entrance to pasteurized cream in sufficient numbers and find conditions suit¬ 
able for growth, they may cause serious defects in the resulting butter. Salt 
retards the growth of these organisms, so that they produce the most serious 
defects in unsalted butter. 

The acid number lias proved to be a valuable adjunct to the organoleptic 
method of determining the degree of hydrolysis in the fat of cream or butter. 
However, certain organisms may utilize fatty acids as food. Also, when the 
cream acidity is standardized the acids in the fat as well as those in the serum 
are partially neutralized. Under such conditions the acid number is not an 
exact index to the degree of fat hydrolysis. 

Samples of commercial butter of varying qualities were studied to deter¬ 
mine any possible correlation between acid number of the fat and quality of 
the butter. Both unsalted and salted butter were used. 

ACID NUMBER OF BUTTERFAT 

The usual method of expressing the acid number of fat is as the number 
of milliliters of N/l alkali required to neutralize the free acid in 100 gm. of 
fat. All references to acid number will imply this meaning. The butter 

Received for publication July 31, 1939. 
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samples were melted, the fat aspirated off and filtered through paper. The 
samples were melted and filtered in a 45° C. incubator. 

The acidity of the fat was determined by the method devised by Breazeale 
and Bird (1). Ten gm. of filtered fat were weighed into a 125 ml. Erlen- 
meyer flask, 25 ml. of petrolic ether and 10 ml. of absolute ethyl alcohol were 
added, and the contents of the flask thoroughly mixed. The petrolic ether 
dissolved the fat and fatty acids and the alcohol dissolved any soap formed 
during the titration. Ten drops of alcoholic phenolphthalein were added and 
the sample was titrated against N/10 potassium hydroxide made up in abso¬ 
lute alcohol. The number of milliliters of N/10 potassium hydroxide re¬ 
quired to neutralize the free acid in 10 gm. of sample corresponded to the 
acid number of the fat. 


UNSALTED BUTTER 

The unsalted butter came from various Iowa creameries and was obtained 
through a marketing association. The samples were examined for flavor 
defects immediately on receipt and after 2, 4 and 6 days at 21° C. After 
the 6 days, the fat acid numbers were determined. Whenever sufficient quan¬ 
tities of samples were available, acid numbers of the fat of the fresh butter 
were also determined. 

Table 1 shows the data on 14 samples of butter. The samples were divided 
into two groups, those not developing rancidity during holding at 21° C. and 
those which did. The acid numbers of the fat were not determined in the 

TABLE 1 


Relationship of acid number to the general quality of nnsalted butter {Samples from 
various Ipwa creameries) 


Sample 

Flavor of butter after incubating at 21° C. 

Acid number 
of fat after 

6 days at 

21° C. 

2 days 

4 days 6 days 

Samples not developing rancidity 


1 . 

good 

good 

good 

3.4 

2 . 

good 

good 

good 

2.6 

3. 

good 

good 

good 

3.6 

4. 

good 

good 

good 


5. 

good 

good 

good 

13.6 

6 . 

good 

good 

good 

2.3 

7. 

good 

! 

good 


8 . 

good 

good 

good 

2.9 

9. j 

good 

; good 

good 

2.4 


Samples developing rancidity 


10 . 

| skunk odor 

skunk odor 

rancid 

4.8 

11 . 

i ester odor* 

rancid 

v. rancid 

6.2 

12 . 

j ester odor* 

rancid 

si. rancid 

10.8 

13. 

1 ester odor* 

rancid 

rancid 

5.6 

14. 

i rancid 

rancid 

rancid 

5.8 


* The ester odor definitely suggested the odor produced in butter by Pa. fragi. 
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fresh samples but judging from titrations of many similar samples, it is 
probable that the original acid numbers were all less than 1.0. In examina¬ 
tion of these samples particular attention was given to the detection of 
rancidity. 

In general, the samples which became rancid developed the higher acid 
numbers. Samples 10 to 14 inclusive became rancid and in general the acid 
numbers were considerably higher than of the noil-rancid samples. Sample 5 
was an exception having a good flavor and yet having an acid number of 
13.6; also samples 1, 3, 4 and 8 had higher acid numbers than are usually 
found in non-rancid butter. 

The results on another series of 32 samples are given in table 2. The 
samples were again divided into those not developing rancidity and those 

TABLE 2 


Relationship of acid number to the general quality of unsalted butter (Samples from 
various Iowa creameries) 



| Flavor of butter after incubating at 21° C. 

Acid number of fat 

Sample 

2 days 

4 days 

6 days 

Fresh 

After 6 days 
at 21° C. 


Samples not developing rancidity 


i . 

cheesy 

cheesy 

cheesy 

0.7 

1.2 

2 

good 

good 

good 

.7 

.8 

3 . . 

good 

good 

good 

.7 

.9 

4. 

good 

good 

good 

.7 

.8 

5 

good 

good 

good 

.<> 

3.4 

0 

good 

good 

gOOfl 

.7 

2.8 

7 .. . 

good 

good 

good 


1.8 

8 

good 

good 

good 

.6 

.9 

9 

good 

good 

good 

.9 

1.3 

10 . 

good 

good 

good 

•« 

1.1 

1.1 ... 

good 

good 

good 

.5 

1.0 

12 

good 

good 

good 

.7 

1.8 

13 . 

good 

good 

good 

.8 

2.2 

14 . 

good 

good 

good 

! j | 

1.6 

15 . 

good 

good 

good 

.7 

3.1 

10 

good 

good 

good 

.7 

9.8 

17. 1 

good 

good 

good 

! .7 

1.0 

is.: 

good 

good 

good 

‘ .6 

1.0 

19 . 

good 

good 

good 

.6 

1.4 

20 . ! 

good 

good 

good 

.7 

1.0 

21 . : 

cheesy 

1 cheesy 

choesv 

.7 

1.5 

22 . ; 

good 

good 

good 

! .8 

1.8 

23 . 1 

good 

good 

good 

i -l 

1.4 

24. 

[ good 

good 

good 

! •' i 

1.0 

25. 

i good 

good 

good 

.6 i 

11.6 


Samples developing rancidity 


26 . 

good 

good 

si. rancid j 

• 7 i 

2.8 

27. 

good 

good 

si. rancid ! 


3.2 

28. 

si. rancid 

rancid 

rancid • 

i.i : 

2.4 

29 . 

good 

good 

si. rancid f 

.7 i 

14.0 

30. 

cheesy 

si. rancid 

si. rancid 

.8 i 

4.8 

31. j 

si. rancid 

rancid 

rancid 1 

.8 ] 

7.6 

32. 

si. rancid 

si. rancid 

si. rancid | 

.6 ! 

5.2 
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which did. The acid numbers of the fat when the butter was received were 
below 1.0 in all eases except sample 28, which was 1.1 After 6 days at 21° C., 
the acid numbers of the non-rancid samples ranged from 0.8 to 11.6; the 
rancid samples from 2.4 to 14.0. In general, the non-rancid samples had 
relatively low fat acid numbers, 2, 3, 4, 8, 9, 10, 11, 17,18, 20 and 24 having 
acid numbers of 1.0 or slightly higher after 6 days at 21° C. Samples 16 
and 25 were exceptions with acid numbers of 9.8 and 11.6 respectively. Of 
unusual interest were samples 28 and 31. Neither'sample was rancid when 
received but within 2 days sample 28 became slightly rancid and only in¬ 
creased from the original acid number of 1.1 to 1.6. Sample 31 became 
distinctly rancid during the same period and only increased from 0.8 to 1,3. 

It may be noted in the samples developing rancidity after holding, that 
other flavor defects frequently preceded the rancid odor and flavor. In 
some cases an ester odor was the first indication of the approach of rancidity. 
The ester odor definitely suggested the odor produced in butter by Ps. fragi. 
In every sample in which the ester odor was present, rancidity soon followed. 
A cheesy flavor occasionally preceded rancidity; however, all samples showing 
cheesy flavor did not become rancid during the 6 day holding period. 

These contrasting conditions in which some of the non-rancid samples had 
high acid numbers and some rancid samples had low acid numbers agree with 
the findings of Guthrie (2) that there is little correlation between the acid 
number of butterfat and the development of rancidity. It is possible that 
some lipolytic organisms have a selective action on certain of the glycerides of 
the fatty acids. In the one case only the higher acids may be liberated which 
yield increased acid numbers on the fat without causing serious off-flavors. 
Other organisms may liberate primarily the lower fatty acids including a 
small quantity of butyric acid, which while insufficient to increase the acid 
number, may cause a rancid flavor. Results reported later show that certain 
organisms, particularly O. lactis, when growing in cream or butter liberate 
only a very small amount of volatile acid from the fat. This may be a selec¬ 
tive action on the fats or the lower acids may be consumed by the growing 
cells as rapidly as they are liberated as suggested by Orla-Jensen (3). 

TABLE 3 

Relationship of acid number to the general quality of sailed butter (Samples entered 
in the 1988 National Cold Storage Contest) 


Sample | 

Score 

Acid number 

i.._. i 

94 

0.6 

2. ' 

92 

.6 

3. ; 

92 

.5 

4. 1 

92 

.6 

5.j 

95 

.8 

6. f 

94 

.6 

7. i 

93 

.6 

8 .. ! 

94 

.7 
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SALTED BUTTER 

The salted butter came from various scoring: contests and exhibits and in 
general was two or more weeks old when received. 

The data in table 3 show the acid numbers of 8 samples of fine quality, 
lightly salted contest, butter scoring 92 to 95. These samples were obtained 
from creameries submitting entries in the 3938 National Cold Storage butter 
contest. The acid numbers of the samples ranged from 0.5 to 0.8 and welre 
little different from the acid numbers of fat of average quality commercial 
salted butter as shown in table 4. 

Table 4 shows the acid numbers of the fat of 27 samples of bnlter from an 
Iowa State College Educational Butter Scoring Contest. Some of these 

TABLE 4 

Jirlal ion ship of arid number to the gnu ml quality of salffd buffer 
(Samples from Iowa Stair College Educational Buffer Scoring Context—some made from 

vmtralized cream) 


Sample 

Origin of butter | 

Score 


Acid number 

1 

Iowa | 

03.0 


( 1.8 

•> 

I own i 

02.5 


.7 

3 

j Texas i 

00.0 


.6 

4 

! Iowa 

91.5 


.7 

5 

... j Iowa 

92.0 


.5 

(* 

j Iowa 

01.5 


,K 

7 

j I owa 

92.0 


. i 

8 

Orgeon 

91.0 


.H 

9 . 

Nebraska 

91.5 


.7 

10 . 

Iowa 

91.5 


7 

n 

I owa i 

92.0 


.<> 

12 . . 

i I owa ' 

93.0 


. i 

13 ... 

Iowa 

90.0 


.7 

14. 

Iowa 

90.5 


7 

15 

1 own 

01.0 


.5 

10 

Iowa 

91.0 


_ 7 

17 

Iowa 

91.0 


.5 

18 

Iowa 

91,0 


.8 

10 . 

1 Iowa 

91.5 


. i 

20 . 

Iowa | 

91.5 


.6 

21 ... 

I owa 

90.5 


.5 

22 . 

Iowa 

91.0 


. t 

23 

I owa 

91.0 


< 7 

24 

. , Iowa j 

91.0 

i 

.6 

25 

.| Iowa ! 

90.0 

1 

.6 

26 . 

... j Iowa 

90.5 


.<> 

27 

1 Iowa 

90.5 

1 

.7 


samples were made from neutralized cream. The scores ranged from 90 to 93 
and the acid values from 0.5 to 0.8. Judging from the scores of the lots of 
butter there must have been considerable difference in the qualities of the 
cream from which they were made. It appears that there was little correlation 
between acid numbers of the fat of neutralized cream butter and the quality 
of the cream from which it was made. In fact sample 1 a 93 score butter, 
had an acid number of 0.8 while sample 3, a 90 score butter, had an acid 
number of 0.6. 
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The data shown in table 5 indicate that Oklahoma butter exhibited at 
the Oklahoma State Fair had slightly higher fat acid numbers than Iowa 

TABLE 5 

Relationship of acid number to the general quality of salted butter 
(Samples exhibited at the 1988 Oklahoma State Fair ) 


Sample 

Score 

Add number 

1. 

92.0 

1.4 

2. 

93.0 

.7 

3 . 

92.5 

.6 

4. 

93.0 

.8 

5. 

90.5 

.5 

6. 

92.0 

.8 

7. 

92.0 ! 

1.0 

8. 

89.0 i 

o o 

9. 

93.0 

.6 

10 . 

92.0 1 

.6 

11. 

92.0 1 

.6 

•12. 

89.0 | 

1,8 

13. 

89.5 

.9 

14. 

92.5 * 

.6 

is.: 

90.0 

.7 

16. ! 

93.0 

.5 

17.: 

90.0 

.8 

18. ; 

89.5 

.5 

19. | 

88.5 

1.2 

20. j 

91.5 

1.7 

21. 

90.0 

.9 

99. 

9o.o ; 

1.0 

23 . 

90,0 

1.0 

24 .. 

90.5 ! 

.9 

25. 

91.0 ; 

.9 


butter of similar quality. The exact age of these samples and the conditions 
under which they were manufactured were not known. Possibly the age and 
quality of the cream when churned, age of the butter and period of lactation 
of the producing cows may have influenced the acid values. 

DISCUSSION 

In reviewing the studies on unsalted and salted commercial butter of 
widely varying qualities, certain observations should be pointed out. There 
was no definite relationship between the acid number of the fat of unsalted 
butter and flavor defects. The fat of fresh unsalted butter invariably had 
low acid numbers and increases after holding 6 days at 21° C. were always 
evident. About 25 per cent of the samples of unsalted commercial butter 
observed became rancid during the holding period. In the samples not devel¬ 
oping rancidity with a few exceptions, the increases in the acid numbers were 
small. In the samples developing rancidity however, the increases were 
significant although exceptions to this generalization were also encountered. 
Some samples of unsalted butter of good flavor had very high acid numbers 
after the holding period while certain rancid samples had low acid numbers. 
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Many samples of salted butter were subjected to keeping quality tests but 
since very few of the samples became rancid, acid values were not determined 
after the holding period. The acid numbers of the fat of fine quality, lightly 
salted contest butter were similar to those of commercial salted butter of 
considerably lower quality. There was no correlation between the scores of 
salted butter and the acid numbers of the fat. 

CONCLUSIONS 

1. Most samples of unsalted butter increased in acid numbers of the fat 
during holding for 6 days at 21° C. 

2. When samples of commercial unsalted butter were held at 21° C., 
approximately 25 per cent became rancid within 6 days. 

3. No close correlation existed between the acid number of the fat and the 
quality of commercial unsalted butter; butter of good quality often had rela¬ 
tively high acid numbers, while some rancid samples had relatively low acid 
numbers. 

4. When samples of commercial salted butter were held at 21° C., com¬ 
paratively few of the samples became rancid in G days. 
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THE COMPARATIVE NUTRITIVE VALUE OF BUTTER FAT 
AND CERTAIN VEGETABLE OILS* 

E. J. SCHANTZ, C. A. ELVEHJEM, and E. B. HART 
Department of Jiiochrmistry , College of Agriculture, University of Wisconsin, Madison 

In our early work on the relation of fat to tin* utilization of lactose in 
milk (1) it was noticed that when feeding different fats as supplements to 
skimmed milk diets the young rats grew slightly faster and appeared to 
have a better coat of hair when fed butter fat as compared with corn oil or 
coconut oil. Because of these observations it was thought advisable to carry 
out specific feeding trials with different fats incorporated into a skimmed 
milk diet. 

The work of Evans and Burr (2), Burr and Burr (15), and Evans and 
Lepkovsky (4) has established the fact that certain unsaturated fatty acids 
are necessary in the nutrition of the rat. These workers have shown that 
rats placed on fat-low diets develop a deficiency disease which is corrected 
by incorporating small amounts of linoleic, liimlenic, or arachidonic acids 
in the diet. Holt (5) lias reported that olein, olive oil, and soybean oil are 
superior to butter fat in the nutrition of premature infants because these 
fats are more readily absorbed than butter fat. Recently Gullickson and 
Fountaine. (6) have observed the superior nutritive value of butter fat over 
certain vegetable* oils in the nutrition of the calf. Aside* from these studies 
we are unaware of any clear-cut evidence that one fat is superior to another 
in normal nutrition. 

EXPERIMENTAL 

Weanling rats about 21 days old and weighing about 40 grams or less 
were used for these studies. The different fats were separately homogenized 
into skimmed milk with a small hand homogenizes A small portion of 
skimmed milk was heated to about 40° C. and the fat to be added was 
weighed out, melted, and the two ingredients homogenized. The homog¬ 
enized material was then diluted with eold skimmed milk to bring the 
fat content to 4 per cent. Twenty micrograms of crystalline [3-carotene 
were added to each gram of fat except butter fat to which were added 
ten mierograms of (3-carotene as a source of vitamin A. AH animals 
were irradiated ten minutes each day. The fats used were fresh 
and the butter fat was obtained from salt-free butter. Fresh skimmed milk, 
obtained daily from the University Creamery, was used throughout the ex- 
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periments. Analysis showed that this skimmed milk contained 0.04 per cent 
of butter fat. All milks were mineralized with iron, copper, and manganese 
so that each 100 cc. of milk contained 1.5 mg. of iron, 0.15 mg. of copper, 
and 0.15 mg. of manganese. 

For each experiment three males and three females were placed on each 
milk and all animals were kept in separate cages. The animals were treated 
as nearly alike as possible and were fed the milk ad libitum but care was 
taken not to give an animal much more than it would consume in a day 
because of the danger of fat separation and the animal consuming more fat 
in proportion to other ingredients in the milk. All animals were weighed 
weekly. 

In the first trials the following diets were fed: 

Skimmed milk plus butter fat to make four per cent fat 

44 " 44 corn oil 44 4 4 44 4 4 " 44 

44 41 44 coconut oil “ 4 4 4 4 4 4 44 41 

In later trials cottonseed oil and soybean oil were fed in the same manner 
as the above fats. The results from the first experiments indicated that the 
rats on butter fat made better gains and were much better appearing during 
the first three weeks of the experiment than the animals on corn oil or coco¬ 
nut oil. These animals were carried through to maturity and the females 
in each group mated with a male from the same group. All females on the 
three fats showed normal estrous cycles. Normal litters were obtained from 
all females on butter fat and all pups were raised to maturity. The litters 
from the females on corn oil were usually small and some of the pups wen* 
weak and died shortly after birth. The mother would usually eat the rest 
of the litter within a few days. Occasionally the udders of the females on 
corn oil would be caked, swollen, and sensitive to touch. No litters were 
obtained from the females on coconut oil. However, the females became 
pregnant but the fetuses were reabsorbed, which suggested a vitamin E 
deficiency. Administration of 2-3 mg. of pure natural a-tocopherol relieved 
the reproduction difficulties, but the pups were in very poor condition. No 
pups obtained from the females on corn oil or coconut oil after administra¬ 
tion of a-tocopherol could be raised and the experiment had to be discon¬ 
tinued. In subsequent experiments 100 micrograms of synthetic a-to¬ 
copherol, dissolved in alcohol, were added to all milks once each week. No 
minerals were added to the milk on the days when the a-tocopherol was fed 
in the milk. 

The results obtained on several successive experiments representing 3(5 
rats on each fat supported the earlier observations that the rats on butter 
fat made more rapid gains during the first three weeks of the experiment 
than the rats on corn oil and coconut oil. In recent experiments 12 rats on 
cottonseed oil and 6 rats on soybean oil were included in the feeding experi¬ 
ments. The growth obtained on the latter fats incorporated into skimmed 
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milk was similar to that obtained on corn oil and coconut oil during the 
first two or three weeks. After this period of time the animals on the vege¬ 
table oils grew as well as the animals on butter fat but still were inferior in 
appearance; the hair coat being coarser and dull in appearance. The weight 
records of these animals are represented in charts I and II. The curves in 



Chart II. Average gain made during the first three weeks on experiment by male 
and female rats representing 36 rats (18 males, 18 females) on each of the following 
fats, butter fat, corn oil, and coconut oil, 12 rats (C males, 6 females) on cottonseed 
oil, and 6 rats (3 males, 3 females) on soybean oil. 


chart I represent the average weights for each week for the male and female 
rats. Chart II represents the gain made by the male and female rats during 
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the first three weeks on all experiments. The gains made by the male rats 
on butter fat during the first three weeks were 22 per cent greater than on 
corn oil, 23 per cent greater than on coconut oil, 14 per cent greater than on 
cottonseed oil, and 26 per cent greater than on soybean oil. The gains made 
by the female rats on butter fat on the same experiment were 24 per cent 
greater than on corn oil, 38 per cent greater than on coconut oil, 9 per cent 
greater than on cottonseed oil, and 9 per cent greater than on soybean oil. 

In view of the fact that blitter fat consistently gave a better growth 
response, it was considered advisable to add the mm-saponifiable fraction 
of butter fat to corn oil and coconut oil in order to make a more comparable 
experiment and determine if the growth differences still existed. The non- 
saponifiable fraction of butter fat was prepared as follows (7). One hun¬ 
dred grams of melted butter fat were poured into 200 ec. of 20 per cent 
alcoholic potassium hydroxide solution and the saponification allowed to 
proceed for four hours at 37° C. The material was then diluted with 800 
cc. of water and extracted several times with ether. The ether solution was 
washed twice with water and evaporated to dryness under vacuum. The 
remaining material was then taken up in 100 grams of the oil to be fed. 
Since ten micrograms of (3-carotene were added to each gram of butter fat 
used for making the butter fat milks, ten micrograms of carotene were added 
to each gram of corn oil and coconut oil containing the non-saponifiable nm- 



Cha&t III. Average gain made during the first three weeks on experiment by male 
and female rats representing 18 rats (9 males, 9 females) on each of the following fats: 
butter fat, corn oil plus non-saponifiable fraction of butter fat and coconut oil plus non- 
aaponifiable fraction of butter fat. 
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terial. The animals were irradiated and treated exactly as in the experi¬ 
ments previously described. a-Tocopherol was added to the milk once each 
week. Three trials have been carried out comparing butter fat with corn 
oil and coconut oil plus the non-saponifiable fraction of butter fat represent¬ 
ing 18 animals on each fat. The rats on the fats with the non-saponifiable 
fraction of butter fat added showed no better response than the animals fed 
the fats without the non-saponifiable fraction. Chart III illustrates the 
gain made by these animals during tin* first three weeks on the experiments. 
Comparison of chart III with chart II or IV clearly illustrates that the 
inferior growth obtained on the corn oil and coconut oil milks is not cor¬ 
rected by adding the non-saponifiable fraction of butter fat to those fats. 

The data on tin* growth and food consumption in a single experiment 
(experiment 8) involving the five fats art' represented in chart IV and 
tables 1 and 2. In the case of the corn oil and coconut oil, the non-saponi- 


TABLE I, Expkiuuknt 8 

Avernpe da H i/ (tains for each week for male and female rals 
( f! animals on eneh fai—3 males, 3 females) 


Week 

l 

Butter f 

Corn 

Males 

Coconut 

(-ottonseed 

Soybean 


fat ! 

oil 

, oil 

. . oi !. __ 

oil 

. 


(j m . 

ft m. 

pm. 

pm. 

pm. 

1 

. ... 2.8 

1.7 

2.3 

2.3 

1.8 

2 

4.r> 

3.7 

3.8 

4.0 

3.4 

3 

a.9 

2.4 

2.9 

3.4 

3.4 

4 . 

3.7 

3.3 

3.4 

2.0 

3.0 

5 

3.3 

4.1 

5.0 

3.3 

4.7 

0 

3.4 , 

3.0 

2.0 

3.9 

| 4.7 


1 


Females 




pm. ! 

pm. 

fftn. 

pm. 

pm. 

1 

2.0 

1.8 

2.1 

2.1 

1.7 

2 

3 . 

. 3.8 

' 3.1 

3.0 

3.5 

3.4 

3.4 

2.9 

*2.0 

3.1 

3.0 

4 . 

. .. 3.3 

2.0 

1.4 

2.4 

2.4 

5 ... 

. ... 2.9 

3.4 

2.7 

2.0 

2.7 

0 

2.0 

2.0 

2.0 

1.7 

i 


Sable matter of butter fat equal to that in the four per cent of butter was 
added. Chart IV illustrates the gain made during the first three weeks on 
the experiment. Table 1 shows the average daily gains made by the male 
and female rats during each week of the experiment. The differences in 
growth rate appeared most noticeable and consistent during the first three 
or four weeks. During this period the rats on butter fat gained from one- 
half to one gram more than the animals on the vegetable oils. Table 2 shows 
the number of cc. of milk required to produce one gram of gain in weight 
during each week of the experiment. With the exception of some variation 
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TABLE 2, Experiment 8 


Number cc. milk to produce one gram gain in weight for each week 
(d animals on each fat—$ males, $ females) 



Males 

Week 

Butter 

Corn 

Coconut 

Cottonseed 

! Soybean 


fat 

oil 

oil 

oil 

oil 


cc. 

cc. 

cc. 

cc. 

| cc. 

1 . 

10.7 

19.9 

11.7 

12.0 

j 14.6 

2 . 

10.5 

10.8 

10.8 

10.9 

11.0 

3 . 

13.7 

17.5 

17.9 

15,0 

13.6 

4 . 

18.3 

16.2 

20.6 

20.0 

19.8 

5 . 

20.6 

14.6 

14.3 

23.1 

16.4 

6 . 

20.0 

16.6 

28.3 

15.2 

16.5 

Average at end 





i 

of 3 weeks .. 

11.6 

16.0 

13.5 

12.6 

13.1 

Average at end 





j 

of 6 weeks. 

15.6 

35.9 

17.2 

16.0 

15.3 

i 


Females 


cc. 

cc. 

cc. 

cc. 

! cc. 

1 . 

10.6 

14.8 

12.2 

11.9 

15.9 

2 

13.5 

12.3 

• 13.9 

12.8 

11.5 

3 ’..I 

35.1 

18.0 

17.9 

17.3 

15.6 

4 . 

21.2 

23.0 

28.3 

23.0 

27.6 

5 . 

22.4 

18.8 

20.1 

26.0 

20.7 

6 . 

27.1 

22.0 

28.3 

29.3 

j 31.7 

Average at end 






of 3 weeks.... 

12.4 

15.0 

14.6 

14.0 

! 14.3 

j . 

Average at end 





i 

of 6 weeks. 

18.0 

38.1 

20.1 

20.1 

| 20.5 


the butter fat milk appears to be utilized more economically than the other 
milks. This shows well in the average at the end of three weeks but the 
average at the end of six weeks does not show* differences in all cases. 

Figure 1 illustrates the differences in growth and general appearance of 
rats at the end of three weeks on butter fat, corn oil, and coconut oil milks. 
Number 1, on butter fat, gained 63 grams; number 7, on corn oil, gained 45 
grams; and number 13, on coconut oil, gained 40 grams during the first three 
weeks of the experiment. 

Since considerable difficulty was encountered in raising the pups from 
the females on the vegetable oils, even after a-tocopherol was fed, this part 
of the investigation, in which all animals have received a-tocopherol 
throughout the experiment, is being repeated. 

DISCUSSION 

While the differences in growth on the different milks were small, the 
growth rates of the animals on the butter fat milk were consistently greater 
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Chart IV' (Exp. 8). Average gain made during the first three weeks on experi¬ 
ment by male and female rats representing 6 rats (3 males, 3 females) on each of the 
following fats: butter fat, eorn oil, coconut oil, cottonseed oil, and soybean oil. 



Fig. 1. Illustration of the differences in growth and appearance of rats after three 
weeks on the following fats homogenized into skimmed milk: butter fat (No. 1) gained 
03 grams; com oil (No. 7) gained 45 grams; and coconut oil (No. 13) gained 40 grams 
during the first 3 weeks of the experiment. 

during the first two or three weeks of each experiment than the growth rates 
of the animals on the milks containing the different vegetable oils. After 
about three weeks these differences became less apparent. Another impor¬ 
tant observation in these experiments is that the animals on butter fat liad a 
better general appearance anil a finer coat of hair than the animals on the 
milks containing the vegetable oils. These points were observed even after 
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the non-saponifiablc fraction of butter fat was added to the corn oil and the 
coconut oil. It appears then that the growth-stimulating property of butter 
fat found in these experiments lies in the saponifiable fraction of butter fat. 
However it is possible that the saponification process may have destroyed 
the growth-stimulating property but this point cannot be definitely settled 
until the fatty acid fraction of butter fat is fed along with the vegetable 
oils. The saponification was carried out at 37° C. to prevent, as much as 
possible, any destruction of growth factors. There is also the possibility 
that the change from the milk of the mother to the milks fed in these experi¬ 
ments is greater for the vegetable oils than for butter fat and the animals 
lose time in becoming accustomed to the different milks. However, m mauy 
cases the animals did well for the first week and then dropped off in growth, 
which points to the possibility of some deficiency of a factor necessary for 
optimum growth rather than adaptation to the different milks. If a de¬ 
ficiency of some factor does occur in the young animals on the vegetable oil 
milks, the animals apparently supply themselves with the faetor after a 
time since the growtli rate becomes equal to that on butter fat. The fact 
that corn oil did not give optimum growth indicates that the inferior growth 
is not caused by the lack of the now recognized essential unsaturated fatty 
acids. 

The food consumption records of the animals on the different milks show 
that the butter fat milk was utilized more economically for growth than tin* 
milks containing the vegetable oils. This was true especially during the 
first part of the growing period. Holt (5) has reported that soybean oil is 
superior to butter fat in infant nutritiou because this oil is more easily 
absorbed than butter fat. In ou,r work soybean oil was found to be much 
inferior to butter fat, especially during the first week of the experiment 
(tables 1 and 2). However, in our w r ork it was observed that the animals 
on the soybean oil milk and cottonseed oil milk had gained more weight 
within the first three weeks than the animals ou the corn oil and coconut oil 
milks but still were inferior to the animals on the butter fat milk. Gullick- 
son and Fountaine (6) found that calves about one week of age placed on 
certain vegetable oils homogenized into skimmed milk died after a time 
while calves on butter fat homogenized into skanraed milk grew normally. 
If we could have started our rats earlier than three weeks of age and pre¬ 
vented the pups from receiving the fat from the mother’s milk, greater 
differences in weight and appearance might have resulted. 

The data on growth have been treated statistically and found to be 
significant. 

CONCLUSIONS 

Good growth was obtained in rats on a diet of four per eent butter fat, 
corn oil, coconut oil, cottonseed oil, or soybean oil homogenized into min¬ 
eralized skimmed milk. Sufficient quantities of all known vitamins were 
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supplied to each diet. However, rats on butter fat made better and more 
efficient gains during the first two or three weeks on the experiment than 
rats on the vegetable oils homogenized into skimmed milk. This growth- 
stimulating property of butter fat appeared to lie in the saponifiable frac¬ 
tion since feeding the non-saponifiable fraction along with corn oil or coco¬ 
nut oil did not give the same response as was obtained with butter fat. Rats 
raised on butter fat milk had a much better appearing coat of hair through¬ 
out the experiment than the rats raised on the vegetable* oil milks. 

It appears that the kind of fat in the diet is important in the nutrition of 
the young growing animal. 
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DETERMINATION OF FAT, MOISTURE, AND SALT 
IN SOFT CHEESE 

G. II. WTLSTER, Chairman. W. V. PRICE, A. J. MORRIS, 

E. F. GOSS, G. P. SANDERS 
The Subcommittee for the Analysis of Cheese, A. Z). S. A. 

Methods for determining the fat, moisture and salt contents of hard cheese 
were reported by the committee in 1936. They were published in Volume 
XX, No. 1, of the Journal of Dairy Science. 

The methods outlined below are applicable in analyses of such varieties as 
Limburger, Brick, Roquefort, Bel Pa esc, cottage, Neufehatel, cream, Camem- 
bert, etc., or such varieties as are characteristically sticky. In analyzing 
samples of cheese which are more firm in texture, the methods previously out¬ 
lined for hard cheeses (1) are used. All analyses should be made in duplicate. 

1. Sampling: 

When the cheese can be cut, take a narrow wedge-shaped segment reaching 
from the outer edge to the center. If the loaf or block is small, cut it through 
the center and remove a slice of suitable thickness to provide a sufficient 
amount of sample, from the freshly cut surface. If the cheese, or the contents 
of a package, is too small for obtaining a slice the whole cheese or the total 
contents of the package must be used. Cut the sample into strips and pass 
through a food grinder (the preferable method), then place a representative 
portion in a glass tumbler. If it is necessary to save the cheese and it is not 
desirable to cut the cheese, in the case of some varieties, take the sample by 
means of a cheese trier. Remove a plug, as long as possible, from the outer 
edge, at a point mid-way between the top and bottom surfaces. When pos¬ 
sible draw three plugs from different and representative points. For inspec¬ 
tion purposes reject one-half inch nearest the rind, but for analyses requiring 
absolute data reject only such portion at the surface as may be inedible. If a 
plug sample is used, cut and mix the sample thoroughly in a tumbler by means 
of a spatula. In the case of some varieties which are very soft, such as cottage 
and Neufehatel, remove from the package, by means of a spatula, a wedge- 
shaped portion or a slice as described above, transferring this portion to a 
tumbler to be mixed thoroughly with a spatula and analyzed at once. 

All samples unless analyzed immediately are wrapped in foil or similar 
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non-absorbent material before being ground and are enclosed in small, air¬ 
tight, stoppered containers and analyzed as soon and as rapidly as possible 
without unnecessary exposure to the air. Samples not analyzed at once are 
kept in a refrigerator. 

2. Determination of fat: 

(1) Weigh exactly 9 grams of sample as prepared above into a dry, fared, 
9-gram, 50 per cent, large-bodied Babcock cream test bottle. This operation 
should be carried out quickly. The cheese is inserted into the bottle by means 
of a thin-walled Pyrex glass tube 6 inches long and 11/32 inch outside diam¬ 
eter, and a solid glass rod 6| inches long and about 1 inch in diameter, or of 
the proper size to fit snugly, without binding, into the glass tube.* Cheese 
is inserted into the glass tube by tapping into the sample with the end of the 
tube; for very soft cheeses, such as cottage, the tube and the tumbler con¬ 
taining the sample should be held in a horizontal position, while the cheese is 
being inserted. The outer surface of the tube is wiped several times against 
the inside of the top of the tumbler and then wiped dean on a paper towel. 
The tube is inserted into the neck of the bottle and the cheese is pushed into 
the bottle by means of the glass rod. The rod is wiped clean after it is 
removed from the tube. By this method cheese is not left sticking to the inner 
surface of the neck of the test bottle. 

(2) Add 12 ce. water at a temperature of 160° to 170° F. Mix well with 
the cheese. 

(3) Add in several installments 17.5 cc. sulphuric acid (sp. gr. 1.82 to 
1.83), shaking the bottle after each addition of acid. Let the bottle stand 
until all part icles of cheese have .dissolved. 

(4) Centrifuge and add water as when testing cream. 

(5) Place the bottle in a water bath 130° to 140° F., with the water level 
above the level of the fat. After 5 minutes add glymol and read the per¬ 
centage of fat. Duplicate samples should check within 0.5 per cent. 

3. Determination of moisture: 

The sample in a tumbler having been prepared as directed above, the 
weighing of the sample should be begun immediately and completed as rap¬ 
idly as possible in order to avoid evaporation due to unnecessary exposure 
to the air. 

(a) For laboratories. 

(1) The moisture dishes and covers are dried for 1 hour at 100° C. 

and allowed to cool for \ hour in a desiccator containing sulphuric acid 

or other desiccant. 

(2) A cover is placed on the dish and both are weighed on a chemical 

balance, preferably chainomatie. 

* Suggested by Robert E. Harden, XT. 8. D. A. 
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(3) Approximately 2 to 3 grams of the sample are placed in the dish, 
the cover is immediately replaced, and a second weighing is made. Tests 
should always be made in duplicate or triplicate for the greatest accuracy. 

(4) The samples are dried, with covers, in an oven at 100° C. If a 
vacuum of 20 inches or more is available, 10 hours’ drying should suffice; 
if no vacuum is used, 24 hours’ drying is recommended. Spattering may 
be minimized by placing the samples in the oven when the oven tempera¬ 
ture is below 50° C. so that the samples are heated slowly. Covered dishes 
must be used to avoid losses of cheese when samples are placed in a hot 
oven. Vacuum should be applied slowly and released slowly. 

(5) After drying, the samples are placed in a desiccator for about one 
hour, or until they reach room temperature, and each is weighed, without 
further delay. 

(6) Loss in weight divided by weight of sample multiplied by 100 
equals percentage of moisture. 

Either 30 ee. pyrex beakers or aluminum dishes approximately 50 mm. in 
diameter and 22 mm. deep may be used. Each dish should be plainly and 
permanently numbered. 

For routine laboratory analysis, if a balance having a tare beam and beams 
for direct readings and possessing a sensibility reciprocal* of 15 mg. is avail¬ 
able, the above procedure is used with the following modifications: 

(1) A dish 3 inches in diameter and 1 inch deep is used. 

(2) Exactly 10 grams of the freshly-prepared sample are quickly 
weighed into the dish. 

(3) A cover is placed loosely on the dish. After being dried in an 
oven and cooled in a desiccator, the dish and cover are placed on the bal¬ 
ance, and the percentage of moisture is read on the beams to the nearest 
0.1 per cent. Duplicate samples when properly dried should cheek within 
0.2 per cent. 

(b) For cheese factories. 

(1) Tare a dry, aluminum dish with cover on a balance which is 
equipped with a tare beam and with beams that permit the direct read¬ 
ing of the percentage of moisture. The balance should have a sensibility 
reciprocal of 15 mg. Tf the dish is first heated in order to dry it, cooling 
it afterwards to room temperature is important. A dish 3 inches in 
diameter and about 1 inch deep is satisfactory. 

(2) From the freshly prepared sample weigh 10 grams cheese into 
the dish. This operation should be done quickly. The lid is placed 
loosely on the dish so as to permit the escape of moisture. The lid pre¬ 
vents the escape of fat and casein if spattering occurs. 

(3) The dish is placed in an oven and heated slowly to a temperature 

* * The pointer should be deflected a distance equal t o one division on the graduated 
portion when 15 mg. are placed on either scale pan when the scale is loaded to capacity. 
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of 220° to 230° F. This temperature should be maintained for 24 hours. 
An electrically heated oven equipped with a heat regulating device is 
satisfactory for this purpose. ‘If electricity is not available, a pressure 
steam oven may be used. Since steam is usually not available over a 
period of 24 hours in the average cheese-factory, with a steam pressure 
in the jacket of the oven of from 40 to 50 pounds, and a temperature in 
the oven of 290° F., the drying can be completed in 4 to 6 hours. The 
temperature should be increased over a period of 1 hour to that desired. 
This procedure will avoid boiling over of the cheese. Electrically heated 
ovens can also be used for this short drying treatment. 

(4) When the dish is removed from the oven the lid is placed tightly 
on the dish and the dish with moisture-free material is placed on a cool 
surface to cool to room temperature. The dish is then placed on the 
balance and the percentage of moisture read on the beams to the nearest 
0.1 per cent after equilibrium has been reached. Duplicate samples 
should check within 0.2 per cent. 

4. Determination of salt ( sodium chloride): 

Weigh accurately approximately 3 grams of the prepared sample of 
cheese into a 300 cc. Erlenmeyer flask and add 10 cc. of 0.1711 N silver nitrate 
solution, (prepared by using 29.06 grams of C.P. silver nitrate (AgN0 3 ) and 
making up to one liter in distilled water) or an amount more than sufficient 
to combine with all of the chlorine. Add 15 cc. of halogen-free, chemically 
pure nitric acid and 50 cc. of water and boil. As the mixture boils add ap¬ 
proximately 15 cc. of saturated potassium permanganate solution in 5 cc. 
portions. Boil until all cheese .particles are digested. Dilute the solution 
to about 100 cc., decant off the liquid into a beaker, and wash the precipitate 
by adding 100 cc. of water and decanting again. Add 3 cc, of a saturated 
solution of ferric ammonium sulfate as an indicator and titrate the excess 
silver nitrate with 0.1711 N potassium or ammonium sulfocyarmte (prepared 
by dissolving 16.63 grams C.P. potassium sulfoeyanate and making up to one 
liter in distilled water). Run a blank on the reagents used, following the 
same procedure, except to add sugar to destroy the excess of permanganate. 
The number of cc. of silver nitrate used minus the titration value divided by 
the weight of sample equals the percentage of sodium chloride in the sample. 
The reagents should be standardized against a salt solution containing 10 
grams of chemically pure, dry sodium chloride per liter. 
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OXIDIZED FLAVOR IN MILK: I. EFFECT OF THE DEVELOP¬ 
MENT OF OXIDIZED FLAVOR ON THE IODINE NUMBER 
OF THE PHOSPHOLIPID FRACTION OF MILK 

A. M. SWANSON anj> H. H. SOMMER 
Depart ment of Dairy Industry, University of Wisconsin , 

Oxidized flavor in milk and milk products is generally accepted to be 
the result of oxidation of one or more of the lipids present in milk. The 
oxidation of the unsaturated fatty acids present in butterfat was originally 
thought to be the source of oxidized flavor, but the evidence presented by 
certain workers shows that the phospholipids present in milk may play an 
important role. 

The work reported herein was undertaken to determine which of the 
lipid constituents in milk had undergone a change on the development of 
oxidized flavor. The oxidized flavored milk used in these experiments was 
obtained by the addition of copper in the form of copper sulfate solution. 
Unfortunately there was no milk available which would develop the off flavor 
spontaneously. 

REVIEW OF LITERATURE 

Thurston (13) states that three classes of milk must be recognized, when 
oxidized flavor is studied. lie suggests that the following names and classi¬ 
fications be used: 1, spontaneous milk —milk which will develop oxidized 
flavor without any added metallic catalyst; 2, susceptible milk —milk which 
requires the addition of copper or iron to cause the development of oxidized 
flavor; and 3, non-susceptible milk —milk in which oxidized flavor cannot be 
produced by the addition of a metallic catalyst. The above classifications 
will be used in this paper when referring to the different classes of milk. 

Evidence was presented by Thurston, Brown and Dustman (14) to indi¬ 
cate that the phospholipid fraction of milk rather than the butterfat was the 
substance which had undergone oxidation on the development of oxidized 
flavor. These workers found that the intensity of the oxidized flavor in 
cream, skimmilk, buttermilk and butter obtained from oxidized milk was in 
direct relation to their phospholipid content. Remade milk, in which 
washed cream from oxidized milk was incorporated into normal skimmilk, 
did not have an oxidized flavor. The addition of copper to remade milk in 
which butterfat from normal milk was used did not develop an oxidized 
flavor. Tallowy butterfat incorporated into skimmilk produced a milk hav¬ 
ing a flavor differing from the typical oxidized flavor. These findings would 
indicate that the phospholipids which are removed by washing the butterfat 
play'an important role in the development of oxidized flavor. 

Becdved for publication August 4, 1939. 
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Horrall (7) found skimmilk to contain about half the amount of lecithin 
contained in the original whole milk. Thurston, Brown and Dustman (14) 
use this fact that skimmilk does contain lecithin to explain the development 
of oxidized flavor in skimmilk. 

Chilson (3), working with spontaneous milk, also found that milk remade 
from washed cream would not develop an oxidized flavor. The addition of 
small amounts of copper sulfate to this remade milk would not cause the 
oxidized flavor to develop, but the addition of 30 p.p.m. of copper produced 
a tallowy flavor. 

Dahle and Palmer (4) substantiate the findings of Thurston, Brown and 
Dustman (14) in regard to the development of oxidized flavor in susceptible 
milk, but they found that on the addition of washed cream to skimmilk from 
spontaneous milk that the remade milk developed an oxidized flavor. 

Iioland and Trebler (11) standardized milks and after exposing these 
milks to copper, found that the higher the percentage of fat, the more intense 
was the oxidized flavor. They also suggest that lecithin may be a factor in 
the development of oxidized flavor. Horrall (7) found that as the amount 
of butterfat in milk increased so did the amount of lecithin present increase. 

Beck, Whitnah and Martin (1) found no relation between the frequency 
of occurrence of oxidized flavor and the lecithin content of raw milk. 

Thurston, Brown and Dustman (15) observed that homogenization, pro¬ 
longed agitation at low temperatures, and freezing and thawing of milk 
caused the milk to become less susceptible to the development of oxidized 
flavor. The explanation given for the above results is that lecithin is trans¬ 
ferred from a film around the fat globules into the serum, and being in a 
more dilute form and more widely dispersed, it is not so readily oxidized. 
Tracy, Ramsey and Ruehe (16) and Ross (12) have also found that homog¬ 
enization makes milk less susceptible to oxidized flavor. 

Kende (8) has shown that the iodine number of butterfat decreases with 
the development of oxidized flavor due to the addition of a metallic catalyst 
to the milk. He also found that when milks developed the flavor spon¬ 
taneously there was a decrease in iodine number but not as large as with 
metal contamination. Dahle and Palmer (4) observed a decrease in the 
iodine number of butterfat when oxidized flavor developed spontaneously. 
Browm, Dustman and Thurston (2) could find no appreciable difference due 
to copper contamination in iodine number of butterfat from normal milk 
and from oxidized milk. 

From the work of Henderson and Roadhouse (5) milk to which copper 
had been added developed oxidized flavor, but the butterfat had passed only 
a fraction of its induction period. Holm and Greenbank (6) report that the 
iodine number of butterfat does not decrease until after the end of the induc¬ 
tion period 1ms been reached and the oxygen absorption is on a rapid 
increase. 
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EXPERIMENTAL 

The object of these experiments was to compare the iodine numbers of 
the phospholipid fractions from normal milks with those from oxidized milks 
and also to compare the iodine numbers of butterfat from the same milks. 
After some preliminary experiments, the following 1 procedure was adopted 
for obtaining iodine numbers of the phospholipid fraction. 

Experiment 1 

Ten gallons of milk from the University Creamery intake was pasteurized 
at 62.2° 0. for 30 minutes in two aluminum milk cans. The milk was then 
immediately cooled to 32° C. arid divided into two equal lots. Lot A was 
separated in a new hand separator and the cream cooled and held at 0° C. 
To lot U copper sulfate solution was added at a concentration of 3 p.p.m. 
of copper, and then the milk was cooled to 4° C. and held at that temperature 
for three days. 

The cream from lot A. after being held at 0° C. for 3 hours, was churned 
in stainless steel laboratory churns. The buttermilk was used as the source 
of the phospholipid fraction. Four liters of buttermilk were extracted by 
the Rose-Got tlieb ether extraction method. The ether was then removed 
from the lipid residue by distillation under vacuum at a temperature of not 
over 30° C. The distillation was carried on in a complete glass distilling 
apparatus, and the distillate receiving vessel was packed with dry ice. The 
vacuum was obtained by means of a mechanical pump. 

Immediately upon the removal of the ether from the lipid residue, 500 
co. acetone at 24° C. was added. The phospholipids, lecithin ami cephalin, 
are insoluble in the acetone and form a flocculent white precipitate. The 
acetone containing the butterfat in solution was removed by decantation. 
The precipitate was then rewaslied with acetone until the acetone remained 
colorless. The precipitate was dried under vacuum and, when dry, imme¬ 
diately taken up in 60 ce. of chloroform. 

Hanus iodine number determinations were made in duplicate on 10 co. 
samples of the chloroform solution. The weight of the phospholipids in 10 
ce. of the sample was obtained by determination of dry material on evapora¬ 
tion of the chloroform. 

The acetone containing the rest of the lipid residue was held at 0° C. 
for 10 hours. Further precipitation of lipid present in the acetone solution 
occurred. This precipitate was handled in similar manner to the previous 
precipitate and duplicate Hanus iodine number determinations were made. 

The acetone was also removed from the remaining soluble lipid fraction 
by means of vacuum distillation and iodine number determinations were 
made on this residue. A sample of butter oil prepared from the butter 
obtained in churning was used for Hanus iodine number determinations on 
butterfat. The peroxide number and the index of refraction were also 
determined on the last two samples. 
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The milk in Lot B at the end of the three day storage period had 
developed a distinct oxidized flavor. 

The milk was warmed to 32° C. and separated. The cream was then 
handled in the identical manner as was the cream in Lot A. Care was taken 
in the separation and analysis of the lipid fractions so that all conditions 
were the same. 

Experiment 2 

This experiment was conducted in a manner similar to experiment 1 for 
the purpose of verifying the previous results. Instead of starting with 
whole milk, six gallons of raw cream containing 30 per cent of butterfat 
from the separator in the University Creamery was used. The cream was 
pasteurized at <32.2° C. for 30 minutes in an aluminum milk can and then 
cooled to 32° C. The cream was divided into two equal lots. Lot A was 
immediately cooled to 4° C. and held 10 hours before churning. Three 
p.p.m. of copper in the form of copper sulfate solution was added to lot B, 
and it was then cooled to 4° C. and held at this temperature 72 hours before 
churning. 

After churning, the two lots were handled in the identical manner as the 
two lots in experiment 1, but only the phospholipid fraction was removed 
from the ether soluble fraction for the iodine number determinations. 
Harms iodine number determinations were made on samples of butter oil 
prepared from the butter obtained on churning of the two lots of cream. 

Experiment 1 was conducted during the first week of July 1938 and 
experiment 2 during the third week of April 1939. 

EXPERIMENTAL DATA 

Table 1 summarizes the data obtained in experiment 1. The values for 
iodine numbers on the different lipid fractions are averages of the duplicate 
determinations. 

TABLE 1 


The effect of the development of the oxidised flavor on the fat constants of 
the different fat fractions from normal and oxidised milh 




| Fat constants 

Lipid fraction 

Source of lipid 
fraction 

Iodine 

No. 

Refrac¬ 

tive 

index 

40° C. 

Peroxide 

No. 

Fraction insoluble in acetone at 
24° C. (lecithin and cephalin) 

f Normal milk I 
( Oxidized milk ' 

60.34 

33.53 



Fraction soluble in acetone at 
24° C. but insoluble at 0° C. 

f Normal milk j 
( Oxidized milk 

20.47 

32.15 



Fraction soluble in acetone at 

0° 0.... 

f Normal milk | 
\ Oxidized milk 

52.58 

52.52 

1.450 

1.388 

0.0 

trace 

Butter-oil . 1 

i 

| f Normal milk 
| ( Oxidized milk 

47.96 

48.50 

1.419 

1.418 

0.0 

trace 
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Table 2 gives a summary of the iodine number determinations made on 
the phospholipid fraction (lecithin and ceplialin) of normal and oxidized 
milks and on the butler-oil samples obtained from the same milks in 
experiment 2. 

TABLE 2 


The effect of the development of oxidized flavor on the iodine numbers of the phospholipid 
fractions and of samples of butter-oil from normal and oxidized milk 


Lipid fraction j 

Source of lipid fraction j 

Iodine number 

Fraction insoluble in acetone at 

f Normal cream 

48.72 

24° C. ! 

) Oxidized cream 

i 

33.67 

Butter-oil ... 1 

( Normal cream j 

33.12 

j 

'/ Oxidized cream 

32.82 


DISCUSSION 

Evidence in the literature suggests that the lecithin in milk rather than 
the butterfat becomes oxidized during the development of oxidized flavor. 
No chemical evidence has been given to substantiate the above assumption 
outside of the work of Brown, Dustman and Thurston (2). These workers 
could And no appreciable difference in the iodine number of butterfat from 
normal milk as compared to butterfat from oxidized milk. They also sug¬ 
gest that if oxidation of the lecithin had occurred there would not have been 
a marked change in the iodine number of the butterfat due to the small 
quantity of lecithin present. From the work of Kende (8) and Dahle and 
Palmer (4) the butterfat must also undergo oxidation when the oxidized 
flavor develops spontaneously in milk to w ? hieli no metallic catalyst has been 
added. 

The phospholipids, lecithin and eephalin, are insoluble in acetone at room 
temperature and will form a white floeculent precipitate, while the rest of 
the lipid fraction is quite soluble. This property of the phospholipids, 
lecithin and eephalin, was used in removing them from ether soluble residues 
obtained from normal and oxidized buttermilk. Lecithin and eephalin are 
soluble in chloroform, and chloroform solutions of the phospholipids were 
used for the Harms iodine number determinations. 

In this work no attempt w r as made to separate the eephalin from the 
lecithin, so the reported results indicate changes in the phospholipid fraction 
containing lecithin and eephalin. The results may then be due to oxidation 
occurring in the lecithin or in the eephalin or in both substances. Kurtz, 
Jamieson and Holm (9) by means of titration with sodium hydroxide found 
that purified glycero-phospbatides of milk consist of 44 per cent eephalin 
and 56 per cent lecithin. Rewald (10) in a recent paper found butter 
phosphatides have approximately the following composition: 36 per cent 
eephalin (alcohol insoluble), 50 per cent lecithin (alcohol soluble) and a 
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14 per cent fraction which is soluble in hot alcohol and insoluble in cold 
alcohol. 

Brown, Dustman and Thurston (2) calculated the theoretical iodine 
number of a lecithin which contains one saturated fatty acid, stearic, and 
one unsaturated fatty acid, oleic, to be 31.54. At one time it was generally 
assumed that milk lecithin contained one saturated and one unsaturated 
fatty acid; this assumption has since been found to be untrue, Kurtz, 
Jamieson and Holm (9) assumed that there is a mixture of fatty acids in 
milk phospholipids and that oleic acid represents 70.0 per cent of the fatty 
acids present. They also state that there are none of the lower fatty acids 
in the glycero-phosphatides of milk. 

From experiments 1 and 2 the iodine numbers of the phospholipid frac¬ 
tion from oxidized milk were 33.53 and 33.67 respectively. The oxidation 
of the phospholipid fraction is not complete and the final iodine numbers 
are quite close to the theoretical iodine number of 31.54 for lecithin assuming 
stearic acid and oleic acid, so it would seem that one oleic acid molecule in 
each molecule of lecithin remained unoxidized. The iodine number of the 
phospholipid fraction from the normal summer milk in experiment 1 was 
60.34 and for the normal early spring milk in experiment 2 was 48.72. Both 
of these iodine numbers were considerably higher than those for phospho¬ 
lipid fractions of oxidized milk, which indicates the presence of more than 
one unsaturated fatty acid in each molecule of lecithin. The phospholipid 
fraction from summer milk contains more unsaturated fatty acids than the 
phospholipid fraction from early spring milk. Apparently the presence of 
natural reducing substances in summer milk tends to inhibit the development 
of oxidized flavor even though the iodine number is higher. 

In both experiment 1 and experiment 2, the milk to which copper had 
been added developed typical oxidized flavor. In experiment 1 there was 
a 44.41 per cent reduction in iodine number of the phospholipid fraction, 
and in experiment 2, a 30.89 per cent reduction in iodine number of the 
phospholipid fraction on the development of oxidized flavor. 

There was no significant difference between the iodine numbers obtained 
on samples of butterfat from normal and oxidized milk. In experiment 1 
there also appeared little difference in the refractive indices of butterfat 
from normal and oxidized milk. The sample of butterfat from oxidized 
milk showed a trace of peroxide formation but none was observed in the 
sample of butterfat from normal milk. 

In experiment 1 the lipid fraction soluble in acetone at 24° C. and in¬ 
soluble at 0° C. evidently contains some of the fats, particularly the ones 
containing saturated fatty acids because the iodine number is lower than 
for the regular butterfat. Fats are known to be insoluble in acetone at low 
temperature. The fraction from normal milk is lower in iodine number 
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than the fraction from oxidized milk. This difference may have a significant 
relation to oxidized flavor development but no explanation is apparent. 

The lipid fraction soluble in acetone at 0° C. showed little difference in 
iodine number between that obtained from normal milk and oxidized milk. 
The sample from oxidized milk showed a slight decrease in refractive index 
and a trace of peroxide formation. The decrease in refractive index of the 
fraction from oxidized milk may also have significant relation to the develop¬ 
ment of the oxidized flavor. 

These experiments were conducted in a dark room to minimize the effect 
of light on the phospholipid fractions, which are known to be readily oxi¬ 
dized when exposed to light and air. Small samples of the phospholipid 
fraction from normal and oxidized milk were dried and then observed for 
appearance. The sample from normal milk was white and flaky on drying, 
but the sample from oxidized milk had a greenish tint and was greasy in 
appearance. Neither sample had an odor or taste which resembled the 
oxidized flavor of milk. 


SUMMARY AND CONCLUSIONS 

The Hanus iodine numbers of the phospholipid fractions from normal 
and oxidized milk were determined. The development of oxidized flavor is 
accompanied by a marked decrease in the iodine number of the phospholipid 
fraction. Iodine number determinations on samples of butterfat from nor¬ 
mal and oxidized milk showed no significant difference. The conclusion can 
be drawn that the development of oxidized flavor in milk, catalyzed by cop¬ 
per, is primarily due to the oxidation of the phospholipid fraction. 

Tin* oxidation of the uiisaturated fatty acid in the phospholipid fraction 
is not complete, but the indications are that one molecule of an unsaturated 
fatty acid, undoubtedly oleic acid, remains unoxidized. 
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EFFECT OF CONDENSING ON THE DEVELOPMENT OF 
OXIDIZED FLAVOR 

W. J. CORBETT and P. II. TRACY 
Department of Dairy IIusbandry, University of Illinois, Urbana, Illinois 

In previous work done at this station by Tracy (1) on the manufacture 
of bottled concentrated whole milk, it was observed that the oxidized flavor 
which frequently occurred in regular milk did not develop in the concen¬ 
trated milk, even though no effort was made to exclude air from the sam¬ 
ples after condensing. In 1938, Guthrie, Hand and Sharp (2) reported 
that the destruction of ascorbic acid and the development of oxidized flavor 
could be largely or completely prevented by the removal of oxygen from 
the milk by treating under vacuum. The following study was made to 
determine more exactly the role of the condensing process in the prevention 
of the oxidized flavor. 

METHODS 

All samples of whole milk were standardized to four per cent fat and 
then pasteurized by heating to 143° F. for 30 minutes in a stainless steel 
vat. The milk vras condensed in either a small laboratory glass condensing 
unit or in a three-foot stainless steel condensing x>an. 1 The condensing was 
done at a vacuum of 24-25 inches at 135-140° F. By means of a double 
valve arrangement in the pan outlet it was possible to take samples during 
the condensing process without shutting down. Samples were cooled im¬ 
mediately to approximately 40° F. and later reconstituted to four per cent 
fat with tap water. To a part of the samples 3 p.p.m. of copper were added 
in a 1 per cent solution of copper sulfate. The milk samples were held at 
40° F. and judged for degree of oxidized flavor at various time intervals. 

CONDENSING AS A RETARDER OF OXIDIZED FLAVOR 

Several lots of four per cent fat milk were pasteurized and condensed to 
a 2-1 concentration. The effectiveness of condensing as a retarder of 
oxidized flavor is shown by the data in table 1, which is typical of many 
trials. 

The data show conclusively that the reconstituted condensed milk did 
not develop the oxidized flavor, even when 3 p.p.m. of copper was added. 
In these trials no precautions were taken to exclude air from the condensed 
milk after it was taken from the vacuum pan. In several experiments com¬ 
pressed air was bubbled through the reconstituted condensed milk to which 
copper had been added for several minutes, and yet the oxidized flavor did 
not develop during holding periods of several days. 

Beeeived for publication September 5, 1939. 

i Although all the data given in this paper were token from experiments in which the 
large vacuum pan was used, substantially the same results were obtained with the small 
laboratory condensing unit. 
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TABLE 1 

Effectiveness of condensing in retarding the development of oxidized flavor 


Sample 


1. Pasteurized—unconeentrated (4% fat). 

2. Pasteurized—unconeentrated (4% fat) plus 

3 p.p.m. copper . 

3. Reconstituted condensed milk (4% fat) . 

4. Reconstituted condensed milk (4% fat) plus 

3 p.p.m. copper . 


Degree of oxidized flavor after: 


1 day 

2 days 

3 days 


- 

- 

4 + 4 4 

4 4 4 4 4 

444+44 


AMOUNT OF CONDENSING NECESSARY TO RETARD OXIDIZED FLAVOR 

Twelve hundred pounds of 4 per cent fat milk were pasteurized and 
drawn into the vacuum pan to determine how much condensing was neces¬ 
sary to protect the samples against the development of oxidized flavor. 
Samples of the partially condensed milk were taken at 15-minute intervals 
during the condensing process. The results are given in table 2. 

TABLE 2 

Belation of extent of concentration to development of oxidized flavor in reconstituted , 

condensed milk 


Sample 


Fat test 
before 
reconst. 


No 


1. Past. 

2. Cond. 15 min. re¬ 

constituted to 
4% fat . 

3. Cond. 30 min. re¬ 

constituted to 
4% fat . 

4. Cond. 50 min, re¬ 

constituted to 
4% fat . 

5. Cond. 50 min. 

Homogenized 


eu 


4,0 


5.0 


6.05 

8.50 


at 2500 
pounds pres¬ 
sure, reconsti¬ 
tuted to 4% 
fat ... 


8.50 


Degree of oxidized flavor after: 


1 day 


3 p.pjn. 
cu 


2 days 


3 days 


No 

cu 


3 p.p.m. cu 


No 

cu 


3 p.p.m. cu 


+ 4 + 


4 + 4 + 4 


4 ++ 44 + 

+ +* 


It is apparent that rendering the condensed milk imranne from develop¬ 
ing the oxidized flavor involves more than simply a removal of oxygen as 
one would expect the dissolved air to be removed within a few minutes after 
the condensing process was started. As shown in these trials it is necessary 
to condense to practically a 2-1 concentration to entirely protect the milk 
from developing an oxidized flavor, suggesting that a physical change in the 
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serum constituents may be responsible lor the protection of the fat against 
oxidation. 


MILK MADE FROM ('REAM AND CONDENSED SKIM MILK IMMUNE TO 
OXIDIZED FLAVOR 

The following experiment was performed to determine if condensing 
skimmilk would be effective in preventing an oxidized flavor in milk made 
from cream and condensed skimmilk. Skimmilk was pasteurized by heating 
to 143° F. for 30 minutes and then concentrated to 30 per cent solids. Four 
per cent fat milk was made from 32 per cent cream, and condensed skirn- 
milk and water. A control sample containing 4 per cent fat was made from 
the same lots of 32 y>er cent cream and the skimmilk. The results are given 
in table 3. 

TABLE 3 

Effect of concentrating the plaxma portion of milk upon oxidized flavor development 


! 


Sample 


1, 4% milk made from cream and skimmilk j 
4% milk made from cream and skimmilk j 

4-3 p.p.m. <?u. j 

2. 4% milk made from cream, condensed 

skimmilk amt water 

4% milk made from eream, condensed j 
skimmilk and water * 3 p.p.m. Cu . ... j 


Degree of oxidized flavor after: 

1 day j 2 days j 3 davs 

- , - -| - : 


hi 


These data show that the effect of the condensing process in retarding 
oxidized flavor development is upon the plasma portion of the milk. It is 
possible that the condensing process causes a shift in the oxidation-reduction 
potential to the reduced side by the liberation of reducing substances or by 
the liberation of substances which act as antioxidants. 

EFFECT OF CONDENSING ON THE CURD TENSION OF MILK 

There are several instances in which factors which retard or prevent 
tallowy flavors in milk also reduce the curd tension of the milk. Examples 
of this are homogenization, addition of certain enzymes, addition of sodium 
salts, and high heat treatment. 

Curd tension measurements were made on the samples of reconstituted 
condensed milk to determine the effect of condensing on the hardness of the 
curd. The tentative procedure adopted by the American Dairy Science 
Association Subcommittee on Curd Tension Measurements in 1938 was fol¬ 
lowed, and a Submarine Signal curd tension machine w T as used to make the 
measurements. The results are given in table 4. Condensing either whole 
or skimmilk and then reconstituting to the original solids content lowered 
the curd tension. The more condensing the milk was subjected to, the greater 
was the influence on the curd tension. 
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TABLE 4 

Effect of condensing on the curd tension of milk (condensed milk reconstituted 
with water to 4 per cent fat) 


Part A. Using condensed whole milk 


Sample 

Fat test before 
reconstituting 

Curd tension on 
reconstituted 
milk (grams) 

1. Pasteurized . 

4.0 

43.5 

2. Cond. 16 min. . 

5.0 


3. Cond. 30 min. 

0.05 

40.5 

4. Cond. 60 min.. 

8.5 ! 

35.0 

5. Same as 4.—Homogenized at 2500# pressure ... 

8.5 j 

22.0 


Part B. Using condensed skimmilk plus cream 


1. Past, skimmilk (9.2% T.S.) . 


55 

2. Cond. skim 30% T.S. reconstituted to 9.2% 



T.S. with water . 


33 

3. 32% cream and skimmilk to make 4% fat milk 


36 

4. 32% cream and cond. skimmilk and water to 



make 4% fat milk . 


22 


EFFECT OF CONDENSING ON THE RATE OF DESTRUCTION OF ASCORBIC ACID 

Several investigators have shown that the oxidation of ascorbic acid 
(Vitamin C) in milk precedes that of fat oxidation. Guthrie, Hand and 
Sharp (2) have shown that evacuating hot milk and the subsequent storing in 
bottles under a vacuum prevents the destruction of ascorbic acid, as well as 
the development of oxidized flavor. 

The following experiment was performed to determine the effect of con¬ 
densing on the destruction of ascorbic acid. Twelve hundred pounds of 
4 per cent fat milk were pasteurized at 143° F. for 30 minutes and con¬ 
densed under a vacuum of 24-25 inches to a concentration of 8.2 per cent 
fat. Samples were obtained 20 minutes after the condensing process had 
started and again 25 minutes later when the milk had been concentrated 
2 to 1. The relation of condensing to the oxidation of ascorbic acid and the 
development of the oxidized flavor are shown by the data in table 5. Sharp’s 
(3) procedure was followed for determining the ascorbic acid content. 

Apparently there is no relation between the oxidation of ascorbic acid 
and the development of oxidized flavor in reconstituted condensed whole 
milk. In the case of the control milk containing copper and the 2-1 con¬ 
densed milk reconstituted to 4 per cent fat to which copper was added, the 
ascorbic acid was oxidized at approximately the same rate; however, the 
control milk developed a strong oxidized flavor, and the condensed recon¬ 
stituted milk was entirely free from oxidized flavor during the entire hold¬ 
ing period. If, as Sharp contends, there is a relationship existing between 
the oxidation of ascorbic acid and the development of the oxidized flavor, 
the mere absence of the ascorbic acid does not mean that the oxidized flavor 
will necessarily develop. 
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Numbers in parentheses refer to values calculated on a 4% fat basis. 
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POSSIBLE EXPLANATION FOR EFFECT OF CONDENSING PROCESS ON THE 
RETARDATION OF AN OXIDIZED FLAVOR 

As has been mentioned previously, there are several instances in which 
factors which affect the milk plasma, as shown by reductions in curd tension, 
also retard the development of oxidized flavor. It is entirely possible that 
these factors which lower the curd tension also tend to partially break down 
the milk protein. Possibly some of the amino acids which act as antioxidants 
and prevent the development of oxidized flavor are liberated during these 
processes. Corbett and Tracy (4) have studied the antioxidative effect of 
several amino acids or their esters, and found tyrosine, tyrosine ethyl ester, 
leucine N-amyl ester and glutamic diethyl ester to be effective antioxidants 
in milk. Skimmilk powder has also been found to have antioxidative proper¬ 
ties. The results of this study are not in agreement with those of Guthrie, 
Hand and Sharp (2), who explain the effect of vaeinmiizing milk in retard¬ 
ing oxidized flavor development as one of oxygon removal. It seems 
that the explanation needs to take into consideration possible changes in the 
protein complexes of the plasma portion rather than the physical removal 
of air or oxygen, since the introduction of air after condensing does not 
cause the development of the oxidized flavor. Additional studies are being 
made to obtain further proof for this hypothesis. 

CONCLUSIONS 

1. Condensing milk under vacuum to a concentration of approximately 
2-1 was found to prevent the development of oxidized flavor in both the 
condensed milk and condensed piilk reconstituted to the original solids 
concentration. 

2. Four per cent fat milk made from condensed skimmilk and 32 per 
cent cream did not develop an oxidized flavor, even when as much 8vS 3 p.p.m. 
of copper were added. 

3. The effect of condensing in retarding oxidized flavor development is 
thought to be due to the liberation in the serum portion of the milk certain 
antioxidative constituents that are probably derivatives of the milk protein. 
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THE INFLUENCE OF “WHITE-METAL” COPPERr-NICKEL 
ALLOYS ON THE FLAVOR OF MILK 

J. L. HENDERSON and C. L. ROADHOUSE 
Division of Dairy Industry, University of California, Davis 

As shown by investigations at many experiment stations, copper contami¬ 
nation from dairy equipment is the principal cause of oxidized flavor in 
milk; furthermore, chrome-nickel iron alloy or stainless steel of the 18-8 
series is not corroded by milk, and its use is desirable if oxidized flavor from 
metal sources is to be avoided. 

Since technical difficulties have been encountered in fabricating certain 
parts of dairy equipment from stainless steel, manufacturers have sought 
alloys more easily east and machined. Tiiis lias been particularly true in the 
making of certain fittings, valves, and bearings. Most of the alloys devel¬ 
oped have copper and nickel as their base, and several other elements have 
been added to give the alloy the desired properties—namely, the ability to 
make a sound casting, to be machined easily, to remain bright after use, and 
to leave unimpaired tin* flavor of milk. Copper-nickel alloys have been used 
in the dairy industry for many years, and those previously studied have 
been found to cause oxidized flavor (1, 2). Some of the “white-metal” cop¬ 
per-nickel alloys recently developed include the addition of other elements 
that apparently modify their corrosion rate in milk. The present study 
reports tests conducted with certain of these alloys. 

TABLE 1 

Composition of the alloys tested 


Percentage composition 


Alloy j 

No. I | 

1 © 
i o 


Tin 

rs 

CJ 

o 

V 

C 

S 

Iron 

a> 

Vi 

© 

c 

S3 

$jC 

S3 

2 

Chromium 

A <55.6 

31.0 


2.0 


Trace 

1.0 

0.5 

B ; 65.0 

20.0 

8.0 

2.0 

3.0 

2.0 



C . 62,0 

20.0 

8.0 

2.0 

3.0 

2.0 


3.0 

D . : 6G.0 

20.0 

3.0 

4.0 

4.0 

2.5 

0.5 


E . j 63,0 

20.0 

3.0 

4.0 

4.0 

2.5 

0.5 

3.0 

P . 66.5 

31.0 


2.0 


Trace 

| Trace 

0.5 

G . 65,5 ! 

31.0 

.... 

j 2.0 


Trace 

1 5 -° 

5.0 


EXPERIMENTAL PROCEDURE 

Source of milk. The milk used in these studies was obtained from normal 
cows of the Station herd producing milk of good flavor. All the cows re¬ 
ceived identical rations. The milk was drawn into new, well-tinned pails 
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and was poured immediately into amber bottles in ice water. All surfaces 
of the pails and glass utensils coming in contact with the milk were rinsed 
with distilled water to prevent the addition of copper from tap or boiler 
water. 

Determination of corrosion rate . The milk was pasteurized in contact 
with thin strips of the cast alloys 1 inch by 2 inches in size. These were 
cleaned, dried, and weighed before and after pasteurization according to the 
procedure previously described by Guthrie, Roadhouse, and Richardson (2). 
The alloys were agitated in the milk during the heating, holding, and cooling 
procedures, which required approximately 1£ hours. The pasteurization 
temperature was 142° F. 

The averages of the corrosion rates reported in table 2 are for eight 
determinations. 

Scoring the milk . The processed samples, together with control samples 
of the same milk, were held at 40° F and scored for flavor by two judges 
after storage periods of two to four days. The controls and test samples 
were arranged in random order in duplicates and scored as unknowns. Milk 
samples reported as having definitely oxidized flavor were detected by both 
judges in the duplicate samples. 

Determination of ascorbic acid. Ascorbic acid was determined by a 
modified Bessey and King titration. The acid solution used for precipi¬ 
tating the protein and for controlling the pH of the serum to be titrated 
consisted of 15 per cent trichloracetic acid plus 2 per cent meta-phospboric 
acid. First 15 ml. of the acid solution was added to 25 ml, of milk. After 
standing for a few minutes with frequent shaking, the mixture was filtered. 
Then 10 ml. of the clear serum was .titrated with approximately 0.2 per cent 
sodium 2.6 dichlorobenzenone indophenol solution held in a micro bu¬ 
rette. The end point was the first permanent light-pink color that persisted 
for 30 seconds as determined by a stop watch. The dye was standardized 
by the thiosulfate method of Menaker and Guerrant (3). The first ascorbic- 
acid determinations were made immediately after the completion of the ex¬ 
perimental treatment of the milk, and subsequent determinations followed 
various storage periods at 40° F. 

EXPERIMENTAL DATA 

Rates of corrosion . Typical data secured on the rates of corrosion of the 
alloys by milk during the pasteurization process appear in table 2. The 
weight losses of the alloys obtained from eight tests are presented in table 3. 
The losses are reported in milligrams per square decimeter per day in order 
that comparisons may be made with values reported, in the literature, for 
other metals. Alloys A, F, and G were noticeably tarnished after exposure 
to milk, whereas the others remained bright. 

Influence on milk flavor. In studying the development of copper-induced 
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oxidized flavor, one must consider the differences in susceptibility of the milk 
produced by the individual cows to develop this flavor defect. Eight cows 
were used in this experiment; and from other experiments not reported in 
this paper, flve were classified as “susceptible” and three as less 4 4 suscepti¬ 
ble’ J to the development of copper-induced oxidized flavor. The 4 4 suscepti¬ 
ble” cows produced milk that developed the flavor when minute quantitites 
of cupric ion were present, whereas the less susceptible ones required ap¬ 
preciable amounts of cupric ion (approximately 0.5 p.p.m.). The variation 
in the susceptibility of milk of individual cows to develop oxidized flavor 

TABLE 2 


Variation in the susceptibility of milk of different cows to develop oxidised flavor 


Cow No. 

1 AIlov sample 
No. 

Bays stored at 40° F. 

Mlg. weight loss 
during 

pasteurization 

2 

L. 3 ._ 

4 

181 

Control . 

_ 

- 

_ 



A. 

+ 

+ 

+ 

2.18 


B . 


+ 

+ 

0.60 


C . 

- 

+ 

+ 

0.74 


D. 

- 

+ 

+ 



E. 

- 

+ 

+ 

2.43 


F . 

* 

+ 

+ 

2.40 


i G . I 

+ 

+ 

+ 

2.83 

498 

Control .. . 

1 

- 

i _ 

! 


, A . 

- 


1 + ! 

2.79 


; b . j 


- 

- 

0.39 


; C. 

i ~ j 

— 

- 

+ 0.17 


! I). ! 


- 

- 

0.86 



- 

- 

- 

2.20 



- 


+ 

1.40 

| 

! «. 

i 

± 


3.24 


-No oxidized flavor or odor. 

+ Oxidized flavor or odor. 
t Judges not in agreement as to flavor. 


TABLE 3 


Corrosion rates and influence of alloys on flavor of milk 


Alloy No. 

Average of eight trials 

i 

Weight loss calculated as j 
m]g/dm*/dayt 

| Percentage* of samples having oxidized 

j flavor after storage at 40° F. 

2 days 

3 days 

A. 

117.0 

87.7 

100.0 

B .. 

26.6 

37.5 

62.6 

C . 

14.2 

37.5 

62.6 

D . 


37.5 

50.0 

E .. 

143.0 

37.5 

62.6 

F . 

114.0 

75.0 

100.0 

G .. 

136.0 

87.7 

100.0 


* 5 susceptible cows, 3 less susceptible cows, 
t milligram per square decimeter per day. 
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when exposed to copper-nickel alloys of different compositions is illustrated 
in table 2. Cow 181 is classified as susceptible, whereas cow 498 is less sus¬ 
ceptible. The percentages of samples having oxidized flavors after 2 and 3 
days’ storage at 40° F are shown in table 3. Here again are illustrated the 
differences in susceptibility of the milks. Sufficient copper went into solu¬ 
tion from alloys A, E, and F to exceed the copper-threshold value of even 
the less susceptible milks. 

Ascorbic acid oxidation. How temperature and the length of time of 
exposure of the copper-nickel alloys to milk affect the rate of ascorbic acid 
oxidation is shown in figure 1. The milk exposed to alloy D for 1$ hours 
showed a very slight oxidized flavor after 3 days, whereas that exposed to G 
had a very strong oxidized flavor. The other milks did not show this defect. 



rate of oxidation of ascorbic acid in milk. 

To arrive at an approximation of the amount of copper going into solu¬ 
tion when the alloys were exposed to milk for brief periods of time, 0.1, 0.01, 
and 0.001 p.p.m. of cupric ion were added to other portions of the same milk 
into which alloys D and G were dipped 100 times at 142° F. The ascorbic- 
acid contents of the milk were determined immediately after treatment and 
after 2 and 4 days’ storage at 40° F (figure 2). The milks were also scored 
for flavor. The raw and pasteurized samples to which 0.1 p.p.m. cupric ion 
were added had a very slight oxidized flavor on the fourth day, whereas the 
others were not influenced. 

Strips of pure nickel, zinc, and lead measuring 1 inch by 2 inches were 
also agitated in milk during the pasteurization process. The rate of oxida¬ 
tion of ascorbic acid was not influenced by this amount of exposure to these 
metals, nor was oxidized flavor detected in any of the milks so treated. 
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Fig. 2. Influence of cupric ion concentration on the rate of oxidation of ascorbic acid 
in mi Ik. 

DISCUSSION OF RESULTS 

As is indicated by the variations in Hie corrosion rates of cast copper- 
nickel alloys and their influence on the flavor of milk, one must test each 
alloy experimentally in order to evaluate the desirability of its use in fabri¬ 
cating hi ilk-plant equipment. A study of table 3 reveals that alloys A, E, 
F, and G have high corrosion rates in milk as compared with alloys B, C, and 
D. According to table 1, alloys A, F, and G are similar in composition in 
that all contain 31 per cent nickel and no tin or zinc. Alloy E, however, 
has a composition more nearly like that of B, C, and I), since it contains 20 
per cent nickel and also tin and zinc. By analogy one would expect alloy E 
to have a corrosion rate more nearly like C than G. The effect on milk flavor 
(table 3), however, shows that E caused oxidized flavor to develop only in 
the more “ susceptible M milks, as did B, C, and D. Figure 1 shows also that 
alloy E had even less effect on ascorbic acid oxidation than did I). Accord¬ 
ing to these results, copper was less soluble in alloy E than in G despite their 
similar corrosion rates. The conclusion is that the solubility of the elements 
in these alloys is a complex function of their compositions, their alloy struc¬ 
tures, or a combination of these. 

When the alloys were in contact with the milks during the entire pasteur¬ 
ization process, alloys B, C, and I) were most satisfactory as judged from the 
rate of corrosion and the influence on milk flavor. Alloys B and C are re¬ 
ported to be very difficult to machine, and the cost of the added tin over that 
contained in D would not be justified. Alloy D is considered the most 
satisfactory for commercial use. 

A brief exposure of any of the alloys to milk such as would result from 
passing milk through fittings in a stainless-steel pipeline would not be ex- 
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peeted to permit sufficient copper to go into solution to cause oxidized flavor 
to develop in mixed milks. The evidence for this is the effect on ascorbic 
acid destruction after the alloys were dipped 100 times in the milks at 45° 
and at 142° F. Judging, however, from the rates of corrosion for a longer 
exposure period, from the appearance of the metals after exposure to milk, 
and from their influence on the flavor, alloy D is the most satisfactory of the 
alloys studied. 

The flux used in preparing the alloy at the foundry is said to affect the 
corrosion resistance. It is used in the molten metal to serve as a deoxidizer 
to remove sulfur and oxygen. The flux is finally removed from the molten 
alloy as slag. For the copper-nickel alloys, pure magnesium in stick form 
has been recommended at the foundry in which the samples studied were 
prepared. 

summary and conclusions 

Several copper-nickel alloys have been studied to determine the rates of 
corrosion in milk, together with the effect upon milk flavor and upon ascorbic 
acid destruction. The following conclusions have been drawn: 

1. Leas copper went into solution from the alloys containing tin and zinc, 
so that the flavor of the milk was less influenced than with alloys in which 
these elements were absent. 

2. In general the rates of corrosion in milk were lower with alloys con¬ 
taining tin and zinc. The influence on ascorbic acid destruction, however, 
was found to be a more reliable index of the probable effect of the alloys on 
milk flavor. The effect on ascorbic acid destruction is a specific test for 
copper in solution: whereas the loss in weight does not necessarily indicate 
the relative amount of copper going into solution. 

3. Nickel, lead, and zinc did not influence the oxidation of ascorbic acid 
and did not cause oxidized flavor in the milks pasteurized in contact with 
pure strips of these elements. 
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WATER SORPTION BY DRY MILK SOLIDS. III. A COMPARISON 
OP RESULTS OBTAINED BY THE CRYOSCOPIC, 

VAPOR PRESSURE, AND VOLUME CON¬ 
TRACTION METHODS 

K. L. JACK 
University of California 

The papers of the present series (1, 2, 3) have reported investigations 
on the effect of various treatments on the water-solids relationships in dry 
milk. These studies have been made using the volume contraction method 
as previously described. Other investigators have reported data on par¬ 
ticular phases of the subject using the cryoscopic method and the vapor 
pressure method. It is of interest to compare results obtained by each of 
these methods on the same samples and to consider possible reasons for any 
disagreement among them. 

REVIEW OF LITERATURE 

The cryoscopic method for the determination of “bound” water was de¬ 
vised by Newton and Gortner (4). The principle of the method depends 
upon the use of a dehydrating agent to take up the “free” water and then 
determining the freezing point of this solution of dehydrating agent and 
free water. When part of the total water present is “bound,” a subnormal 
lowering of the freezing point results and the percentage of water not re¬ 
moved by the dehydrating agent can be readily calculated. In actual 
practice one mole of sucrose per liter of total water in the system is com¬ 
monly used, although Briggs (5) has found that ethyl alcohol is more 
satisfactory in certain systems. 

This method has had extensive application to biological materials and 
has been used to study the “bound” water content of dairy products. 
Pyenson and Dahle (6) have investigated the ability of dried skimmilk, pre¬ 
pared by the vacuum drum process to “bind” water. Their results showed 
that the dry material “binds” water to the extent of 60.1 per cent of its 
dry weight, when freshly prepared and approximately 40 per cent when 
four to eight weeks old. 

The vapor pressure method depends upon the lesser fugacity of water 
in the sorbed state than in the free state. Sorbed water is not free to 
vaporise to the same extent as free water, and consequently does not exert 
its normal pressure. The relative vapor pressure is related to the degree 
of sorption as expressed by the water content of the system. 

The vapor pressure method gained attention through the classic work of 
van Bemmelen (7) on silica gels. It has since been used in many fields of 
investigation. Supplee (8) was the first to show the equilibrium relation¬ 
ship between water vapor and water sorbed by milk powder. His results 
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show that milk powder will take up about 14 per cent of its weight of water 
at 80 per cent relative humidity. Recently, Davis (9), using the same 
technique found that the moisture content of dried skim milk was about 
17-18 per cent when in equilibrium with an atmosphere of 80 per cent 
relative humidity. 

The volume contraction method employs the increase in density that 
accompanies sorption to measure the degree of sorption. Because the 
density of the system increases when sorption occurs there is a correspond¬ 
ing decrease in volume which can readily be determined in a dilatoineter at 
constant temperature. The method has been used by various investigators 
(10, 11, 12, 13, 14) to study different materials but not previously for dry 
milk solids. 

Several comparisons have been made of the different methods for de¬ 
termining the sorbed water—free water equilibrium. Sayre (15) compared 
the cryoscopic, calorimetric, and dilatometric (based on the freezing expan¬ 
sion coefficient of water) methods for gum arabic solutions and obtained 
reasonably good agreement for the averages, but he concluded that the 
cryoscopic method was the least reliable of the three. He pointed out that 
these methods yield results only at the freezing point. It has been generally 
recognized that the vapor pressure method does not yield values as great 
as the cryoscopic technique. Briggs (5, 16) has compared the two methods 
as has Grollman (17). Grollman, particularly, has criticised the usual 
equation used for calculations with the cryoscopic method as not being 
applicable when other solutes arc present. 

EXPERIMENTAL PROCEDURE 

The cryoscopic technique was carried out as recommended by Newton 
and Gortner (4), measuring the freezing point depression caused by dis¬ 
solving a mole of sucrose in a liter of water containing 10 per cent of dry 
milk solids which had been in solution 24 hours. The apparatus used was 
a Hortvet cryoscope and a previously standardized Beckman thermometer. 
The usual precautions with respect to super cooling were observed. 

Aqueous vapor pressures of the samples at definite water contents were 
measured with a modified Regnault dew-point hygrometer. The apparatus 
consists of a 250 ml. Ehrlenmyer flask containing the sample having a known 
water content. Suspended within the flask through a tightly fitting stopper 
is a metal tube with a highly polished metal mirror soldered to its side. 
This apparatus is maintained at constant temperature, in this case at 20° C., 
until equilibrium is established between the sample and the atmosphere 
within the flask. Then ethyl ether or other suitable refrigerant is poured 
into the metal tube, a thermometer and an aspirator tube inserted and air 
bubbled through the ether with an atomizer bulb until fog appears on the 
mirror; the temperature is noted at this time and again when the mirror 
clears. The average of the two is considered the dew point of the atmos- 
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phcre in equilibrium with the sample. Vapor-pressure-temperature tables 
give the vapor pressure in millimeters of mercury at saturation at various 
temperatures. With experience and care it is possible to observe fogging 
and clearing of the mirror within about a 0.2° C. interval. Comparison of 
this procedure with that outlined by Wilson (18) using sulphuric acid 
solutions to control humidity showed them to give similar results up to about 
80 per cent relative humidity; above this humidity neither is satisfactory 
because of the necessity for extremely sensitive temperature control and the 
length of time necessary for equilibrium to be established. Supplee (8) 
and Davis (9) have used sulphuric acid solutions to control humidity. 

Volume contraction was measured as previously described (1, 2, 3) at 
20° C. 

The samples studied consisted of eight different lots of dry milk solids, 
four prepared by the atmospheric roll process and four by the spray process 
from skimmilk which had been preheated at 71.1° C. (160° F.), 76.6° C. 
(170° F.), 82.2° C. (180° F.), and 93.3° C. (200° F.) for 30 minutes for 
each process. 

RESULTS 


The results of these studies have been calculated and are expressed as 

weight of water sorbed 1nA rr . , . . , , . . .. 

-—— —--\ 100. those obtained by volume contraction were 

weight of solids 

found by extrapolation to the axes of logarithmic curves for volume con¬ 
traction and degree of sorption and measuring the intercepts as explained 
previously (3). The cryoscopie values were calculated from the following 
equation. 

A x 89 2 

Grams bound water per 100 grams water in system = — * -r — 

As 


Where A = Freezing point of sample in solution 

A a = Freezing point after the addition of 32.224 gm. sucrose per 
100 gm. water 
Aa=Aa-A 
Ax = A. - 2.085 

89.2 = A constant to correct for the hexaliydrate formation of 
sucrose 

2.085 = Theoretical freezing point depression caused by sucrose. 
The “bound” water corresponding to the degree of sorption is the 
grams “bound” water ^ 
grams of solids 


The values for the vapor pressure studies were taken from degree of 
sorption—vapor pressure curves for the different samples at 80 per cent 
relative humidity at 20° C. These curves are shown in figure 1. 

The shape of the curves makes it apparent that each represents two dis¬ 
continuous functions. Supplee’s results (8) show the same general form, 
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Fig. 1. Tho relation between degree of sorption and relative vapor pressure in dry 
milk solids. 

while Lampitt and Bushill (19) report that spray-dried milk powder ex¬ 
hibits this feature but atmospheric roll dried milk does not. The shape of 
the curves results from the fact that the lactose is in the non-crystalline 
state in the dry material; it takes up water rapidly until sufficiently fluid 
for orientation of the sugar molecules in a crystalline pattern; then the 
excess water is free to vaporize and is given up. If the top portion of the 
curve, which represents water sorption by the proteins, is extrapolated to the 
point of origin a smooth curve typical of this type of material results. 

It will be noted that the curves for all samples are very dose together 
at low water contents and tend to become farther apart as they approach 
the saturation level. 

The comparison of the results by the three methods is shown in table 1. 

TABLE 1 

Comparison of results by cryoscopic, vapor pressure, and volume conti action methods for 
determining the degree of t oater sorption by dry milk solids 




Degree of sorption 

Bample preheating 
temp. (30 min.) 

Cryoscopic method 

Vapor pressure 
method at 80% 
rel. humidity 

: 

! Volume contrac¬ 
tion method 

o 

C. 

Percent 

Per cent 

Per cent 

71.1 1 


24.6 

32.0 

15.1 

76.6 I 

► roll 

26.9 

13.3 

18.5 

82.2 ; 

24.9 

12.4 

15.8 

93.3 J 


25.6 

12.4 

36.5 

71.11 


42.6 

12.7 

29.5 

76.6 | 

- spray 

53.8 

14.2 

36.3 

82.2 I 

46.7 

13.9 

23.9 

93.3 j 


44.7 

12.8 

23.9 


Particular attention is called to the fact that the vapor pressure values 
were taken at 80 per cent relative humidity and so do not indicate the 
maximum extent to which sorption may occur when exposed to atmospheres 
saturated with water vapor. The values by the other methods represent 
maxima for e^ch method. 
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It will be observed that there is fair qualitative agreement, but that the 
methods differ in the magnitude of the results. The cryoscopic method 
gives values greater than either of the others and it seems probable that the 
vapor pressure method will yield the smallest values although it is difficult 
to predict the ultimate amount of water sorption that might be obtained 
if measurements could be made accurately at the saturation level. In all 
cases the samples preheated at 76.6° (>. (370° P.) for 30 minutes showed the 
greatest water-holding capacity and those prepared by the spray process 
were superior in this respect to the ones prepared on the atmospheric roll. 

DISCUSSION 

It is apparent from the qualitative agreement of the values reported that 
the methods measure either the same phenomenon or a closely related one. 
Some possible reasons for the lack of quantitative agreement need to be con¬ 
sidered. Gortner (20) has expressed the opinion that the cryoscopic tech¬ 
nique may be expected to yield minimal values. lie points out that the dis¬ 
solving of sucrose and subsequent freezing might be expected to shift the 
4 * bound’’ water *=* “free” water equilibrium to the right with the result 
that the values obtained at the freezing point would be lower than those 
obtained at higher temperatures. Considering the phenomenon from an¬ 
other approach, however, it appears that the equilibrium might well be 
shifted to the left. The sorption of water is ail exothermic reaction and 
should increase as the temperature is lowered. Data obtained in this lab¬ 
oratory (21) from vapor pressure measurements indicates that dry milk 
solids will sorb 10.3 gni. water per 100 gni. solids at 20° C. and 14.3 gm. at 
10° 0. with relative humidity of 70 per cent. The difference tends to in¬ 
crease at higher humidities. Svodberg’s data (12) show the same tempera¬ 
ture effect. In carrying out the cryoscopic technique, even though the ma¬ 
terial is allowed to come to equilibrium at 20° O., the temperature must be 
lowered to the freezing point with a thermal disturbance of the equilibrium. 
It is perhaps significant that the equilibrium is not disturbed in either the 
vapor pressure or the volume contraction methods. 

It should be mentioned that the vapor pressure method is the only one of 
the three capable of thermodynamic interpretation involving the calculation 
of the entropy and free energy changes. This relies on the assumption that 
the reaction is reversible, which is not strictly true because of the hysteresis 
effect; and also on the assumption that the system is homogeneous, which 
again is not true for dry milk solids. For these reasons the thermodynamic 
calculations are not given. 

It is the belief of the author that the results obtained by the volume con¬ 
traction method are more nearly a correct measure of the degree of sorption 
than those obtained by the other methods. The volume contraction is a 
static method and nothing is done to disturb the equilibrium as is the case 
with the cryoscopic method. Also, the volume contraction method can be 
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used to measure the degree of sorption of the dry material in direct contact 
with liquid water, a condition not possible by the vapor pressure method. 

SUMMARY 

1. Comparisons are given for the degree of sorption of dry milk solids as 
determined by the cryoscopic, the vapor pressure, and the volume contrac¬ 
tion methods. 

2. It is shown that there is qualitative agreement among the methods for 
differently processed samples, but the values differ in magnitude depending 
upon the method used. 

3. The cryoscopic results for each sample are greater than those by the 
other methods, and the results by the vapor pressure method at 80 per cent 
relative humidity are the smallest. 

4. Borne possible reasons for the differences are discussed. 
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THE FINAL SOLUBILITY OF d-OALAOTOSE IN WATER 
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In the course of some research in this laboratory on sugars, information 
on the solubility of d* galactose in water was required. The only value found 
in the literature is that of Delm (1), who gives the solubility of galactose as 
68.30 grains pet* 100 grams of water at 20-25° C. He does not state whether 
he used d-galactose nor whether his value refers to a solution in which a-(3 
equilibrium had been attained. 

The d-galaetose used was a high-grade Pfanstiehl product. Its specific 
rotation was obtained and was for a 10 per cent solution by volume [ajo 20 * ~ 
80 4°. Bacteriological tests showed the absence of glucose and lactose. 1 
Thus a satisfactory degree of purity was indicated. 

Saturated galactose solutions were prepared in two ways, the first by 
shaking the sugar with w r ater at room temperature, and the second by heat¬ 
ing the solution to 40^ (\ Thus equilibrium was approached from both an 
undersaturated and a supersaturated condition. Excess crystals w r ore pres¬ 
ent, of course, in each case. The bottles were suspended in a thermostat 
kept at 25 f C. .02. After the solution stood for several days to permit 
equilibrium among isomeric forms to become established, 5 cc. .samples were 
pipetted from each bottle, run into fared evaporating dishes and weighed. 
After being heated in a water-jacketed vacuum oven for several days, the 
dishes w'ere weighed, and the operations repeated until constant weights w^ere 
obtained. The values for each method of approach to equilibrium were in 
satisfactory agreement. The mean of these values gave the solubility at 25° 
C. as 32.09 grams per 100 grams solution. This is equivalent to a solubility 
of 47.25 grams of galactose in 100 grams of water 
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A METHOD FOR CALCULATING THE BAUME READING OF 
CONDENSED ICE CREAM MIXES* 


R. A. LARSON* and P. S. LUCAS 

Dept, of Dairy Husbandry, Michigan State College , East Lansing , Mich. 

The manufacture of ice cream mixes in the vacuum pan has created* a 
need for a method for the accurate forecasting of the Baume hydrometer 
reading of these mixes, in order to prevent over or under condensation, and 
to provide a guide for indicating when the mix is ready to draw. This Baume 
reading has been and is still largely determined by taking samples at vary¬ 
ing degrees of condensation until the composition of the mix has readied the 
point desired. Subsequent mixes are then drawn at this predetermined 
reading. Apparently it should be possible to predict the proper hydrometer 
readings by paper analysis for mixes of given composition, provided the 
specific gravities of the ingredients making up the mix are known. When 
these methods of calculation are checked against actual analyses, however, 
the relationship shows considerable inaccuracy, sufficiently so as to render 
their commercial usage impractical. 

Sharp and Hart (1) in mentioning 36 formulas for calculation of the rela¬ 
tionship between solids and fat content of milk state an important observa¬ 
tion, li & large part of this lack of agreement and reproducibility is due to 
one factor which has never been limited adequately, namely, the lag in the 
change in the physical state of the fat as the temperature is adjusted to that 
at which the specific gravity is determined.” The difficulties of ascertain¬ 
ing specific gravity mentioned by Sharp and Hart are explained in part by 
Leighton, Leviton, and Williams (2, 3, 4) in their work on apparent and 
basic viscosity. These phenomena are variously attributed to fat clumping, 
specific heat, agitation, acidity, hydration, homogenization, pasteurization, 
forewarming temperatures, and electrical charges carried. 

The Laboratory Manual of the I.A.M.D. (5) carries a table listing the 
Baum6 readings for four mixes of varying compositions taken at five tem¬ 
peratures, varying from 60° F. to 140° F. Sommer (6) gave the following 
formula for predicting with fair accuracy the specific gravity of a mix being 
condensed: 

Specific gravity at 60° F. ~ 

__100_ 

% Fat % Sugar, Serum Solids, and Gelatin __ 

__ + -158”-+ % Water 

In the same text the specific gravity of milk-solids-not-fat was quoted as 
1.5847, of sugar as 1.58, of butterfat as .93, and that of gelatin assumed to be 
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1.58. The temperature at which each determination was made was 60° F. 
The values given by Sommer are those, he states, of Fleisehman. 


EXPERIMENTAL 


Estimation of Specific Gravity 

Without the interference of such factors as viscosity, surface tension, or 
specific heat of the various ingredients, the specific gravity of any desired 
composition ice cream mix could be predicted before condensing the mix, if 
the specific gravity of each ingredient was known. To illustrate, specific 
gravity of the following mix could be calculated in this manner: 


12. pounds butterfat x density = fat density factor 


10. 

S.N.F. 

X 

15. 

sugar 

X 

0.4 “ 

gelatin 

X 

62.6 “ 

water 

X 


100.0 pounds 


= S.N.F. density fatcor 
= sugar density factor 
= gelatin density factor 
= wate r de nsity factor 
sum of density factors 


Predicted density = sum of density factors -r 100, Since, specific gravity = 
J or °Baume = 145 r-STr rriT^rri such predicted density 


145 ~° Baume’ — — specific gravity’ 
could be readily converted into degrees Baume. Application of the above 
to practical conditions soon proved the fallacy of the reasoning. The specific 
gravity values given by Fleisehman were determined at 60° F., w'hereas 
Baume readings of mixes are usually made at 125° F. The object in this 
study has been primarily the development of a formula for accurately pre¬ 
dicting the specific gravity and Baume reading of ice cream mixes condensed 
to a predetermined content. Thjis made necessary determinations of den¬ 
sities of the commoner ingredients used in ice cream, actual condensation 
of mixes both in laboratory and commercial size vacuum pans, temperature 
effect and temperature correction on Baume readings, surface tension, and 
apparent and basic viscosity values for pan condensed mixes. 


Condensations in the Laboratory Pan 

A small experimental laboratory type vacuum pan was used for the 
purpose of preliminary work and with the thought of applying the findings 
to the operation of the larger factory size pan. It was possible to produce 
five pounds of finished mix with this apparatus. Four basic mixes were 
used. These covered in range, so far as commercial practice is concerned, 
the mixes commonly made in the vacuum pan. 

Condensations in the Commercial Size Pan 

Mixes made up in the 42 inch vacuum pan were calculated by the normal 
equation method and were of the varying compositions shown in table 1. 
The liquid ingredients were heated in the hot well to 95 G F., the sugar and 
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TABLE 1 


Composition of basic mixes used in experiment 


Mix number 

Fat 

Solids-not-fnt 

Sugar 

Gelatin 

1 . 

per cen t 

8 

per cent 

11 

per cent 

14 

per cent 

0.4 

o 

8 

11 

15 

0.4 

3 . 

8 

11 

10 

0.4 

4. 

10 

10.5 

14 

0.4 1 

5 . 

10 

10.5 

15 

0.4 

6 . 

10 

j 10.5 

16 

0.4 

7. 

12 

1 io ! 

14 

0.4 

8 . 

12 

1 10 i 

15 

0.4 

9 . 

12 

1 10 

10 | 

0.4 

10 . 

14 

1 0 i 

14 

0.4 

11 . 

14 

! 9 1 

15 

0.4 

12 . 

14 

9 i 

io ! 

0.4 


gelatin added, the mix further heated to 155-160° F. with live steam, 
drawn into the pan and condensed to the hydrometer readings indicated by 
the results obtained through the trials with the laboratory size pan. About 
one hour was required to condense a 1000-pound mix and all mixes were 
1000 or 1235 pounds in size. If condensed too far the mixes were standard¬ 
ized with water to desired weight. Samples for viscosity and surface tension 
determinations were taken after homogenization at 2300 pounds pressure. 
The mix was then cooled immediately, and tested in the manner described 
in the preliminary study. Baume readings were made within an hour after 
the mixes were drawn. In making these the sample was heated to 155° F., 
and tested at 5° F. intervals from 155° F. to 60° F. Unless the sample was 
stirred occasionally in the hydrometer cylinder there was a tendency for it 
to oil off. Again, as in the preliminary work, pycnometer determinations 
for density at 70° F. were made for comparison with density determinations 
at 70° F., the latter being calculated by conversion to density of Baume 
hydrometer determinations. For restandardization of mixes Mojonnier 
tests for fat and total solids were used. 

Density Determinations of Jcc Cream Ingredients 

In an effort to utilize the simple calculation described under “Estimation 
of Specific Gravity” it seemed desirable to reestimate the specific gravity 
of the more common ingredients of ice cream and to make this estimation 
by what might be regarded as an unorthodox method, that of determining 
the specific gravity of the ingredient in solution or suspension. The specific 
gravity of each constituent could then be converted to Baume hydrometer 

145 

reading using the formula, ° Baume = 145 ~ 8 p e ^fi C g7 a "^y • Since, in prac¬ 
tice, it was learned that the use of the method of calculation mentioned 
gave inaccurate results, it was hoped that the effect of factors such as eondi- 
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tio'n of fat, viscosity, and related factors causing the inaccuracy could be 
compensated for by the determination of a factor that might be used in 
connection with the calculation. 

To make the term specific gravity synonymous with relative density, all 
weights were determined on an equal arm balance. If the materials in a 
mix do not expand when heated, density will remain the same. Liquid 
ice cream mix expands when heated, but so far as could be measured by 
ordinary means, no solid in the mix, except butterfat, expands under the 
influence of heat. This factor introduces a slight error in the calculations 
which follow. The Baume hydrometer is calibrated to compensate for the 
approximate errors due to temperature variations, and this correction is 
probably sufficient for practical purposes. Since coefficients of expansion 
vary greatly for different liquids, the correction cannot be strictly accurate. 

Baume readings were made of all mixes condensed and the readings con¬ 
verted into density values using the formula pre\ iously given. This calcu¬ 
lated density was then checked by a density value determined by the 
pycnometer method, using the mix and water at identical temperatures. 

The method adopted for specific gravity determination woxdd seem to 
eliminate objections to the capsule and displacement methods and to take 
into consideration the insoluble, colloidally soluble, and wholly soluble con¬ 
stituents of the mix. That porosity of water cannot provide sufficient space 
for sucrose is shown by the fact that when added to a measured volume of 
water in quantities less than saturation the volume of the mixture increases. 

The method of density determination consisted in the use of a 100 ml. 
volumetric flask the neck of which was graduated by 0.1 ml. from 100 to 
110 ml. Ten grams of skimmilk powder, previously tested for water and 
fat content, were weighed into the flask, and 100 ml. ol‘ boiled distilled 
water added at 68° F. The mixture was shaken, allowed to stand until all 
foam had disappeared, and volume determinations made at 5° F, intervals 
from the temperatures of 60° F. to 155° F. The purpose of this was to 
eliminate necessity of correction for expansion of glass. Several duplicate 
determinations were made, as well as determinations using 12 and 14 grams 
of skimmilk powder per 100 grams of water. The increase in the volume 
of water in the flask was recorded as the volume of the particular weight of 
skimmilk powder added. 

The above determination was checked for accuracy of volume at different 
temperatures by calculation of density thru the use of a 25 ml. pycnometer. 
Weighings were made into the pycnometer at room temperature, the Ailed 
pycnometer heated to the desired temperature, dried, reweighed, and the 
density of its mixture content calculated by determination of the pycno¬ 
meter volume at different temperatures and dividing this volume into the 
pycnometer weight of the mixture. By determining volume of water and 
mixture at the different temperatures used, no correction for glass expan- 
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sion was necessary. The density of the mixture was taken as the weight of 
all water present plus weight of dry powder divided by the volume of all 
water present plus the volume of dry powder. The density of the solids-not- 
fat was taken as the weight of dry powder divided by the volume of dry 
powder. Although in the same condition as when weighed into the ice cream 
mix the density values are not strictly accurate, due to water of hydration. 
A second factor causing slight inaccuracy was Ihe fat content of the skimmilk 
powder, amounting to 0.1 per cent. This, calculated as water, caused a 
difference of less than 0.0001 in the density of solids-not-fat. 

The values for density of water at varying temperatures given in Lange’s 
Handbook of Chemistry (7) and for the density of butterfat as given by 
Bailey (8) were used for this work. 


Predicted Density Determinations 

Once the densities of the various ice cream constituents were available 
an attempt was made to use the values for prediction of correct Baume, 
readings at which to draw mixes from the vacuum pan. This was done by 
comparing at the same temperature predicted Baume, as calculated from 
density, with the Baume reading of a mix previously made of known com¬ 
position. If the two were not the same, the factor by which the predicted 
density should be multiplied to give a correct reading, was determined. 
Should this be possible it would indicate existence of a straight line relation¬ 
ship between the additive density of a mix and its measured density. For 
this reason additive densities were calculated to the fourth decimal place 
and the Baume hydrometer read as nearly as possible to its smallest division, 
0 . 1 °. 

RESULTS 

Condensation in Laboratory and Commercial Pans 
Physical state of fat, effect on Baume reading. When mixes stand or 
cool the increase in viscosity will cause the hydrometer reading to vary, due 
not only to viscosity but probably duo also to mechanical resistance offered 
by solidified and crystallized butterfat. 


TABLE 2 

Average cffcci of state of fat on Baume reading of ice cream v\i.us 


Composition of mix 

* 8: 11 : 14: 0.4 

8: 11 : 15: 0.4 
8: 11 : 16: 0 A 
10: 10.5: 14: 0.4 
10: 10.5: 14: 0.4 
10: 10.5: 14: 0.4 
12: 10 : 14: 0.4 
14: 0 : 14: 0.4 


Bailing reading with fat 
in liquid state 


13.10 

13.35 

13.75 

12.30 
12.80 

13.30 
11.80 
11.20 


Baume reading with fat 
in solid stale 


13.25 

13.50 
13.90 

12.50 
12.95 
13.45 
12.00 
11.40 


i 




234 


K. A. LARSON AND P. S. LUCAS 


The samples above were cooled to 60° F., held four hours at 40 F., 
wanned to 60° F., and Baume determinations made. Duplicates of these 
samples were cooled to 60° F., held four hours at 40° F., heated to 155° F., 
cooled to 60° F. and tested for density. These duplicates, it will be noted 
from the second column of the table, gave lower readings, doubtlessly, be¬ 
cause the fat was still in an uncrystallized state. The results would indicate 
the necessity of treating cold samples, as indicated by the treatment given 
the duplicates, to secure a correct Baume reading. 



TEMP ERATURE —DEGREES FAHRENHEIT 

Fio. 3. Eolation between temperature and Baum£ readings of different composition 
ice cream mixes. 

Temperature effect on Baume readings. The Baume readings were made 
from 155° F. to 60° F. at 5° F. intervals in the hope of obtaining an ideal 
temperature at which to take readings. 

Within the range of 110° F. to 155° F., each 5° F. interval caused a 
change of 0.2° in the BaumS reading; from 100° F. to 70° F. the change in 
Baume was 0.15° for each 5° F. change; and for 60° F. to 65° F., in most 
cases, 0.1° Baume change for the 5°F. interval. Lack of uniformity in 
these changes per 5° F. interval may be due to the changes beginning to 
take place in the fat globule structure: the change takes place at 110° F. 
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and this point is fairly close to the solidifying point of butterfat. The 
time required for butterfat to crystallize would tend, however, to weaken 
such a theory. It is more likely due to viscosity changes. Inspection of 
figures 1 to 4 shows composition of mix to have little if any effect. 



TEMPERATURE—DEGREES FAHRENHEIT 

Fig. 2. Eolation between temperature and Baume readings of different composition 
ice cream mixes. 

Baume and 'pycnometer density determinations compared. In the fol¬ 
lowing table densities of mixes are given as determined by pycnometer and 
hydrometer. Each determination given represents the average for each 
group, composed of at least two, and, in most eases three, individual mixes. 
Temperature corrections were made to 70° F. Baume readings were con¬ 
verted to density. Since the pycnometer was calibrated to be used at 68° F. 
the Baum6 hydrometer was corrected to 70° F. to make the results 
comparable. Compositions were determined by the Mojonnier method. 

The above table of results possesses value chiefly as a check on the 
accuracy of the hydrometer reading, and on the degree of precision with 
which it may be read. On the average the Baume converted readings 
varied 0.0011 from the pycnometer values. This is slightly more than 0.1° 
Baum6. Nearly one-half of the readings were more than 0.1° Baum6 
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greater or less than the pycnometer determination. The source of error, 
therefore, appears to be with hydrometer accuracy and with the operator. 
The greatest source of mechanical error appears to be with the adjustment 
of temperature. Since it seems io be possible to read the hydrometer no 
more closely than 0.1°, and since this variation causes a density variation 



TEHPERATURE^. DEGREES FAHRENHEIT 

Fig. 3. Relation between temporature and Raum6 readings of diffeient composition 
iee cream mixes. 

of 0.0008, it would seem advisable that only the best grade of rechecked 
hydrometers, having easily read graduations, be used. 

Homogenization effect on viscosity and surface tension. Viscosity and 
surface tension will undoubtedly affect density as determined by hy¬ 
drometer and any processing of the mix which greatly affects viscosity and 
surface tension will cause readings of one mix so treated to appear at vari¬ 
ance with an identical mix processed normally. Unfortunately no mixes in 
this series were made with butter as a source of fat and the results apply 
only to mixes carrying fat as it occurs in milk and cream. Probably a butter 
mix would show less viscosity due to dispersion of fat. Viscosity was de¬ 
termined by the Mojonnier-Doolittle and MacMichael viscosimeters; surface 
tension with a du Nuoy tensiometer. 

Unhomogenized mixes made in the laboratory size pan developed eon- 
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TABLE 3 

Average densities at 70° F. of ice cream mixes calculated by BaumC 
and pycnometer methods 


Mix 

Density 

Composition Percentage 

Fat 

Solids-notfat 

Sugar 

Gelatin 

Baume 

Pycnometer 

Difference. 

8 

11 

14 

0.4 

1.0972 

H 

0.0008 

8 

11 

15 

0.4 

1.1009 

■ m i 

0.0006 

8 

11 

10 

0.4 

1.1032 

1 

0.0018 

10 

10.5 

14 

0.4 

1.0841 

m E; 

0.0007 

10 

10.5 

15 

0.4 

1.0939 

1.0934 

0.0005 

10 

10.5 

16 

0.4 

1.0985 

1.1003 

0.0018 

12 

10 

14 

0.4 

1.0865 

1.0890 

0.0005 

12 

10 

15 

0.4 

1.0927 

1.0935 

0.0008 

12 

10 

16 

0.4 

1.0985 

1.1004 

0.0019 

14 

9 

14 

0.4 

1.0813 

1.0825 

0.0012 

14 

9 

1 15 

0.4 

1.0861 

1.0864 

0.0003 

14 

9 

16 

0.4 

' 1.0927 

1.0923 

0.0004 

13.90 

9.45 

15 

0.4 

1.0856 

1.0878 

0.0022 

13.85 

9.55 

15 

’ 0.4 

1.0886 

1.0892 

0.0006 

14.50 

1 11.0 

14 

i 0.4 

1.0877 

1.0863 

0.0014 

9.9 

10.2 

14 

| 0.4 

i 1.0841 

1.0862 

0.0021 



TEMPERATURE—DEGREES FAHRENHEIT 

Pid. 4. Relation between temperature and Baume readings of different composition 
ice cream mixes. 
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siderable viscosity, this amounting from one-half to nearly the same viscosity 
developed by identical homogenized mixes. Homogenization had little effect 
on viscosity of factory-size pan condensed mixes. 

As a general rule increased viscosity was accompanied by a slight lower¬ 
ing of surface tension although the change was not sharp. With the 
factory-size pan homogenization caused no surface tension changes, although 
this probably would vary according to pressure and to condition of the 
homogenizing valve surfaces. 

Apparent viscosity varied from twice to three and one-half times the 
basic viscosity. Pan condensed, homogenized mixes approximately tripled 
their viscosity during a 24-hour aging period. This tendency was greater 
with high fat and high total solids mixes. Viscosities measured by the 
MacMichael viscosimeter in centipoises were about three times as great as 
the value in degrees retardation secured by the Mojonnier-Doolittle 
viscosimeter. 


Density Determination of Ice Cream Ingredients 

Density of solids-not-fat. Rather than use data on coefficients of ex¬ 
pansion of water, the 110 ml. volumetric flasks used for density determi¬ 
nation of the solid ingredients of the mix were calibrated at several 
temperatures. Holding 100 ml. at 68° F., the same weight of water at 
120° F. had risen in the graduated neck to a volume of 101.05 ml. Read¬ 
ings at other temperatures, as recorded below, were secured similarly. 

TABLE 4 


Volume readings secured in calibration at varying temperatures of 110 ml. graduated 
volumetric flasks lining boiled, distilled water 


Temperature degrees Fahr. 

Volume in ml. 

_ . _ .. .. . . 

Flask 1 

Flask 2 

1155 . 

102.05 

102.05 

150 . 

101.90 

101.90 

345 . 

101.70 

101.70 

340 . 

101.60 

103.60 

335 . 

101.40 

301.40 

130 . 

101.30 

301.30 

125 . 

301.20 

101.20 

120 . | 

303.05 

101.05 

68 . ! 

100.00 

100.00 

60 . j 

99.90 

99.90 


Increase in temperature and volume of water did not show a straight 
line relationship. In general the increase in volume was about 0.15 ml. per 
5° F. increase in temperature. The values given in table 4 were used for 
determining the volume per unit of weight of skimmilk powder, gelatin, and 
sugar in the following manner. Ten grams of skimmilk powder were added 
to one of the flasks containing 100 ml. of water at 68° F., the temperature 
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raised to 130° F. and the volume of the mixture taken. This volume of 
mixture, less 101.3 ml., the volume of the water at 130° F., was taken as the 
volume of water displaced, or volume occupied by the 10 grams of skimmilk 
powder when present in water in its three states, solution, colloidal solution, 
and suspension. Volume of powder divided by weight of skimmilk powder 
was taken as the density of the skimmilk powder. Corrections were made 
for moisture and fat content. Densities of gelatin and sucrose were 
similarly determined. 

TABLE 5 


Volume readings of slcim mill' powder at various temperatures 


Temp. 

dog. 

Fain*. 

Volume 
100 ml. 
water 

Volume 100 
ml. water 10 
grams pwd. 

Volume 100 
ml. water 12 
grains pwd. 

Volume due to 

Density of 
N.N.F. 

3 0 gins, 
powder 

12 gma. 
powder 


ml. 

ml. 

ml. 

ml. 

ml. 


60 

99.00 

100.10 

107.34 

6.30 

7.44 

1.6129 

68 

100.00 

100.20 

107.44 

6.30 

7.44 

1.6129 

120 

101.05 

107.25 

308.49 

6.30 

7.44 

1.6129 

125 

101.20 

107.40 

j 108.64 ! 

6.30 

7.44 

1.6129 

130 

101.30 j 

107.50 

108.74 ! 

6.30 

7.44 

1.6129 

135 

101.40 

107.00 

108.84 | 

6.30 

7.44 

1.6129 

140 

101.00 

107.80 

i 109.04 j 

6.30 1 

7,44 

1.6129 

145 ! 

101.70 1 

107.90 

109.14 I 

6.30 i 

7.44 

1.6129 

150 | 

101.90 j 

108.10 

109.34 | 

6.30 

7.44 

1.6129 

155 i 

U3 

O 

si 

o 

108.25 

109.49 j 

6.30 

7.44 

1.6129 


From table 5, it will be noted that ail increase in temperature did not 
cause a change in volume of the skimmilk powder, using either 10 grams or 
12 grams in 100 ml. water. This verified preliminary data secured when 
10, 12, and .14 grams of skimmilk powder were used, results of which are not 
recorded here. 


TABLE 0 

Density of solids-not-fat suspensions from volume readings using 10 grams powder 


Density of suspension to 60° F. 


Temperature 

(1.0 gins, powder- 

—100 ml. water) 

By pycnometer 

By volume 

60 

! 3.0351 

1.0358 

68 

1 1.0353 

1.0350 

120 , 

1.0375 

1.0355 

125 

1.0372 

1.0355 

130 

1.0364 

1.0356 

135 

1.0378 

1.0358 

140 

3.0380 

3.0358 

145 

1.0367 

1.0358 

150 

1.0360 

3.0359 

155 

1.0354 

1.0360 


Wt. SNF . 

Density of SNF at any temperature = any temperature. 
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Column 2 of table 6 contains the values obtained by pycnometer 
weights. In each case all determinations were corrected to 60° F., using 
the values given in table 7, for the reason that the pycnometer was also 
corrected to 60° F. These were of service in checking individual determi¬ 
nations. The same system was followed for the values in column 3, and for 
density of solids-not-fat given in table 5. It was followed, also, in the 
calculations for densities of solids-not-fat, sugar, and gelatin. These were 
1.6129, 1.6107, and 1.5384 respectively. 

Density calculations gave identical values for solids-not-fat when either 
10 or 12 grams of skimmilk powder were used. This is to be expected, how¬ 
ever, since the skimmilk solids did not change volume with the variations 
in heat used. The density value secured, however, was from the suspension 
and solution of the skimmilk in water, and is literally the density due to 
the solids-not-fat in suspension in the water. Density of the suspension 
by the volume and pycnometer methods checked fairly closely. 

Density of sugar was the same at all temperatures used. One and two 
grams of gelatin were used per 100 ml. of water in checking its density. 
While this is much greater than the amount used in ice cream mix this 
quantity was necessary for accuracy in the particular method used. As 
with sugar and solids-not-fat, gelatin did not increase in volume as tem¬ 
perature increased. Its density, therefore, was found to be uniform at all 
temperatures, within the range used. 

Density of buiterfat and water. The densities of butterfat and water, 
as given in the following table, are calculated from values given by Bailey 
and Lange’s Handbook of Chemistry previously cited. Bailey gives the 
density change for butterfat as 0.00038 per degree Fahrenheit change, and 
the density as 0.9 at 113° F. 

TABLE 7 


Density of butterfat and water at various temperatures 


Temperature deg. Fahr. 

Density of butterfat 

Density of water 

60 

0.92014 

0.99905 

68 

0.9016 

0.99823 


0.8974 

0.98856 

125 

0.8955 

0,98729 

330 

0.8936 

0.98597 

135 

0.8917 

0.98507 

140 

0.8898 

0.98324 

145 

0.8879 

0.98262 

150 

0.8860 

0.98032 

155 

| 0.8841 

0.97881 


Density values above unity are given in the Handbook cited above and 
the first two columns of table 8 are copied from it. From values given in 
these two columns, values given in column three were calculated for use in 
prediction of Baura6 reading. Most density readings, covering the normal 
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range of 1.06 to 1.11, may easily be translated into Baume reading through 
the use of the table. 


TABLE 8 


Relation between density and Baurn.6 scale for densities above unity 


Density 

Baume 

Density to malte 

1 ° Baume change 

1.05 

6.91 

0.00752 

1.06 

8.21 

0.00763 

L07 

9.49 

0.00781 

1.08 : 

10.78 

0.00775 

1.00 

11.97 

0.00840 

1.30 

13.18 

i 0.00826 

1.11 

14.37 

0.00840 

1.12 

15.54 

0.00854 

1.13 

16.68 

0.00877 

1.14 

17.81 

0.00885 


Prediction of Baumc reading according to mix composition. Inspec¬ 
tion of table 8 will show that a change of .0008 in density is necessary to 
cause a change of 0.1° Baumc. The Baumc hydrometer, under practical 
conditions, can be read no more closely than 0.1°. It would be possible, 
therefore, to predict density within 0.0008 provided the hydrometer were 
read as closely as 0.1°. In preparing composition comparisons of actual 
determinations by Baumc and calculated Baume the density values of the 
ingredients used were, butterfat at 113° F., 0.9; solids-not-fat, 1.613; sugar, 
1.61; gelatin, 1.54; and water at 60° F., 0.99823. The densities of the 
second, third, and fourth were calculated as being constant through the 
60-155° F. temperature range. Changes of densities for butterfat and 
water are given in table 7. Mixes were condensed to a predetermined com¬ 
position and Baumc readings made at the temperatures specified. These 
readings were converted to density values. The additive densities at these 
varying temperatures were then calculated and divided into the corresponding 
density obtained from the Baumc reading. The result was the factor used 
for multiplying additive density at the three temperature ranges used. 
This value times added density of mix ingredients gave factored density or 
the density nearest that obtained by actually making and testing the mix. 
The calculation involved merely the determination of a factor which, when 
multiplied by predicted density, gave a value that could be converted into 
the proper Baum6 at which the mix was to be drawn. 

Seventy-two mixes were made up to desired composition and their 
Baume test read. The additive density of these mixes was calculated for 
the temperature range of 120-135° F. Wiled multiplied by the factor 
0.949 the average difference for the 72 mixes between predicted and de¬ 
termined density was 0.00175. This density variation would amount to 
about a 0.2° variation in Baume, within the range specified, and, normally, 
all commercially condensed mixes are read within this range. 
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With the mix at 60° F. at which it is more viscous and the fat in a solid 
state, and using the factor 0.955, an average accuracy of 0.2° Baume was 
obtained with the 18 readings observed. When Baume reading was cal¬ 
culated from additive density the extreme variation from the observed 
reading was 0.7°. Of the 18 readings at 60° F. the predicted density was 
within a reading range of 0.1° Baurne of observed readings in 33 per cent 
of the readings. This number of checks, using the factor 0.955, is perhaps 
too few to be considered conclusive. 

Using the factor 0.949 to predict the density of a mix within the tem¬ 
perature range of 120-135° F., 45.83 per cent of the readings wore within 
0.1° of the observed Baume reading. Of the 90 readings taken, 45.55 per 
cent were within 0.1° Baume of observed readings. Forty-three readings 
were higher than 0.0016 density allowance for 0.2° Baume and 47 readings 
were below this value. 

Sources of Error 

The use of these factors for the temperature ranges mentioned was neces¬ 
sary because of the conditions which tended to change the direction of the 
lines showing the relationship between specific gravity and temperature 
(figures 1 to 4 inclusive). There may be other sources of error, also, in 
predicting density, most of which are directly related to accuracy in making 
readings and tests. Thus a density variation of 0.0008 corresponds to 0.1° 
Baume change. A slight error in the Mojonnier determination for fat or 
total solids would easily cause 0.1° Baume reading change. In calculating 
the mix, an accurate determination of fat and solids must be made rather 
than fat determination only, with assumption that solids-not-fat are present: 
to the extent of nine per cent. Ad error in this determination may be as 
important as an error in the Baume reading itself or one in predicting 
density. This is true especially at the higher temperature ranges where the 
differences between the density of water and butt erf at, and those of sugar, 
milk-solids-not-fat, and gelatin are marked. 

Losses of portions of the mix ingredients, especially solids, during con¬ 
densing will alter the mix composition. When the product is standardized 
back these are not accounted for. The composition, therefore, is not exactly 
as calculated, and predicted densities from composition are not strictly cor¬ 
rect. An error of 0.1 per cent in solids-not-fat test causes an apparent in¬ 
crease or decrease of 0.1 per cent water, causing a change of 0.0008 in density 
or 0.1° Baume reading, i,e., when the reading is made at 125° F., which is nor¬ 
mally the t emperature at which it is made, and with a mix of 8:11:14: 0.4 
composition. Slight changing of the amounts of those solids heavier than 
water would cause a corresponding change in Baume reading. 

Using specially built apparatus having greater accuracy in measurement 
of volume there is the possibility that additive densities at different tem¬ 
peratures would not give a graph in the form of a straight line. Using the 
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apparatus described in this study, however, the changes in volume, if any, 
were too small to be observed when the material was in suspension and solu¬ 
tion in water. With volumetric apparatus reading to fractional, parts of a 
milliliter it is believed that very exact Baume determinations could be 
predicted from desired composition of mix. 

SUMMARY 

The Baume hydrometer may be used as an accurate indicator of the 
composition of ice cream mixes during condensation and as a method for 
prediction of when to strike the batch. This work was designed to originate 
a method for prediction of Baume readings for mixes of a definite finished 
composition, using composition as the basis for calculation. In preliminary 
work, homogenization of the mix was found to have no effect on Baume 
reading; that, to be comparable from day to day, readings had to be taken 
at the same temperature; that Hie average mix condensed at a 24 inch 
vacuum boiled at .140° F., which made the temperature of 125° F. a con¬ 
venient one at which to take Baume readings; that density of all mixes 
studied varied 0.0016 and Baume reading varied 0.2° for each 5° F. change 
in temperature within the range of 115-155° F.; that pan condensed mixes 
are similar in viscosity and surface tension to vat prepared mixes; and that, 
as a rule, great increase in viscosity resulted in slight increase in surface 
tension. 

Twelve mixes of different compositions were made up, condensed, ana¬ 
lyzed, rostandardized to desired composition and their Baume readings 
taken for use as standards. By using this standard it was found that a 
1235 pound mix could be drawn to within ten pounds of its desired weight. 
Within the range of 60° F. to 155° F. milk solids-not-fat, sugar, and gelatin 
were found with increase in temperature to remain constant in volume when 
in suspension or solution. Densities of ice cream ingredients, determined 
by the methods described, were found to be as follows: m ilk-solids-not-fat, 
1.6129; sucrose, 1.6107; and gelatin, 1.5384. Use was made of densities of 
water and butterfat, as given in table 7. 

Additive density was calculated, as described, using the value for water 
and butterfat at the temperature at which the Baume was to be read. This 
additive density, divided by 100, and the result multiplied by the factor, 
0.949, for readings within the temperature range of 120° F. to 135° F., 
gave a predicted density, which when converted to Baume give an average 
density accuracy within 0.2° Baume. 

To make use of these values in predicting Baume reading for a mix the 
number of pounds of each component of the mix in 100 pounds is multiplied 
by the density of the ingredient at the temperature at which the Baume 
reading is to be made. Density of milk-solids-not-fat, sugar, gelatin, and 
butterfat and water have been given. The density factors are added, di- 
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vided by 100, and multiplied by 0.949, if the Baumfi reading is to be made 
between the optimum temperature range of 120° F. to 135° F. The density 
value secured is converted to Baume by reference to table 8. This value 
should give correct Baume, within 0,2°, at which to strike the mix. 
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SOME FACTORS RESPONSIBLE FOR VARIATIONS IN THE 
ACID NUMBERS OF THE FAT IN CREAM AND 
IN COMMERCIAL BUTTER 1 

K L. TOUTS 

Dairy Department , Oklahoma A. and M. College , Stillwater, Oklahoma 

In a previous article it was shown that the acid numbers of the fat of 
commercial butter varied rather widely. No close correlation existed be¬ 
tween the acid number of the fat and the quality of commercial unsalted 
butter; butter of good quality often had relatively high acid numbers, 
while some rancid samples had relatively low acid numbers. In order to 
determine some of the possible causes for the significant fat acid numbers 
variations observed in commercial butter a number of experimental trials 
were made. 

EFFECT OF THE NORMAL MIXED FLORA AND MILK LIPASE IN RAW CREAM 
ON THE ACID NUMBER OF THE FAT 

Raw cream from several sources was used in the trials to determine the 
degree of hydrolysis caused by lipolytic organisms and by lipase in cream. 
Palmer (12) reported that 1 part of formaldehyde in 1500 parts of cream 
inhibited the growth of most organisms with no deterimental effect on the 
milk lipase. 2 In order to determine the effect of formaldehyde on pure 
cultures of some of the lipolytic organisms commonly present in raw cream, 
small iots of sterilized cream were inoculated with known lipolytic organ¬ 
isms. Formaldehyde was immediately added to the cream in concentrations 
ranging from 1 part in 4800 parts to 1 part in 1200 parts of cream. These lots 
of cream were churned after holding 6 days at 21° C. The effect of formal¬ 
dehyde on the organisms was determined by their ability to grow as 
evidenced by increases in the acid number of the fat. 

Organisms varied considerably in their tolerance for formaldehyde (table 
1). Ach. lipolyticum, Myc. lipolytica and Ps. flnoresccns grew very little in a 
concentration of 1 part formaldehyde to 4800 parts of cream, while O. lactis 
grew luxuriantly in all concentrations up to 1 part in 2000 parts of cream. 
None of the organisms showed appreciable activity in cream containing 1 
part of formaldehyde in 1600 parts of cream. As a result of these trials it 
was assumed that any lipolvsis which occurred in raw cream containing 1 
part formaldehyde to 1500 parts cream was due largely to the action of 

Received for publication September 11, 11)39. 

1 From a portion of a thesis presented to the Graduate School of Iowa State College 
in partial fulfillment of the requirements for the Ph.D. degree. 

2 Recent work by B. L. Herrington and V. N. Krukovsky has established the presence 
of two lipases in milk. One is inhibited completely by small amounts of formaldehyde, 
the other is not sensitive to moderate amounts of it. «T. Dairy S<\, 22: 327-135. 1939. 
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milk lipase while in the cream containing no formaldehyde, the lipolysis 
was due to the combined action of lipase and micro-organisms. 

TABLE 1 


Resistance of certain lipolytic microorganisms to formaldehyde in cream 
(Acid number of original fat 0.6 ) 


Concentration of 
formaldehyde 
in cream 

Acid number of butterfat after incubating cream 

0 days at 21° C. 

Cream inoculated with 

Ach. 

Upohjticum 

Myc. 

Jipolyiica 

Ps. 

flu ore scans 

O. loot is 

0 

3.3 

30.0 

5.0 

16.3 

1—4800 

1.0 

1.3 

1.5 

10.4 

1-3000 

.9 

1.8 

1.4 

13.3 

1-2400 

.9 

1.2 

1.2 

7.9 

1-2000 

.9 

LI 

LI 

0.7 

o 

© 

© 

T 

.9 

1.2 

1.0 

.X 

1-1400 

.9 

1.3 ! 

i L0 

7 

1-1200 

L_. 

1 

M 

I 

j 1-2 

1 ’* 


Small portions of several lots of raw cream from different sources, with 
and without formaldehyde added, were stored for 2, 4, 6, 10 and 14 days at 
5°, 13° and 21° C. The lots of cream were then churned and acid numbers 
of the butterfat determined. 

The data shown in tables 2 and 3 reveal that in general, the lipolysis in 
the samples containing no formaldehyde was greatest at the lowest tempera¬ 
ture. At 21° C. the rate of acid formation was considerably greater than 
at the lower temperatures which apparently tended to check the growth of 
some of the lipolytic organisms. 'Exceptions to this generalization were 
occasionally encountered, as for example in table 2, the cream stored at 
21° C. for 14 days showed a higher fat acid number than did another lot of 
the same cream stored at lower temperatures. In the samples containing 
formaldehyde supposedly only the milk lipase was active in splitting the fat. 
The lipase in these samples caused hydrolysis at all temperatures studied 
but increases in its activity were evident as the temperatures of storage in¬ 
creased. The acid numbers of the fat of one group of these samples con¬ 
taining formaldehyde (table 2) after 14 days storage at 5°, 13° and 21° C. 
were 6.0, 7.5 and 13.2, respectively. Increases in the titratable acidity of 
the samples of cream treated with formaldehyde also occurred at all tem¬ 
peratures studied. From the same table it may be observed that from the 
original titratable acidity of 0.16 per cent, the acidity of the samples con¬ 
taining formaldehyde increased in 14 days at 5°, 13° and 21° C. to 0.36, 
0.40 and 0.48 per cent, respectively. These increases were probably due to 
liberation of certain fatty acids by lipase. Increases in the acid numbers 
of the fat were roughly proportional to the increases in titratable acidity. 
The increases in acid numbers and titratable acidities were thought to be 
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TABLE 2 


Effect of the normal mixed flora and milk lipase in raw cream on (he 
acid number of the fat 

(Cream separated from mixed milk of several cows) 


Lays 
held at 

Normal raw cream 

Formaldehyde added (1-1500) 

Per cent 
acidity 

Acid 

number 

Flavor 

Per cent 
acidity 

Acid 

number 

Flavor 

C. 

0 

0.10 

0.0 

good 

o.io 

0.9 

good* 

2 

.20 

(i.O 

bitter, rancid 

.21 

3.5 

oxidized 

4 

.35 

13.2 

bitter, rancid 

.24 

3.9 

oxidized 

6 

.01 

11.1 

bitter, rancid 

.28 

4.5 

rancid 

10 

.00 

15.2 

bitter, rancid 

.28 

5.3 

rancid 

H 

.09 

17.1 

bitter, rancid 

.30 

0.0 

rancid 

a . 







0 1 

JO 

.9 

good 

.16 

.9 

good 

o i 

.08 

7.0 

rancid 

.22 

4.0 

rancid 

4 

.70 

8.2 

j rancid 

.24 

4.8 

rancid 

0 l 

.88 

7.0 

j rancid 

.30 

5.5 

rancid 

10 1 

1.00 

( 10.1 

; rancid 

.35 

j «.2 

rancid 

14 i 

; 1.14 

11.5 

rancid 

.40 

i *») 1 

rancid 

(\ 

0 

; .16 

i .9 

good j 

JO 

.9 

good 

t> 

.70 

0.0 

good 

OO i 

4.9 

oxidized 

4 

! .70 

8.2 

very sour j 


4.8 

oxidized 

<; 

.97 

9.0 

rancid, cheesy j 

.38 1 

7.5 

rancid 

10 

1 .OB 

! 11.5 

: rancid, cheesy , 

.40 j 

9.5 

rancid 

14 ; 

! 1.05 

j 22 2 

| rancid, cheesy 

I .48 ! 

| 13.2 

rancid 


* Formaldehyde was detectable in all samples continuing it; the term “good” was 
used to indicate the absence of a rancid flavor or odor. 


due largely to the action of milk lipase on the fat since plate counts on 
these samples revealed relatively few organisms. Rarely did the plates 
show more than a few hundred organisms per milliliter. Long (10) and 
Collins (3) reported that organisms must be present in reasonably large 
numbers to cause defects and it is believed that there were too few organ¬ 
isms in these samples to cause the acidity increases observed. This state¬ 
ment agrees with the findings of Krukovsky and Sharp (8) who showed that 
raw milk on standing at temperatures too low for bacterial growth, increased 
considerably in titratable acidity. 

In some of the samples containing no formaldehyde marked increases in 
the acid number of the fat were noted between 10 and 14 days of storage. 
These sharp increases probably were caused by more rapid mold growth 
during this period. 

The data in table 4 show that when milk from individual cows was held 
at 5° C., fatty decomposition occurred due to growth of organisms and 
action of lipase very similar to that observed in mixed herd milk. 

Of the two biological agencies capable of causing lipolysis as measured 
by the acid number of the fat, the action of micro-organisms was of some¬ 
what greater importance than the action of milk lipase. In the raw cream 
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TABLE 3 


Effect of the normal mixed flora and milk lipase in raw cream- on the 
acid number of the fat 

(Cream separated from mixed milk of several cows ) 


Bays 
held at 

Normal raw cream 

Formaldehyde added (1-1500) 

Per cent 

Acid 

Flavor 

Per cent 

Acid 

Flavor 


acidity 

number 

acidity 

number 

5° C. 







0 

0.14 

0.6 

good 

0.14 

0.6 

good*’ 

<> 

.20 

6.5 

rancid 

.21 

3.5 

rancid 

4 

.3o 

13.2 

rancid 

.24 

3.6 

rancid 

6 

.51 

16.0 

rancid 

.28 

4.1 

rancid 

10 

.62 

21 . L 

rancid 

.30 

5.0 

rancid 

14 

.75 

27.0 

rancid 

.33 

6.8 

rancid 

13 3 C. 







0 

.14 

.6 

good 

.14 

.6 

good 

o 

.58 

7.6 

rancid 

22 

4.0 

rancid 

4 

.70 

8.4 

rancid 

.24 

4.8 

rancid 

6 

.88 ! 

! 9.1 

rancid 

.30 

5.0 

rancid 

10 

| .90 

! 11.2 

! rancid 

.32 

1 6.3 

rancid 

14 

.92 

! 13.1 

rancid 

i | 

I 7.5 

! rancid 

n° c. 







0 

.14 

.6 

good 

; .14 ! 

.6 

good 

2 

.70 

6.5 

rancid 

.22 

4.9 

rancid 

4 

.76 | 

9.6 

rancid 

! .28 

5.7 

rancid 

0 

.96 

31.0 

rancid 

.38 

6.0 

rancid 

10 

.95 

12.3 

rancid 

.40 ! 

7.5 1 

rancid 

14 

.97 

14.5 

rancid 

.41 ] 

9.2 

rancid 


* See footnote, table 2. 


in which both micro-organisms and normal milk lipase had been active the 
acid numbers of the fat were often 3 to 4 times greater than in the samples 
containing formaldehyde. This is particularly well demonstrated by the 
data shown in table 3. The samples held at 5° C. containing formaldehyde 
at 4, 6,10 and 14 days had acid numbers of 3.6, 4.1, 5.0 and 6.8, respectively 
while similarly held samples of the same cream containing no formaldehyde 
had acid numbers of 13.2, 16.0, 23.1 and 27.0, respectively. The increases 
in acid numbers due to growth of micro-organisms were much greater than 
the increases due to milk lipase. The data presented reveal an unusual 
circumstance in that in every case the total lipolysis at 13° C. was less than 
at either 5° or 21° C. after 14 days of storage. No explanation is offered 
for this condition. 

Davies (4) reported that certain metals tended to inhibit lipase activity 
in butter. In order of their inhibiting power were copper, iron, nickel, 
cobalt, manganese and chromium. Tin and aluminum had no effect. In 
the trials reported no effort was made to check or control the normal metal 
contamination. The results obtained may have been influenced by this 
factor. 

Rice and Marklev (13) reported that one of the causes of rancidity in 
dairy products is the carrying over of the enzyme into the manufactured 
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products. In view of the wide use of the pasteurization process for dairy 
products it seems doubtful that a significant carry-over of lipase would occur 
under ordinary factory conditions. 

TABLE 4 


Effect of the normal mixed flora and milk lipase in raw cream on the 
acid number of the fat 

(Cream separated from milk of individual cows) 


Cow 

Fresh cream 


Cream after 14 days at 5° 

C. 

Acid 
number 
of fat 

Flavor 

Normal 

Formaldehyde added 
(1-1500) 

Acid 

number 

Flavor 

Acid 

number 

Flavor 

1 

0.5 

good 

4.0 

rancid, sour 

1.2 

rancid 

2 

.6 

good 

2.0 

rancid, sour 

.8 

rancid 

3 

.5 

good 

o »> 

sour 

3.0 

putrid, sour 

4 

.5 

good 

3.1 

fair 

.9 

putrid 

5 

.6 

good 

2.0 

fair, rancid 

1.7 

rancid 

6 

1 .6 ( 

1 good 

1.0 

rancid, sour 

.9 

rancid 

7 

.7 

| good 

5.0 

rancid 

3.0 

si. rancid 

8 

.9 

i good 

2.2 

rancid 

1.2 

si. rancid 

9 

.7 

good 

2.8 j 

rancid 

1.5 

old 

10 

.7 

j good 

1.6 

rancid 

1.0 j 

rancid 


From the data presented it may be readily seen that fatty decomposition 
occurred in cream even when stored at low temperatures. All samples of 
normal raw cream contained lipolytic micro-organisms which were capable 
of causing hydrolysis of fat if conditions favored their growth. These re¬ 
sults agree with the findings of Hammer and Collins (5) who showed that 
lipolytic organisms were common in fresh raw milk and cream. A fat 
splitting enzyme was also present in all samples studied. Both of these 
agencies were active throughout a wide range of temperature. There was, 
however, considerably more hydrolysis of the fat at all temperatures in the 
samples containing no formaldehyde which indicates that micro-organisms 
were active in splitting the fat. While considerable variation may be ex¬ 
pected in the degree of fat decomposition in cream from different sources, 
the importance of procuring and processing cream by the creamery soon 
after it is produced is emphasized. 

EFFECT OF THE GROWTH OF BUTTER CULTURE ORGANISMS AND L. bulgaricitS 
ON THE ACID NUMBER OF THE FAT OF CREAM 

Most of the butter manufactured in the United States is made from 
gathered cream, only a comparatively small amount being made from milk 
separated in creameries. Gathered cream is received by creameries in some 
areas in a sweet condition while in others it often is excessively sour. In 
most of the butter producing areas the maximum acidity encountered in 
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cream is 0.8 to 1.0 per cent and this acid is largely the result of the growth 
of 8. lactis organisms. In some sections however cream sometimes develops 
an acidity considerably in excess of 1.0 per cent. Such an acidity is largely 
the result of the growth of lactobaeilli. Because of poorly organized pro¬ 
curement systems and lax cream grading regulations, cream often remains 
on farms and in cream stations for prolonged periods before delivery. 
This situation, coupled with high temperatures, provides conditions suitable 
for the growth of lactobaeilli. 

Plant practices often involve the ripening of cream. In this process the 
acidity may be increased materially before the cream is churned. Under 
the conditions described the acidity produced is primarily the result of the 
fermentation of lactose by 8. lactis which results in the production of lactic 
acid. The effect of the growth of these homofennentative organisms in 
cream on the acid number of the fat has been investigated. In trials, por¬ 
tions of sweet cream were sterilized, inoculated with 1 per emit butter 
culture arid ripened at 21° C. to varying acidities. Other lots of cream 
were inoculated with cultures of L. bulgaricus and ripened at 37° C. to 
acidities considerably above one per cent. The lots of cream were then 
cooled, churned and the acid numbers of the fat determined. 

The data in table 5 shows that even though the acidities of the cream 


TABLE 5 

Effect of the growth of butler culture organisms on the acid number of the fat of cream 
(Cream incubated at fJV C.) 


Trial 

I 

Trial 

II 

Trial 111 

Per cent j 

Acid 

Per cent. ' 

Acid 

Per cent 

Acid 

acidity in 

number 

acidity in j 

number 

acidity in 

number 

cream I 

of fat 

cream j 

of fat 

cream 

of fat 

0.11 i 

0.00 

0.09 1 

0.55 

0.11 

0.65 

.39 

.65 

.27 1 

.50 

.25 

.60 

.49 ! 

.00 

.35 

.50 

.35 

.65 

.58 ; 

.60 

1 .60 

.50 

! .58 

.65 

.80 

.or, 

.82 

.55 

.85 

; .00 

.80 

.oo ! 

.89 ' 

.50 | 

; .88 

j .65 


were increased to the normal maximum of butter culture organisms, which 
is considerably above the normal churning acidity, the acid number of the 
fat was not changed appreciably. Likewise, the data in table 6 reveal that 
the growth of the L. bulgaricus failed to alter the acid number of tlie fat. 
These results indicate that growth of the common homofennentative organ¬ 
isms in cream is not responsible for increases in the acid number of butterfat 
and confirm the findings of Orla-Jensen (11) and of Laxa (9) whose data 
show that ordinary milk souring bacteria had no influence on the acid 
number of the fat. 
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TABLE 0 


Effect of the growth of L. bulgaricus on the acid number of the fat of cream 
(Cream incubated at i7' J €.) 


Trial I 

Tria 

1 II 

Per cent acidity 

Acid number 

Per cent acidity i 

Acid number 

in cream 

of fat 

in cream | 

of fat 

0.10 

0.70 

0.13 

0.45 

.88 

.05 

.75 

.50 

1.23 

.05 

1.30 

i .55 

1.(50 

! .70 

i 1.52 

| .45 

1.88 

! .75 

i 2.02 

! 


EFFECT OF GROWTH OF CERTAIN LIFOLYTIC ORGANISMS IN CREAM AND BUTTER 
ON THE ACID NUMBER OF THE FAT 

Several organisms which si lowed definite lipolysis when grown on an 
agar medium containing fat emulsion were inoculated into portions of 
sterilized cream. After 7 days incubation at 21° C. the cream samples were 
churned and the acid numbers of the fat determined. 

While all of the organisms showed definite lipolysis on agar plates (table 
7), some of them failed to produce rancidity in cream or butter or to cause 
marked increases in the acid number of tlie fat. Some of the organisms 
caused increases in the acid number of the fat and yet failed to produce a 
typically rancid odor. 

Hammer and Collins (5) reported that the highest lipolytic counts were 
secured on butter that was cheesy rather than rancid. Long (10) also found 
that certain cultures showing lipolysis on plates containing fat often failed 
to produce rancidity in butter. Various flavors were produced by the 
organisms studied, including old, acidy, roquefort, putrid, cheesy and ran¬ 
cid. The acid numbers on the fat of the inoculated samples after incubation 
ranged from 0.6 to 16.8. 

Orla-Jensen (11) showed that certain organisms were able to bring about 
rancidity and cause high acid values on the fat. In working with pure 
cultures of Ps. fragi, Ilussong (6) found that this organism was quite ac¬ 
tively lipolytic and caused an increase in the acid number of the fat which 
was accompanied by a rancid flavor and odor. Ilis work also showed that 
certain organisms caused marked increases in the acid number of the fat but 
failed to produce a rancid odor and that many lipolytic organisms are also 
proteolytic. 

It has been shown by many workers that certain micro-organisms have 
the ability to hydrolyze fat when growing in cream and in butter. A series 
of trials were made to determine the comparative lipolytic activity of 
several organisms when growing in cream and in butter. Sweet cream was 
sterilized in an autoclave, cooled to 21° C., and inoculated with a culture 
of the organism under consideration. The inoculated cream was well mixed 
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TABLE 7 

Effect of growth of lipolytic organisms in cream on the acid number of the fat 


Cream incubated 7 days at 
21° C. after inoculation 

Per cent acidity 
in cream 

Acid number 
of fat 

Flavor of cream 

P. roqueforti . 

0.32 

8.6 

roquefort 

Myc. lipolytica . 

1.57 

12.4 

acid, yeasty 

Ps. fragi . 

.25 

.6 

old 

Ps. fluorescent . 

.50 

9.5 

old, putrid 

Ach. lipolyticum . 

.39 

9.4 

putrid, rancid 

Ale. lipolytieus . 

.43 

16.8 

cheesy, rancid 

0. lactis . 

.48 

10.1 

acid 

Unidentified bacillus A ... 

.30 

1.8 

putrid 

Unidentified bacillus B. 

.53 

3.5 

putrid 

Unidentified bacillus C. 

.32 

3.4 

putrid, rancid 

Unidentified bacillus D . 

.37 

1.9 | 

roquefort, rancid 

Cream before sterilization 

.16 

.8 

good 

Cream after sterilization ... 

.13 

.7 

good, heated 


and divided into two portions. One of these portions was churned, the 
butter was packed in sterile containers and placed in storage at 5°, 13° and 
21° C. The other portion of the inoculated cream was carefully transferred 
to sterilized fruit jars and placed in storage at the same temperatures as 
the butter. After 4, 6, 10 and 14 days of storage, samples of cream and 
butter were removed from storage. The cream was churned and flavor of 
the butter and acid number of the fat of each sample were determined. In 
addition the titratable acidity of the cream was determined. 

The data showing the lipolytic activity of Ach. lipolyticum is presented 

TABLE 8 


Comparative lipolytic action of /ich . lipolyticum in cream and in butter 


Bays held 
at 


Cream 


Butter 

Per cent 
acidity 

Flavor 

Acid 

number 

Flavor 

Acid 

number 

5° C. 

0 

0.13 

good 

1.0 

good 

3.0 

4 

.30 

good 

1.3 

good 

1.3 

6 

.31 

old 

2.0 

old 

.1.4 

10 

.32 

old 

2.7 

rancid 

1.6 

14 

.32 

si. rancid 

3.1 

si. rancid 

1.7 

IS 9 c . 






0 

.13 

good 

1.0 

good 

1.0 

4 

.31 

good 

2.0 

good 

1.6 

6 

.34 

old 

4.3 

off-flavor 

1.8 

10 

.36 

si. rancid 

4.9 

rancid 

2.4 

14 

.35 

si. rancid 

5.9 

rancid 

3.1 

81° C. 






0 

.13 

good 

1,0 

good 

1.0 

4 i 

| .32 

old 

2.8 

good 

1.0 

6 

: .33 

old 

3.3 

si. rancid 

2.7 

10 

.41 

rancid 

6.2 

rancid 

3.5 

14 

.40 

rancid 

7.1 

rancid 

4.5 
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in table 8. The acid numbers on both the fat of cream and of butter in¬ 
creased progressively throughout the 14 day period. In general the growth 
at all temperatures was more rapid in cream than in butter as is evidenced 
by the greater acid numbers on the fat of cream than on the fat of butter 
under the same holding conditions. The acid numbers in both cream and 
butter increased most rapidly at the higher temperatures, being at the end 
of 14 days in the cream 3.1, 5.9 and 7.1 when held at 5°, 13° and 21° CJ., 
respectively, and in the butter under the same holding conditions the acid 
values were 1.7, 3.1 and 4.5. This organism formed comparatively little 
acid at any temperature, 0.41 per cent being the maximum. In general, 
off-flavors were evidenced in the cream and butter after about the same 
period of storage at each temperature regardless of differences in acid 
numbers. 

The results with Myc. lipotyiica (table 9) were similar 1o those obtained 
with Ach . lipolyticum with the exception that greater increases in the acid 
numbers of the fat were observed at all temperatures and all storage periods. 
After 14 days the acid numbers of the fat of the cream were 34.0, 39.7 and 
42.0 at 5°, 13° and 21° C., respectively, and in similarly handled butter the 
corresponding values were 7.0, 27.9 and 32.6. 

(). lactis grew more luxuriantly in cream than in butter at all tempera¬ 
tures. Tliis greater growth was evidenced by larger acid numbers on the 
fat of cream as shown in table 10. After 14 days the acid values in cream 
were 15.5, 19.4 and 43.0; in butter the corresponding values were 4.1, 14.8 
and 38.5. This organism caused greater fatty breakdown in both cream and 
butter at all temperatures than did the Ach . lipolyticum but did not cause 
as much fat hydrolysis as Myc. lipolytica at 5° or 13° C. 

The data presented substantiate the statement that the organisms 
studied, which included common bacterial, mold and yeast species, grew 
more luxuriantly in cream than they did in butter. The differences were 
greater at 5° than at 13° and 21° C. It is recognized that the amount of 
working butter receives influences the rate of growth of the organisms it 
contains. Since it was impossible to accurately control the degree of work¬ 
ing, comparisons between the rate of fat breakdown in the various lots of 
butter containing different organisms should not be seriously considered. 
However since all lots of cream were very similar in fat content and other 
properties it seems logical that comparisons could be made of the lipolytic 
activity in cream of the various organisms studied. 

All of the lots of experimental cream and butter became off-flavored and 
unmarketable after a few days of storage at all temperatures studied. 
Using the flavor of the butter and the acid number of the fat as criteria, it 
may be concluded that all of the organisms studied were extremely damag¬ 
ing to the quality of cream and butter. It may be further concluded that 
the bacterial species studied, including Ach. lipolyticum, Ps. fluorescens and 
Ale. lipolyticus (data on latter two not shown), were less damaging to cream 
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and butter from the standpoint of fatty decomposition than either 0. lactis 
or Myc . lipolytica. 

TABLE 9 


Comparative lipolytic action of Myc. lipolytica in cream and in butter 


Days held 
at 

Cream 

Butter 

Per cent 
acidity 

Flavor 

Acid 

number 

Flavor 

Acid 

number 

o« C. 






0 

0.12 

good 

0.9 

good 

0.9 

4 

J6 

good 

1.0 

good 

1.8 

6 

.17 

good 

3.0 

good j 

3.3 

10 

.19 

rancid 

11.7 

rancid i 

5.2 

14 

.23 

v. rancid 

34.0 

w. rancid 

7.0 

13° C. \ 

i 





0 

.12 

good 

.9 

good 

.9 

4 

.21 

old 

7.4 

si. rancid 

9.9 

6 

.27 

old 

13.8 

rancid 

14.5 

10 

.31 

v. rancid 

38.3 

v. rancid 

21.0 

14 

.35 

v. rancid 

39.7 

v. rancid ! 

27.9 

21° C. 






0 

.12 

good 

.9 

good 

.9 

4 

.24 

si. rancid 

7.0 

si. rancid 

12.0 

6 

.36 

rancid 

13.2 

rancid 

17.3 

10 

.39 

v. rancid 

21.5 

v. rancid 

23.4 

14 

1.05 

rancid, yeasty 

42.0 

v. rancid 

32.6 


TABLE 30 


Comparative lipolytic action of 0. lactis in err am and in butter 


Days held 
at 


Cream 


j Butter 

Per cent 
acidity 

Flavor 

Acid 

number 

J Flavor 

Acid 

number 

5° C. 

0 

0.12 

good 

0.5 

j good 

0.5 

4 

.21 

old 

1.5 

good 

.9 

6 

.23 

old 

5.7 

! old 

2.3 

10 

.28 

rancid 

13.4 

Bl. old 

3.5 

14 

.37 

v. rancid 

35.5 i 

rancid 

4.1 

13° C. 






0 

.12 

good ! 

.5 : 

good 

.5 

4 

.23 

old 

5.3 

good 

1.3 

6 

.29 

old 

8.3 | 

si. old 

2.5 

10 

.42 

rancid 

15.3 | 

si. rancid 

12.4 

14 

1 .57 

v. rancid 

I 19.4 

rancid 

14.8 

Sl° C . 



1 



0 

.12 

good 

.5 

good 

.5 

4 

.32 

rancid 

8.2 

old 

11.0 

6 

.47 

rancid 

17.5 

old 

14.3 

10 

.68 

v. rancid 

31.3 

v, rancid 

33.4 

14 

1.05 

v. rancid 

43.0 

v. rancid 

38.5 


EFFECT OF NEUTRALIZATION OF SOUR CREAM ON THE ACID NUMBER OF THE FAT 

Raw cream was inoculated with a culture of a lipolytic organism, Ach. 
lipolyticum, and incubated until the acidity of the cream and the acid numr 
ber of the fat had increased appreciably. To a series of quart jars, each 
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containing 1 pound of cream at 30° C., was added neutralizer in increasing 
amounts so that portions of cream at different acidities were obtained. 
Sodium carbonate and magnesium oxide were used. The cream was then 
pasteurized at 62° C. for 30 minutes and cooled. The lots of cream were 
churned and acid numbers of the fat were determined. 

While the data (table 11) reveal a very definite reduction of the free acidity 
in the fat, the neutralization of this acidity was somewhat slower, and less 
complete than the neutralization of the serum acidity. The free fatty acids 
were reduced in all samples of cream to which alkali was added but the rate 
of reduction was slow until the tit ratable acidity of the cream was reduced 
appreciably. Using sodium carbonate, comparatively little reduction was 
noted in the acidity of the fat until the titratable acidity of the cream had 
been reduced to 0.20 per cent; with magnesium oxide, to 0.15 per cent. 
After sufficient alkali had been added to reduce the cream to the neutral 
point using phenolphthalein as an indicator, some free acid still remained 
in the fat. Although there was no appreciable difference in the degree of 
reduction of the fatty acids by the two alkalies, magnesium oxide appeared 
to be slightly more effective than sodium carbonate. Results of experiments 
by Bird and Breazeale (1) show that a definite reduction in the fatty acids 
of cream occurred when it was neutralized. 

TABLE 11 

Effect of neutralization of sour cream on acid number of tin fat 
(Cream pasteurized at (U ■ ('. for ,10 min nits) 

j Neutralized with 


Sodium carbonate Magnesium oxide 


Trentrnent of cream 

— 

..... . 





Per cent 

Acid 

Per cent j 

Acid 



aoidit v in 

number 

acidity in ! 

number 



cream j of fat 

cream | 

of fat 

Raw 


0.72 

2.1 

0.72 

2.1 

Pasteurized, not 

neutralized 

.71 

1.9 

.71 

1.9 


: .40 

J.S 

.44 

1.8 



! .29 

1.8 

.88 

1.8 



! .HO 

1.4 

.27 

1.7 

Pasteurized and 

neutralized 

! .17 

1.0 

.15 

1.2 




.18 

.8 

.11 

1.2 


. 


.10 

. i 

.10 

J.2 




.00 

A 

.00 



The work of Clark, ct al. (2) included a study of the acid numbers of 
many samples of commercial butter of varying quality. They considered 
that a good correlation existed between the acid numbers of the fat of butter 
and the quality of the cream from which it was made and concluded that on 
the average, the poorer the quality the cream the higher the acid number of 
the fat of the resulting butter. 

In general, the lots of high quality butter had low acid numbers on the 
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fat. It did not follow however that low quality cream always produced butter 
with the higher acid numbers on the fat. Poor quality butter made from 
neutralized cream, often showed a relatively low acid number, depending on 
the degree of fat hydrolysis, the type and amount of neutralizer used in the 
cream. Judging from these data and from the results of others (1), one is 
not justified in assuming that butter with a low acid number on the fat was 
made from good quality cream. 

A study was made on cream delivered to a local creamery, as related to 
the effect of the neutralization process on the acid number of the butterfat. 
In each trial the cream was received at the creamery, weighed, sampled and 
dumped into the pasteurizing vat without regard to quality. When the vat 
was full, the cream was warmed to about 30° 0., a sample of the mixed 
cream was removed from the vat and immediately cooled. The acidity of 
the cream in the vat was then standardized to approximately 0.25 per cent 
with a lime neutralizer. After the cream had been pasteurized and cooled 
a second sample was removed from the vat. A sample of butter was also 
taken from the completed churning. The samples of cream were churned 
and the acid numbers of the fat of the cream as well as of the butter were 
determined. 

The titratable acidities of the unneutralized cream (table 12) varied from 
0.47 to 0.82 per cent and the acid numbers of the fat from 1.2 to 5.9. After 
standardization of the cream wdth alkali to acidities ranging from 0.23 to 
0.27 per cent, the acid numbers of the fat ranged from 1.0 to 1.5. The acid 
numbers of the fat of the resulting butter ranged from 0.9 to 1.7. In every 
instance the acid number of the fat was reduced when the acidity of the 
cream was standardized. While there was considerable variation in the 
acid numbers of the fat of the unneutralized cream, the acid numbers after 
neutralization were comparatively uniform. This indicates that the per¬ 
centage reduction of the fat acidity due to neutralization was considerably 
greater in the samples of raw cream with high acid numbers than in the 
samples with low acid numbers. The cream with the high acid numbers 
before neutralization made slightly lower quality butter than the cream with 
low acid numbers. Samples 8, 9 and 10 had higher acid numbers than the 
other samples and the resulting butter was of slightly lower quality. 

CONCLUSIONS 

* 

1. Of the two biological agencies causing fat hydrolysis in raw cream, 
organisms were found to be of greater significance than lipase. 

2. In raw cream containing no formaldehyde, in which both lipase and 
micro-organisms were active, the lipolysis was greater at 5° than at 13° or 
21° C.; in cream containing formaldehyde, in which lipase only was active, 
the degree of hydrolysis increased as the holding temperature of the cream 
increased within the range studied. 

3. The growth of butter culture organisms or L . bulgaricus in sterilized 
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cream, resulting in titratable acidities ranging up to 0.89 per cent with the 
former and up to 2.02 per cent with the latter, failed to cause changes in 
the acid numbers of the fat. 

4. With the exception of Ps . fragi, all organisms studied which showed 
lipolysis on agar plates containing fat caused increases in the acid numbers 
of the fat when inoculated into sterilized cream, although rancidity did not 
result in every instance. 

5. All organisms studied were more actively lipolytic in cream than in 
butter, especially at 5° C. 

6. When the titratable acidity of sour cream was reduced by the ad¬ 
dition of an alkali, the acid number of the fat was also reduced, but not 
proportionately. 

7. Because of the decrease in the acid number of fat resulting from the 
neutralization process, it cannot be assumed that butter with a low acid 
number on the fat was made from good quality cream. 
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LIVE WEIGHT AND MILK-ENERGY YIELD IN HOLSTEIN COWS 

W. L. GAINES 

Illinois Agricultural Experiment Station , Urbana, Illinois 

This paper extends an analysis of the relation between live weight and 
milk-energy yield in cows, based on data available in the literature ( cf . 1/ 
2). The records considered here are from the Cornell Station (3, 4) and 
from the Bureau of Dairy Industry (5). The former pertain to grade Hol¬ 
stein cows of mature age; the latter, to pure-bred half-sister Holstein cows 
as first-calf heifers and at mature age. 

CORNELL DATA 

These represent a feeding trial designed to test the effect of concentrate 
rations differing in per cent of total protein for 3 successive seasons. They 
include the initial live weight of each cow and her milk and fat yield for 
the first 40 weeks of lactation in the first and second seasons and the first 37 
weeks in the third season. 

Initial live weight (IW) and milk energy ( FCM ). The correlations 
between initial live weight and milk energ}’ per unit Jive weight work out as 
follows: 

First season, 32 cows, IW -1084 to 1333 pounds, r = -.26dr.ll 

Second season, 36 cows, IW = 1120 to 1503 pounds, r = - .06 dr .11 

Third season, 35 cows, 1W = 1062 to 1534 pounds, r = *-.02 dr .11 

These results suggest a progressive change in the relation of initial live 
weight to milk-energy yield. Inasmuch as the cows were purchased in the 
open market shortly before start in the trial it may be inferred that the 
management in the station herd develops a condition of substantial indepen¬ 
dence between initial live weight and milk-energy yield per unit initial live 
weight. That is, milk energy tends to become a multiple of initial live 
weight under favorable conditions of management. 

Twenty-two of the cows were in the trial all 3 seasons. If a progressive 
change occurs as above suggested it should be indicated more trustworthily 
by these 22 cows considered by themselves. The correlations for the 22 cows 
are: 

First season, IW = 1084 to 1308 pounds, r = -.15dr.l4 

Second season, IW = 1120 to 1503 pounds, r = +.16 dr .14 

Third season, IW = 1163 to 1534 pounds, r = + .11 dr .14 

Apparently such change as may occur is brought about during the first 
lactation and rest period in the experiment. As between the cows in this 
group of 22 during the second and third seasons the larger cows at the start 

Beeeived for publication August 3, 1939. 
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of lactation produce more milk energy per unit size than the smaller com 
If milk energy is expressed as a power function of initial live weight the 
exponent is greater than unity. 

The relation between initial live weight and milk-energy yield for these 
22 cows is shown graphically in figure 1. 
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Fig. 1. Relation of milk-energy yield in pounds of 4 per cent milk per pound initial 
live weight (FCM/IW) to initial live weight in pounds (JLW). 

Equations of the straight lines: 

1928- 29, FCM/IW = 10.12 - .00205IW 

1929- 30, FCM/IW = 3.99 + .00.197 IW 

1930- 31, FCM/IW = 4.03 + .00141 IW 


Effect of per cent protein in the concentrates. The general conclusion 
(3, 4) from the experiment was that there was little difference between the 
3 rations as to effect on milk yield. However, on the basis of FCM/IW for 
the 22 cows in the trials all 3 seasons there appears to be an appreciable 
and consistent difference in favor of the high-protein concentrates. Table 1 
shows the results on this basis* In both the first and second seasons the 
group average FCM/IW increases with the per cent of protein in the con¬ 
centrates. In the third season the 16 per cent group, which had received the 
concentrate with 16 per cent protein continuously in the first and second 
seasons, was started on 16 per cent concentrates for 5 weeks and then alter- 

TABLE 1 


Initial live weight and milk-energy yield per unit initial live weight by groups 
according to the per cent of protein in the concentrates fed 

(From publications 4) of the Cornell Station) 


Group 

Number 

of 

cows 

1928-29, 280 days 

1929-30, 280 days 

1930-31,259 days 

Mean 

IW 

Mean 

FCM/IW 

Mean 

IW 

Mean 

FCM/IW 

Mean 

IW 

Mean 

FCM/IW 

16 per cent . 

7 

1125 

6.74 

1224 

6.23 

1266 

6.87 

20 per cent . 

8 

1257 

6.93 

1326 

6.54 

1358 

6.50 

24 per cent . 

7 

1175 

7.24 

1276 

6.76 

1269 

6.00 


IW = initial live weight in pounds, determined about 3 days after calving. 

PGM s= milk-energy yield in pounds of 4 per cent milk = .4 x pounds milk +15 X pounds 
fat* Milk energy in calories = 340 x FCM. 
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nated with 24 per cent and then 20 per cent by 5-week periods. A similar 
procedure was followed for the other two groups. Hence the results are not 
comparable in the same way as for the first and second seasons. 

If milk-energy yield per unit initial live weight is a fair basis of com¬ 
parison it appears there may be some increase in yield associated with high- 
protein feeding for the first and second seasons. Results for the third 
season suggest residual effects. It is the purpose here merely to mentioti 
the idea of using FCM/IW as a measure of yield in the first and second 
seasons. 

BUREAU OF DAIRY INDUSTRY DATA 

These records pertain to a breeding project in which a consideration of 
first importance is a quantitative determination of the milking capacity of 
the cows for genetic analysis. The Bureau plan is to test each cow with her 
first calf and again after 5 years of age; feed liberally; milk 3 times daily; 
breed not earlier than the fifth month of lactation; and use 365 days as the 
test period. The records are therefore on quite a different plane than those 
of the Cornell experiment utilized above. The record of live weight is an 
average of 24 semi-monthly weighings during the lest, period (in contrast 
to initial live weight in the Cornell data). 

The data considered here are the records of 32 daughters (excluding no. 

TABLE 2 


Coefficients of correlation (r) in the records of 32 daughters of a Holstein hull 
(From a publication (5, table 11) of the Bureau of Dairy Industry) 


Variables correlated 

n 

r 

A. Records of the same cow or different cows with respect to: 

1 . Live weight and milk energy per unit live weight 

Cl 

■ -.274 +.080 

2. Live weight and milk energy per unit live weight* ... | 

34 

+ .13C+ .118 

3. Live weight and milk energy per unit live weightt . j 

27 

- .104 + .129 

4. Live weight and age-corrected milk 

Cl 

-.117+ .085 

5. Age and milk energy per unit live weight 

61 

- .013 + .086 

6 . Age and age corrected milk 

61 

- .073 + .086 

7. Milk energy and age corrected milk 

61 

4 .679 + .046 

8 . Milk energy and milk energy per unit live weight 

61 

+ .745 + .038 

9. Milk energy per unit live weight and age corrected milk 

Cl 

| r. 813 + .029 

B. First and last records of the same cow with respect to: 

1. Fat percentage. ! 

22 i 

+ .624 + .088 

2. Milk energy per unit live weight, FCM/W j 

22 

i- .697 + .074 

3. Milk energy, FCM . 

22 

+ .725 + .068 

4. Milk .'. j 

22 

+ .772 ± .058 

5. Age corrected milk . i 

1 

22 

+ .826 ± .046 

| 

C. One record and another of the same cow with respect to: 

1 . Fat percentage 

72 

1 +.584+ .053 

2* Milk energy per unit live weight, FCM/W 

72 

i 4 .092 + .042 

3. Milk energy, FCM . 

72 

i.294 ±.073 

4. Milk . 

72 

| 4 .382 + .068 

5. Age-corroctod milk .. 

72 

| 4 .760 ± .034 

* Records below 1323 pounds live weight, the mean of the Cl records, 
t Records above 1323 pounds live weight, the mean of the 61 records. 
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803) of the Holstein'bull, Denton Colantha Sir Rag Apple, at Beltsville as 
published (5) in table 11. 



Fig. 2. Relation of milk-energy yield in pounds of 4 per cent milk per pound aver¬ 
age live weight (FCM/W) to average live weight in pounds (W). The crosses indicate 
the means. 

Equations of the straight lines: 

All records., FCM/W = 15.11 - .00304 W 

Records above average W, FCM/W =: 12.96 - .00177 W 
Records below average W, FCM/W = 8.75 + .00244 W 

Average live weight (W) and milk energy (FCM). Figure 2 presents 
the correlation surface for W and FCM/W for 61 records of the 32 daugh¬ 
ters. The coefficient of correlation is - .274, table 2. Inspection of figure 2 
shows an upward trend of FCM/W against W in the left half of the surface. 
In fact, 34 records below average weight (1323 pounds) give a correlation 
of 4 .136; while 27 records above average weight give r--.104, table 2. 
Considered over the entire range of live weight FCM/W appears to bear a 
curvilinear relation to live weight. 

The authors (5, p. 7) feel that some of their highest-producing cows 
could have made still greater records with 4 daily milkings, artificial aids 
to cooling of the hard-working, heat-producing organism during the hot 
days of summer, etc. Since the highest-producing cows tend to be found 
among the largest cows we may infer that the full capacity of the largest 
cows was not realized, and had it been we might find substantially a hori¬ 
zontal trend of FCM/W against W for the whole range of W. Without 
artificial cooling there are times when an 1800-pound cow, as compared with 
a 900-pound cow, is decidedly handicapped by the work of getting rid of 
surplus heat. 

As the record stands the daughters of this bull seem to have inherited a 
very strong proclivity to lactation, manifest not alone in the absolute milk 
energy produced but also in the relation of milk-energy yield to live weight. 
Figure 3 affords a direct graphic demonstration of how well the individual 
observations conform to a simple-multiple relation between live weight and 
milk-energy yield. 
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Fjo. 3. Relation of milk-energy yield in pounds of 4 per cent milk (FCM) to 
average live weight in pounds (W). 

The straight line is drawn from the origin through the means (cross) and has the 
equation, FCM -11.02 \V (mean FCM = 14581, mean W = 1323, and 14581/1323 = 11.02). 

The numerical data on the chart give the observations arranged in order of live 
weight and fitted with the equation, FCM = bW«, by live-weight stages. For the lowest 
two live weights c = -4.30; for the lowest 3, c = -.12; and so on to all 61 observations 
whore c = ^.62. For live weights from 973 to 1116 pounds, inclusive, milk-energy yield 
is inversely proportional to the .34 power of live weight. This may be interpreted to 
mean that there is a tendency for the cows with high rate of yield to have low rate of 
gain in live weight, thus tending to associate high yield with low-average live weight. 
The use of initial live weight, instead of average live weight, might eliminate this diffi¬ 
culty. (The published data do not include initial live weight.) For live weights from 
973 to 1357 pounds, inclusive, milk-energy yield is proportional to the 1.34 power of live 
weight. Beyond this point there are rapid declines in the value of c, due to several 
exceptionally low yields per unit live weight. This may be interpreted to indicate a rela¬ 
tive environmental handicap for the large cows. These interpretations consider that age 
of the cow is of itself a practically negligible factor in her milk-energy yield. 

Age correction vs . FCM/W. The age corrections applied to milk yield 
(5, p. 25) “are a composite of the available adjustment factors.” (The 
number of sets of factors in the composite is not stated but it must be large 
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to include all of those available.) As shown in table 2 the correlation be¬ 
tween age and age-corrected milk is - .07. That is, the correction effectively 
reduces the age trend to a horizontal line. 

The correlation between age and FCM/W is - .01. That is, FCM/W, a 
direct factual measure of yield, is even more independent of age than is age- 
corrected milk. 

The question may be raised, is age correction an indirect way of allowing 
for live weight, or is FCM/W an indirect way of allowing for age? A defi¬ 
nite answer is afforded by the data of Klcinberg previously cited (2), rep¬ 
resenting some 14,000 annual records. When live weight was held within a 
narrow range age had no influence on milk yield. On the other hand when 
age was held within a narrow range, live weight had practically the same 
effect on milk yield as when age was not held constant. It may be concluded 
that age correction is an indirect way of allowing for live weight. 

While age-corrected milk and FCM/W are closely related, r~.813, the 
two things are by no means identical or the same in meaning. The close 
association arises in the condition that both are largely dependent on the 
absolute milk-energv yield, as evidenced by the correlations given in table 2, 
A7 and A8. 

Correlation between records of the same cow. Dealing with the first and 
last records of the same cow, with respect to the same item, table 2, section 
B, the items and correlations, in increasing order of r follow: fat percentage, 
.62; FCM/W, .70; FCM, .73; milk, .77; age-corrected milk, .83. What is the 
meaning of high and low values of r in such a comparison? 

Let us consider fat percentage to illustrate one point of view in answer 
to the question. If the 22 cows are inherently exactly alike fat percentage 
will fluctuate at random, from non-inherent influences, and the correlation 
will tend to be zero; if the cows are inherently or consistently unlike the 
correlation will tend to be one. Conversely, a low value of r indicates like¬ 
ness (presumably genetic homogenity) in the cows, while a high value of r 
indicates unlikeness in the cows, with respect to the character under consid¬ 
eration. As an illustration, the 22 grade Holstein cows, at Cornell, table 1, 
purchased on the market without regard to relationship, show a correlation 
for the first and last records with respect to fat percentage of r ~ .93, in con¬ 
trast to r = .62 for the comparable correlation in the 22 pure-bred Holstein 
cows at Beltsville, table 2, all daughters of the same sire. This example, at 
least, seems consistent with the above interpretation of the meaning of high 
and low values of r in the correlation between the first and last records of 
the same eow with respect to fat percentage. 

Age correction changes the correlation for milk from .77 to .83, that is, 
makes the cows more unlike. Dividing by W changes the correlation for 
FCM from .73 to .70, that is, makes the cows more alike. Unfortunately, 
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there seems no way to know which direction of change better fits the true 
condition of likeness. 

SUMMARY 

Sixty-six records of 22 grade Holstein cows in a feeding experiment at 
Cornell for 3 successive seasons, show that milk-energy yield per unit initial 
live weight decreased with live weight during the first season, and increased 
with live weight during the second and third seasons. It is concluded that* 
milk-energy yield tends to be a multiple of initial live weight (3 days after 
calving) under continued favorable, practical conditions. 

Sixty-one records of 32 daughters of the same Holstein bull in a breed¬ 
ing experiment at Beltsville show that milk-energy yield per unit average 
live weight decreased with live weight; 27 of the 61 records above average 
live weight show a similar tendency; 34 of the 61 records below average live 
weight show an opposite tendency. The 61 records show milk-energy yield 
per unit live weight is independent of age (r~-.01 d~ .09); age-corrected 
milk is independent of age (r=-.07 ± .09). It is concluded that age-cor¬ 
rection is an indirect way of allowing for live weight. 
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THE VIABILITY OP SEEDS AS AFFECTED BY THE SILOING 

PROCESS 


T. E. WOODWARD 

T r . S, Department of Agriculture, Bureau of Dairy Industry 

Seeds of some of the farm crops and of the more common weeds were 
placed in the silo along with corn or alfalfa at the time of tilling. When 
the silage was fed down to the seeds they were removed, dried at room tern- 
perature, and tested for germination by the Division of Seed Investigations, 
Bureau of Plant Industry. Twenty-nine lots (or kinds) of seed were buried 
in silage for the study. Duplicate samples of 22 lots were stored in the office 
and tested for germination to compare their viability with that of the sam¬ 
ples in the silo. Detailed results of this work are shown in the following 
tables. 

TABLE 1 


Viability of seeds buried in alfalfa silage and in grass-and-alfalfa silage, and 
of similar seeds stored in the office 


Name of seed 

Place 

stored 

Duration 
of test 

Germination 

Condition of remaining 
seeds at the close 
of the test 

(Seeds in alfalfa silage with 34 per cent moisture, 14 feet below the surface, 
from .Tune 1, 1934, to January 18, 1935) 

Shepherd’s purse 1 . 

(7hiek weed 2 . 

Silo 

Office 

Silo 

Office 

Days 

43 

43 

24 

24 

Per cent 

0 

27 

0 

97 

Many sound 

Many sound 


(Seeds in grass-and-alfalfa silage with 45 to 50 per cent moisture 
from May 28, 1936, to July 25, 1936) 




Days 

Per cent 


Chick weed . 

Silo 

28 

0 



Office 

63 

88 


Buttercup 3 . 

Silo 

49 

0 



Office 

49 

87 


Dandelion 4 . 

Silo 

21 

0 



Office 

21 

52 


Shepherd *s purse*. 

Silo 

28 

0 


Timothy 3 . 

Silo 

32 

0 



Office 

32 

9(5 


Oats 6 . 

Silo 

8 

0 



Office 

8 

77 



1 Bursa bursa-pastoris. 4 Taraxacum officinale, 

2 Alsinc media . 3 Phleum pratense. 

3 Ranunculus sp. 6 Arena sativa. 


When the 29 lots of seed were removed from the silo and tested, all seeds 
failed to germinate except some of those in the samples of Lespedeza scricea, 
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TABLE 2 


Viability of seeds buried in corn silage, and of similar seeds stored in the office 
(Seeds in corn silage with normal moisture content, 30 feet below surface, from October 

5, 1936, to April 4, 1937) 


Name of seed 

Place 

stored 

Duration 
of tost 

Germination 

Condition of re¬ 
maining seeds at 
the dose of the test 



Days 

Per cent 


Bigseed ladys-thumb or Penn- 





sylvania smartweed 1 . 

Silo 

148 

o 

4 per cent sound 


Office 

148 

37 

41. per cent sound 

Goose grass 8 . 

Silo 

21 

0 



Office 

21 1 

97 


Amaranth 3 . 

Silo 

148 1 

0 



Office 

127 

! 68 

21 per cent sound 

Crabgrass 4 .. 

Silo 

66 1 

1 0 



Office 

56 

85 

Decayed 

Common ragweed 3 . 

Silo 

117 

0 



Office 

148 

74 

None sound 

Pigeon grass or foxtail®. 

Silo 

149 

0 



Office 

148 

93 | 



1 Polygonum Pennsylvania urn. * Digitaria sp. 

2 JSlcusine indica. 5 Ambrosia artemisii folia. 

<• Amaranthus sp. u Setaria sp. 


bindweed, and American dragonhead mint. There was a high percentage 
of hard seeds in the samples of Lespedeza sericea and bindweed and a very 
small percentage in the samples of swectclover seed that survived the ensil¬ 
ing process and the germination test. 

Some seeds germinated in all the 22 lots that were kept in the office, 
except in those of perennial sowthistle and Canada thistle, and even these 
two lots were known to be viable shortly before they were placed in the silo. 
Although no definite statement can be made regarding the viability of the 
7 lots for which no duplicates were kept in the office, it should be noted in 
table 1 that one sample of shepherd’s purse seed kept in the office germinated 
to the extent of 27 per cent, which indicates that the other sample of shep¬ 
herd’s purse might likewise have contained some viable seed. Also, in the 
1938 trial no chickweed was kept in the office (table 3), but in previous trials 
two samples kept in the office had a high percentage of germination (table 
1). Our general knowledge of three others —Lespedeza sericea, Johnson 
grass, and sweetclover—would lead us to believe that these would show some 
viability after being kept in the office. Some of the two remaining lots of 
seeds—Indian mustard and American dragonhead mint—were successfully 
used to raise plants in a greenhouse shortly before seeds were placed in the 
silo. It appears reasonable to assume, therefore, that they would have shown 
some viability if they had been tested after storage in an office. 

Silages of corn, and grass and alfalfa all destroyed the viability of the 
seeds and while there is no way of estimating the relative effectiveness of the 
different silages in this respect, there is a slight indication that the low- 












Seeds * in alfalfa silage with different moisture contents and preserved with and without molasses compared with seeds kept in the office. 

Seeds placed in the silo June 1938 
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1 Most of these seeds were furnished by Mr. L. W. Kephart, 5 Sonehus arvensis. 

Bureau of Plant Industry. * Chrysanthemum leucanthemum pinnatifidum. 

2 Agropyroti repens. * Alsine media . 

s Agrostemma githago. * Sorghum halepcnse. 

* Brassica juncea. 
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Kept in office 

Condition of 
remaining seeds 
at close of test 

Decayed 

Deeaved 

tf 

53% hard seed; 
rest decayed 

Decayed 

4 t 

tl 

l l 

Germi¬ 

nation 

Per cent 

22 

87 

0 

51 & 30 

22 

0 

55 

59 

33 

Duration 
of test 

Days 

30 

21 

No test made 
21 

30 

No test made 
No test made 
No test made 

21 

No test made 

No test made 
21 

30 

30 

30 

65 per cent moisture 

3.44 per cent molasses 

21 feet below surface 
removed March 1939 

Condition of 
remaining seeds 
at close of test 

"g ns irs’ri 

I S.I 8.8 8, 

cfi ” of » rt 

'HS’SlUs; 

•?.^ "S ^ ^ ^- - 

| 3 

P SO \a *H P 

Germi¬ 

nation 

Per cent 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

69 per cent moisture 
no molasses 

17 feet below surface 
removed February 1939 

Condition of 
remaining seeds 
at elose of test 

Deeaved 

i i 

< i 

11 

it 

11 

< t 

62% hard seed; 

rest decayed 
49% hard seed; 

rest decayed 

1% hard seed; 

rest decayed 
Decayed 

ii 

it 

it 

11 

Germi¬ 

nation 

Per cent 

0 

0 

0 

0 

0 

0 

0 

1 

6 

0 

0 

0 

0 

0 

Dura¬ 
tion of 
test 

6* 

00 t- or ^ 

« IMH Pi H N N N CM W H H H tH 

P 

Name of seed 

Quaekgrass 2 .... ... 

Corn cockle 1 ’ . 

India mustard 4 .. 

Perennial sowthistle 5 .. 

Oxeye daisy 6 . 

Chickweed 7 .. 

Johnson grass* . 

Lespedeza sericea 9 . 

Bindweed 10 . . 

Sweet clover 31 . 

American dragonhead mint 13 

Canada thistle 1 * .... 

Horse nettle 14 . 

Leafy spurge 1 ®.. 

Perennial pepper grass or 
white-top 1 * . 


9 Lespedeza sericea. is Cirsium arvense. 

Convolvulus arrensis. i* Solanvm carolinense. 

n Melilolus officinalis. Euphorbia Esit la. 

12 Dracocephaltim parviflorum. Lepidium draba. 
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moisture silages may not be quite so effective in destroying the viability as 
high-moisture silages. 

One should not overlook the fact that at the conclusion of the germina¬ 
tion test some of the seeds were rated as “sound” or “hard.” Such seeds 
may or may not have germinated subsequently, if they had been subjected 
to conditions different from those under which these tests were made. 

It is well known that when a weedy crop is made into hay, many weed 
seeds are preserved in a viable condition, also that the application on the 
land of stable or barnyard manure, at least that which has not been com¬ 
posted or allowed to rot, usually increases the prevalence and growth of 
weeds. It appears, therefore, that the conversion of weedy crops into silage 
instead of into hay will help materially in the control of weeds. 




American Dairy Science Association Announcements 


Thirty-Fifth Annual Mooting, Purdue University, West Lafayette, In¬ 
diana, June 24-28,1940. Information concerning rooms and housing -will be 
given in the April issue of this Journal. 

CALL FOB TITLES AND ABSTRACTS 

All abstracts to be presented at our annual meeting in June must be in 
our hands by April 15. Please send titles and abstracts to Dr. B. E. Horrall, 
Department of Dairy Husbandry, Purdue University, West Lafayette, 
Indiana. 
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ACID VALUES AND ACID RATIOS AS RELATED TO THE 
KEEPING QUALITY OF SALTED BUTTER 1 

H. A. REND1XEN 

Washington Agricultural Experiment Station, Pullman, Washington 

Since acidity affects the activity of micro-organisms and enzymes as well 
as the speed of purely chemical reactions, it would seem that the amount of 
acid present or developing in butter when held for one week at 21° C. 
might give an indication of the keeping quality of the butter. It was real¬ 
ized that the influences of acidity may exert themselves in different direc¬ 
tions, but in order to study the realtionsliips which might most commonly 
exist between acidity and the keeping quality of salted butter, especially 
sweet cream butter, when held for one month at 0 -5° C., a number of samples 
of commercial butter obtained from various Washington creameries were 
examined for the acid values of both the butter and the butterfat and for 
the ratio of butterfat acidity to butter acidity. The latter will be referred 
to as the acid ratio. 

REVIEW OF LITERATURE 

That various undesirable bacteria are retarded in their growth by the 
presence of considerable amounts of acid in butter has been shown by 
many investigations. Thus, Collins and Hammer (5) when growing lipolytic 
bacteria on Nile-blue sulphate agar of pH values of 5.3, 6.7, and 7.8 noted 
that with many of the organisms the most alkaline reaction seemed to favor 
the hydrolysis of simple triglycerides and natural fats. Grimes (13) con¬ 
cluded that the acidity of ripened butter inhibited the growth of proteolytic 
bacteria. Sadler and Vollum (26) showed that much more deterioration 
occurred in butter made from overneutralized cream than in butter from 
cream of 0.25 per cent acidity or over when inoculated with the bacteria 
obtained from deteriorated butter. Guthrie, Scheib. and Stark (15) found 
no significant numbers of proteolytic and lipolytic bacteria in sour cream 
butter. On the other hand yeast and mold growth is known to be favored by 
acidity. 

Most enzymes seem to be less active in the presence of acid. Thus, Davies 
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(6) states that the acidity of ripened cream prevents lipase action even in 
raw cream. Dorner and Widmer (7) found that the enzyme lipase was in¬ 
hibited by an acid reaction and according to Babcock, Russell, and Vivian 
(2) galactase also is retarded by acidity. Davies (6) and Rogers (23) re¬ 
ported the enzyme galactase to be most active in the pH range of 6.4~7.2 at 
temperatures of 37-42° C. The most active proteolytic enzymes were found 
by Spitzer, Parfitt, and Epple (28) to be produced by Bacillus ichthyosmius 
and Achromobacter putrefaciens and these enzymes seemed to be most active 
at a pH of 7.0 and greatly reduced in activity at pH 4.0 and 3.0. According 
to Davies (6) catalase is also slightly inhibited by acid conditions while per¬ 
oxidase is active over a wide range of pH. However, he states that the in¬ 
activation of catalase by heat seems to be retarded by acidity and Zilva (29) 
found this to be true also in the case of peroxidase. Guthrie, Scheib, and 
Stark (15) concluded that the action of all enzymes was inhibited by a pH 
of 4.4 t 4.64 in unsalted butter. 

In the light of the above-mentioned investigations, it remains very doubt¬ 
ful, however, whether the normally low acidity of sweet cream butter exerts 
any significant retarding effect on the action of undesirable bacteria or en¬ 
zymes. On the other hand, an acidity which is comparatively high for sweet 
cream butter may be a general indication of high bacterial contamination. 

,, Rogers and Gray (24) decided that the deleterious effect of lactic acid in 
producing fishy butter was not due to any organism, enzyme or other sub¬ 
stance which would be destroyed by pasteurization at 77-82° 0. by the flash 
method or at 70° C. for 10 minutes, but that acidity itself was responsible. 
Dyer (8) showed that the development of undesirable flavors in butter held 
in cold storage at -17.8° C. was due to the oxidation of non-fatty substances 
in the butter and that the extent of this chemical change was directly propor¬ 
tional to the quantity of acid present in the cream from which the butter was 
made. Green bank and Holm (12) concluded that increases in the acidity of 
fat increase its susceptibility to oxidation. That the production of tri- 
methyl amine, the cause of fishy flavors in butter, is accelerated by the pres¬ 
ence of acid was shown by Sommer and Smit (27). 

According to Loftus-Hills, Scharp, and Bellair (18) high acidity and 
a low pH correlated rather closely with low keeping quality in sweet cream 
butter. Similar results were obtained by Arup and Gilmour (1), Gilmour 
(10), and Gilmour and Arup (11). The latter investigators concluded that 
a consideration of pH values was more valuable in selecting butter for cold 
storage than a knowledge of the acid values, and that butter with a pH of 
over 6.7 kept better than butter of a lower pH. 

Bouska (4) stated that butter tends to be low in keeping quality at a pH 
of less than 6.0, keeps better at a pH of 6.0-6.8, develops surface flavors 
readily at pH 7.0, and tallowy flavors at a higher pH. 

The results of Patrick, Leighton, and Bisbee (21), Patrick, Leighton, 
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and Ileileman (22), "Rogers, Thompson, and Iveithley (25), Mortensen (19), 
and Grimes (13) (14) all indicated that the butter of lowest acidity, whether 
made from raw or pasteurized eream, had the best keeping quality at various 
storage temperatures up to 10° C. Larson, Lund, and Miller (17) noticed 
that the percentage of acid found in the fat increases with the age and ran¬ 
cidity of the butter. Frielinghaus (9) examined many samples of butter 
for their acid ratio which is the ratio of the acid value of the butterfat to the 
acid value of the butter. He found that the acid ratio of butter made from 
cream inoculated with yeasts gradually increased during storage of the 
butter for 20 days at 4° 0. At the same time the flavor became increasingly 
stronger. Tie obtained similar results when inoculating the cream with 
cladosporium and concluded that in the development of rancid flavors the 
acid ratio will increase, while in the development of high acid flavors it will 
decrease. When tallowy flavors developed, both the acid values of the butter 
and of the butterfat were raised, leaving the acid ratio little changed. 

METHODS USED 

Acid values were determined on 28 samples of sweet cream butter, 51 
samples of neutralized cream butter without butter culture, and 8 samples 
of neutralized cream butter with baiter culture, and also on the butterfat 
separated from these samples. The determinations were made when the 
samples were fresh, after a week at 21 ° 0 , and after a month at 0- 5° C. 

Acid values of butter 

The butter was prepared for titrating by macerating 70-80 grams in a 
clean, dry cup by means of a spatula until it appeared glossy and salvy. 

A 30-gram sample was weighed into a tared porcelain casserole or Erlen- 
mever flask on a torsion butter moisture balance. Then 50 ml. of ethyl 
alcohol, neutral to phenolphthalein, and a few drops of phenolphthalein 
were added and the mixture brought to a boil on an electric hot plate. The 
boiling hot mixture was titrated with N/50 NaOTT while being stirred con¬ 
stantly. The number of milliliters of N, 50 NaOH used to produce a pink 
color stable for at least one minute was taken as the aeid value. This is 
essentially the method recommended by Bird and Breazeale (3). 

Acul valves of butterfat 

The butterfat was obtained by Ailing a 50 ml. centrifuge tube with but¬ 
ter, melting it in a water bath at 40-45° C. and centrifuging the tube of 
melted butter. A sample of 10 grams of the unfiltered oil was titrated 
immediately by the procedure described above for butter in order to de¬ 
termine its acid value. 

Acid ratios 

The acid ratios were determined by dividing the acid values of the 
butterfat by those of the butter and multiplying by 100. 
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pH values of butter scrum 

The pH of the serum was determined at 25° C. by means of a Leeds and 
Northrup quinhydrone pH indicator (catalog No. 7654), using a rectangular 
plate gold electrode together with a saturated calomel half-cell and a satu¬ 
rated KC1 agar bridge. The butter serum was obtained by centrifuging 
the butter melted at 40-45° C. and removing the butterfat. 

Table 1 gives the average, maximum and minimum acid values converted 
into percentages of acid, calculated as lactic acid. The maximum acidity 


TABLE 1 

Maximum, minimum and average acidities found in butter and butterfat and calculated 
from the acid values as percentages of lactic acid 



Per cent acidity calculated as lactic acid in 

II ion con¬ 
centration 
(as pH) 

Butter 

Butterfat 

Serum 

When 

fresh 

After 1 
week at 
2i° a i 

After 1 
month at 
0-5° a 

When 

fresh 

After 1 
week at 
21° C. 

After 1 
month at 
0-5° C. 

When 

fresh 


I. Sweet cream butter (28 samples) 


Maximum . 

0.170 

0.203 

0.169 

0.115 

0.152 

0.131 

5.8 

Maximum* ... 

0.130 

0.145 

0.131 

0.113 


0.112 

6.0 

Minimum . 


0.072 

0.079 

| 0.038 

0.045 

0.051 1 

6.8 

Average* . 

0.095 

0.109 

0.103 

| 0.067 



6.42 


II. Neutralized cream butter without butter culture (51 samples) 


Maximum. 

0.178 

0.207 

0.176 

0.129 

0.203 

0.152 

6.0 

Minimum . 

0.072 

0.079 

0.083 

0.038 

0.050 

0.063 

7.6 

Average . 

0.122 

0.140 

0.132 

0.084 

0.102 

0.099 

6.50 


III. Neutralized cream butter with butter culture (8 samples) 


Maximum. 

0.160 

0.198 

0.167 

0.162 

. 0.182 

0.157 

5.6 

Minimum . ... 

0.110 

0.119 

0.144 

0.070 

0.065 

0.098 

7.0 

Average . 

0.138 | 

0.158 ] 

1 0.155 | 

0.096 j 

[ 0.116 

0.125 | 

6.33 


* Considering only the 26 samples with pH values of 6.0 or over. 


found in fresh sweet cream butter was 0.130 per cent, and in the butterfat 
of such butter 0.113 per cent. The maximum acidity found in these samples 
after storage, either for 1 week at 21° C. or for 1 month at 0-5° 0. was 
0.145 per cent in the butter and 0.115 per cent in the butterfat. The mini¬ 
mum acidity encountered was 0.070 per cent in this type of butter and 
0.038 per cent in the butterfat. 

Sweet cream butter had a lower minimum acidity and also a lower 
average acidity than the neutralized cream butter, even though the maxi¬ 
mum pH found for sweet cream butter was 6.8 and for neutralized cream 
butter 7.6. Such observations harmonize with the results of Hunziker and 
Cordes (16) who found that sweet cream produced butter of a decidedly 
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lower pH than the same cream when soured, neutralized and then churned 
at the same acidity as the sweet cream. 

Nissen (20) reported the titratable acidity of butter in an aqueous mix¬ 
ture to range from 0.02 to 0.04 per cent, if made from cream of about 0.15 
per cent acidity, and from 0.03 to 0.05 per cent if made from cream testing 
0.25 per cent in acidity. The values in an alcoholic mixture are always 
considerably higher than those in an aqueous mixture, jmobably because of 
the release of fatty acids from the fat by the alcohol. The pH at the end 
point of the butter titration in alcohol as conducted in this study usually 
was 7.8-7.95 compared with 7.35-7.73 as reported by Nissen in his titrations 
in water. 

Acid values and keeping quality 

An examination of the data obtained in this study revealed no close re¬ 
lationship between the individual acid values of the fresh butter, the fresh 
butterfat, or either of these after storage for 1 month at 0-5° C. or for 1 

TABLE 2 


The increase in the acid value of butterfat during 1 week at 21° C. as related to the 
keeping quality of salted butter when held for 1 month at C. 


Number of 
samples 

Increase in acid value 
of butterfat during 

1 week at 21° O. 

i 

Average loss in score 
during 1 month 
at 0-5° C. 

Average score after 

1 month at 0-5° C. 


I. Sweet 

cream butter 


0.. 

Below-0 | 

0.58 S 

| 30.42 

8. 

0 —0.45 ; 

1.06 

36.00 

6. 

0.5-0.05 

1.67 ! 

35.67 

5 . 

1.0-1.45 | 

1.70 ! 

35.70 

1. 

1.5-1.05 

2.00 

35.50 

2 . ! 

2.0-2.45 | 

1.75 

34,75 

28 . j 

Average 0.54 j 

1.20 

35.86 


II. Neutralized cream butter without butter culture 


5. 

Below-0 

0.40 

35.20 

12 . 

0 -0.45 

0.33 

35.17 

11. 

0.5-0.05 

0.32 

35.00 

9 . 

1.0-1.45 

0.89 

34.67 

8. 

1.5-1.95 

0.89 

34.88 

4 . 

2.0-2.45 

0.25 

35.13 

2 . 

2.5 and over 

1.00 

34.50 

51. 

Average 1.01 

0.51 

34.97 

III. Neutralized cream butter with butter culture 

2. 

Below-0 

o 

u 

33.50 

1. 

0 —0.4o 

0.50 

36.00 

2. 

0.5-0.95 

0 

34.75 

1. 

3.0-1.45 

1.00 

35.00 

1. 

1.5-1,95 

0.50 

35.00 

0. 

2.0-2.45 



1. 

2.5 and over 

LOO 

33.50 

8 . 

Average 1.06 

0.38 

34.25 
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week at 21° C. on the one hand and loss of score during storage or the score 
itself after storage on the other hand. A definite trend towards reduced 
keeping quality was noticed with high increases in the acid values of the 
butter, and especially the butterfat after storage for a week at 21° C. 
Table 2 brings out this relationship for the three types of butter. The 
trend was most pronounced with sweet cream butter, but perceptible also 
for neutralized cream butter without butter culture. The number of sam¬ 
ples of neutralized cream butter with butter culture is too small to warrant 
conclusions. 

Since the deterioration of the butter during storage, especially in the 
case of sweet cream butter, very often seemed to be in the nature of fat 
deterioration as judged from the criticisms of the judges, and since Frieling- 
haus (9) noted that the development of rancidity is accompanied by a 
significant increase in the ratio of butterfat acidity to butter acidity, the 
relationship of this ratio to the keeping quality of the samples was studied. 

Table 8 indicates that the average acid ratios for each type of butter, 


TABLE 3 

The acid ratio of salted butter as related to the loss in flavor score of such butter when 
held for 1 month at O~o° C. 


Number 

of 


The average acid ratio in the butter 


i iOss in score 

When 

fresh 

After 1 

Increase 

After I 

Increase 

samples 

during 1 month 

week at 

during 

month at 

during 

at 0-5° C. 

21° C. 

week 

0-5 ' C. j 

month 


I. Sweet cream butter 


9 

2.0- 2.5 

02.4 

72.1 

9.7 

81.0 | 

18.0 

12 

1.0- 1.5 


07.7 

- 3.1 

74.9 ! 

4.1 

6 

0 - 0,5 

71.8 

00.7 

- 5.1 

74.0 

2.2 

1 

- 1.0-0.5* 

73.8 

63.6 

-10.2 

60.0 ! 

-13.2 

28 

Average 1.29 

68.4 

68.8 

0.4 

76.3 ! 

7.9 


II. Neutralized cream butter without butter culture 


2 

2.0- 2.5 1 

78.9 

81.2 

2.4 

85.3 | 

6.4 

13 

1.0- 1.5 

71.3 

76.8 

5.5 

83.8 ! 

11.9 

29 

0 - 0.5 

66.8 

69.0 

2.2 

72.1 

3.4 

7 

-1.0- -0.5 

64.8 

71.0 

(?!i 

74.5 , 

9.9 

51 . 

Average 0.51 

68.2 

71.7 

3.5 

75.7 

7.5 


III. Neutralized cream butter with butter culture 


2 

1.0- 1.5 

83.7 

93.9 

10.3 

93.6 

10.0 

4 

0 - 0.5 

67.3 

68.6 

1.3 

73.9 

10.3 

2 

-1.0- - 0.5 

| 

60.6 

55.4 

- 5.3 

67.3 

10.0 

8 

Average 0.38 

69.7 

71.6 

1.9 

80.4 

| 10.7 


when fresh, after 1 week at 21° C., and after 1 month at 0-5° C. were 
generally larger as the losses in flavor score increased. The only exception 
was in the fresh sweet cream butter where higher average acid ratios were 
found associated with the best keeping butter. However, after a week and 
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after a month, this relationship was reversed so that a large increase in the 
average acid ratio w r as associated with large score losses while decreases in 
the average acid ratio were associated with small score losses. For instance, 
in the samples which lost 2.0 to 2.5 points in flavor score during storage, 
the butterfat acidity was on the average 62.4 per cent of the butter acidity 
in the fresh butter, and this percentage increased to 72.1 after 1 week at 
21° C. and to 81.0 after 1 month at 0-5° C.. In the samples which lost little 
or even gained in score during storage, the average acid ratio decreased or 
increased only very slightly during storage. The smaller the loss in score 
was during storage the greater was the average decrease in acid ratio. Thus 
the keeping quality of sweet cream butter was increased when the acidity of 
the fat increased at a slower rate than the acidity of the butter. This re¬ 
lationship was not quite as apparent in the samples of neutralized cream 
butter but held true for the few samples of neutralized butter made with 
butter culture. 


TABLE 4 


The change in the acid ratio of sailed butter during storage at C. and 0~5’ J C. as 
related to the keeping quality of such butter when held for 1 month at 0~0 U C. 


Number of 
samples 

Increase in acid ratio during 

1 week at 21° C. " j 

Loss in .score 
during 1 month 
at 0-5° C. 

Score after 1 
month at 0-5° C. 


Kauge j 

Average | 

Average 

Average 

J. Sweet cream butter 

10 . 

| - 5.0 and less | 

-11.80 

1 0.90 

30.25 

5. 

- 4.9 to-0.1 { 

- 2.30 

i 0.90 

35.80 

4. 

| 0 to 4.9 1 

2.10 

J .63 

35.63 

9 . 

5.0 and over j 

14.54 

j 1.78 | 

35.56 

15 .1 

-24.2 to- 1.2 I 

- 8.65 j 

I 0.90 | 

| 36.10 

13 .1 

0.2 to 39.1 1 

10.72 

1.73 

| 35.58 


II. Neutralized cream 

butter without butter culture 


16. 

-39.6fo-1.7 1 

-10.81 

0.59 

35.19 

35 . 

0.1 to 34.7 | 

10.18 

0.47 

34.50 


III. Neutralized cream butter with butter culture 


5. 

3. 

- 9.4 to -1.1 

4.8 t o 29.8 

- 6.80 

16.37 

0.20 

0.67 

34.50 

34.50 


Increase in acid ratio during 

1 month at 0-5° C. 


* 

range 

average 

I. Sweet cream butter 

10. 

-20.3 to-0.7 

- 8.33 

0.95 

■ 

16. 

1.1 to 42.7 

19.34 

1.56 

■LJJM 

II. Neutralized cream butter without butter culture 

15. 

-43.8 to 1 

- 7.70 | 

0.20 

35.27 

29 . 

1.2 to W® 1 

13.62 j 

0.64 

34.91 
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To show still more distinctly the effect of the change of the acid ratio 
on the keeping quality of salted butter table 4 is presented. It indicates 
that when the acid ratio in sweet cream butter decreased during 1 week at 
21° C., the average loss in flavor score during storage at 0-5° C. for 1 month 
was only about half as great as when the ratio increased. Furthermore, the 
average score itself after storage was distinctly higher when the acid ratio 
decreased than when it increase^. In the case of neutralized cream butter, 
the average loss in score under these conditions was nearly the same, al¬ 
though the actual score after storage averaged somewhat higher. 

In the case of butter made from neutralized cream using butter culture, 
the average loss in score was smaller but the average final score was the 
same, when the acid ratio decreased, as compared with an acid ratio increase. 

Considering the effect of the change in acid ratio on the keeping quality 
of individual samples, it was found that of the 9 samples of sweet cream 
butter which lost 2.0-2.5 points in score during storage 8 showed an in¬ 
crease in the acid ratios during 1 week at 21° C. and of 13 samples which 
lost 1 point or less in storage 10 samples showed a decrease in the acid ratio 
during the week at 21° C. Thus a knowledge of the change in the acid 
ratio seems to offer a valuable aid in foretelling keeping quality, at least 
for sweet cream butter. Although the acid ratio itself after 1 week at 
21° C. is of some value for this purpose, it is not as significant as the change 
in ratio. 

The average acid ratio for each type of butter studied was higher after 
storage than when fresh and higher after 1 month at 0-5° C. than after 1 
week at 21° C. The figures are shown in table 3. Table 4 also brings out 
the relationship of the change in the acid ratio during a month at (>-5° C. to 
the keeping quality of the butter. Here an increase in the acid ratio is 
shown to be associated with a marked decrease in keeping quality of both 
sweet cream and neutralized cream butter. 

A study of individual samples revealed that in 22 of the 26 sweet cream 
butter samples, 37 of the 44 neutralized samples and in 4 of the 5 cultured 
samples for which complete data were available, the acid ratio changed in the 
same direction during the week at 21° C. as during the month at 0-5° C. 

DISCUSSION 

It s€fems that no correlations exist between acid values and keeping 
quality which are definite enough to enable the prediction of keeping quality 
for every individual sample of butter. At the same time, certain trends 
were noticed which deserve attention when attempting to predict the keep¬ 
ing quality of salted butter, especially sweet cream butter. Furthermore, 
since the nature of butter deterioration may vary greatly, and since the 
accuracy of butter scoring standards is far from what is desirable, such 
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general trends, as were observed in this stud}% may have considerable 
significance. 

On the basis of the observations made here on the acid values of butter 
and butterfat, it seems that the most valuable aid in the prediction of the 
keeping quality of sweet cream butter is the change, during 1 week at 21° C., 
in the percentage of the butter acidity which is closely associated with the 
butterfat. When this acid ratio increased during 1 week at 21° C. the loss 
in score during storage for 1 month at 0-5° C. was considerably greater, as 
a general rule, than when the ratio decreased. Acidity develops inde¬ 
pendently in butter and in butterfat during storage and it is the acidity 
increase of the fat in relation to the acidity increase of the butter taking 
place during storage, which appears to be a significant indicator of the 
keeping quality of butter when stored for 1 month at 0-5° C. 

The acid ratio itself after 1 week at 21° C. also averaged higher in the 
butter of the poorer keeping qualities. J^drthermore there was a definite 
trend toward reduced keeping quality in salted butter with increases in the 
butter acidity, and especially the butterfat acidity during 1 week at 21° C. 
However, the acid values themselves, either in the butter or in the butterfat, 
when fresh and after 1 week at 23° C. apparently are of less significance as 
an index of keeping quality. 

SUMMARY 

The acid content, calculated as lactic acid, and as determined in this 
investigation for 26 samples of sweet cream butter with pH values above 
6.0 was 0.07-0.13 per cent when fresh, 0.072-0.145 per cent after 1 week at 
21° C., and 0.079-0.131 per cent after 1 month at 0-5° C. It averaged 0.096 
per cent when fresh, 0.109 per cent after 1 week at 21° C. and 0.103 per cent 
after 1 month at 0-5° C. For 51 samples of neutralized cream butter these 
averages were 0.122, 0.140 and 0.132 per cent, respectively. 

High acid values of butter and butterfat before and after storage showed 
a slight tendency toward reduced keeping quality. High increases in the 
acid values after storage at 21° C. and 0-5° C. did show a fairly close cor¬ 
relation with reduced keeping quality of sweet cream and neutralized cream 
butter but especially of sweet cream butter. 

An increase in the acid ratio (fat acidity: butter acidity) during 1 week 
at 21° C. and during 1 month at 0-5° C. seemed to be closely related to 
poor keeping quality, especially in the case of sweet cream butter. The 
average acid ratios were higher after 1 month at 0-5° C. than after 1 week 
at 21° C. 
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THE DENSITY AT 140° F. OF THE MATERIALS EXPRESSED AS 
FAT BY VARIOUS VOLUMETRIC TESTS OF CREAM* 

P. G. MILLER, 8. T. COULTER and W. B. COMBS 
Dairy Division, University of Minnesota, University Farm, St. Paul, Minn. 

The density of Ihe material comprising the fat columns in the various 
volumetric tests has received very little attention. This is undoubtedly due 
to the fact that the procedures of the tests have usually been adjusted so that 
the results will agree with the official method. There has been some investi¬ 
gation as to the absolute accuracy of some of the rapid methods of testing 
dairy products for fat. The Babcock test bottles are calibrated for fat of a 
definite density at a definite temperature. Several modifications of the 
Babcock procedure have been proposed. It seems obvious that a modification 
using alcohol would give a fat column of a density different from that of a 
test using acid. Babcock (1) in devising his test bottle assumed the specific 
gravity of the fat to be 0.9000 at 120° F. He did not believe that a variation 
in temperature of reading from 110 to 150° F. would materially affect, the 
results for milk although he recommended using the higher temperature. 
The difference for the 40 degree range was given as being Jess than 0.1 per 
cent for a 5 per cent milk test. In 1891 Farrington (2) obtained the greatest 
accuracy compared to gravimetric methods if the fat column in tin* Babcock 
milk test was read at 140° F. 

The directions for testing cream were likewise lax in spite of the greater 
differences that were bound to occur. Webster (3) in 1904 reported the 
density of fat to be 0.9004 at 100° F., but by weighing a definite amount of 
fat into a test bottle he was able to account for all of it only by reading at 
120° F. A little later Hunziker, Spitzer, Mills and Crane (4) insisted that 
the correct reading temperature was 135° F. for that was the temperature at 
which the fat had a specific gravity of 0.9000. Then Ross and Melnemey (5) 
recommended a reading temperature between 140° ami 150° F., obtaining 
better checks with ether extraction at 150° F., but for milk they reported 
that there was no difference by reading at either 100° or 146° F. Bailey (6) 
disagreed with all previous investigators when he reported that all density 
measurements at Iowa State College showed the density of butterfat to be 
about 0.8974 at 120° F. lie states that the density varies by 0.00038 per 
degree F. This gives a density of 0.9000 at about 113° F. Hepburn (7) 
used a temperature of 125 to 130° F. for his modified Babcock test for butter. 
Dahlberg (8) found the specific gravity to be 0.8943 at 132° F., however he 
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read at a temperature of 132° F. and reported that the Babcock bottle was 
calibrated for 0.9000 at 135° F. Tracy and Overman (9) recommended read¬ 
ing the test at the now commonly accepted temperature of 135-140° F. Some 
other investigators gave the following specific gravity values for buttcrfat: 
Storch (10) 0.9335 at 15° C. (59° F.), Kahn (11) 0.89857-0.89729 at 50° C. 
(122° F.), and Koestler (12) 0.9355-0.9448 at 15° C. (59° F.). 

The data reported by various investigators on the density of butterfat 
may be summarized as follows: 


Investigator 

Density of fat 
reported 

Bead Babcock 
test at 

Babcock (1) 

0.9000 at 120° F. 

110 to 150° F. 

Farrington (2) 


140° F. 

Webster (3) 

0.9004 at 100° F.- 

120° F. 

Hunziker and coworkers (4) 

0.9000 at 135° F. 

135° F. 

Boss and Mclnemey (5) 


140 to 150° F. 

Bailey (6) 

0.8974 at 120° F. 

0.9000 at 113° F. 

130° F. 

Hepburn (7) 


125 to 130° F. 

Dahlberg (8) 

0.8943 at 132° F. 

132° F. 

Tracy and Overman (9) 


135 to 140° F. 

Storch (10) 

0.9335 at 15° O. (59° F.) 


Bahn (11) 

0.89857 to 0.89729 

at 50° C. (122° F.) 


Koestler (12) 

0.9355 to 0.9448 at 

15° C. (59° F.) 



Variations in the composition of butterfat due to feed and other factors may 
partially explain such conflicting results. 


EXPERIMENTAL 

Cream with a fat content of about 35 per cent obtained from mixed herd 
milk during the late fall and winter was tested by the Mojonnier method, by 
the Babcock method and by the following modifications of the Babcock 
method: the Minnesota 202, the Minnesota Nafis, the N-butyl alcohol, and the 
amyl alcohol. The' Minnesota 202 refers to the original Minnesota Babcock 
Test reagent and the Minnesota Nafis to the reagent as sold by the Nafis Com¬ 
pany. In the N-butyl alcohol test 1 ml. of N-butyl alcohol was used in ad¬ 
dition to sulfuric acid to 9 gr. of cream. In the amyl alcohol test 2 ml. of 
amyl alcohol and about 17 ml. of sulfuric acid was used to 9 gr. of cream to 
give about the same proportion as in the Gerber test. 

Picnometers having a volume of about 1 ml. were calibrated with mercury 
and used in determining the density of the material read as fat in the various 
tests. As check samples a small portion of the cream was churned and the 
resulting butter melted and filtered to obtain practically pure butterfat. The 
results of these determinations are summarized in tables 1 and 2. A marked 
variation was found to exist/ in the density of the fatty materials from 
the various tests when measured at 140° F. At this temperature the pure 
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butterfat had an average density of 0.89169; the Babcock fat column, 0.89512; 
the Minnesota NafLs fat column, 0.89085; and the Minnesota 202 fat column, 
0.88398. Calculating the per cent overreading, which theoretically would 
occur due to the density not being exactly 0.9000 at 140° F., gave an error of 
0.932 per cent that would be encountered even if the fat columns were pure 
fat. Similarly the calculated error due to the specific gravity of the material 
read as fat at 140° F. amounted to 0.545 per cent for the Babcock, 0.825 pei; 
cent for the N-butyl alcohol, 0.966 per cent for the amyl alcohol, 1.027 per 
cent for the Minnesota Nafis, and 1.812 per cent for the Minnesota 202 test. 


TABLE 1 

The density at 60° C. (140° F .) of the materials read as fat with the various 

tests of cream 


Determi¬ 

nation 

date 

Filtered 

butterfat 

Mojonnier 

Babcock 

Nafis 

202 

N-butyl 

Amyl 

10/7/35 j 
10/21/35 ! 

.89261 

.89410 

.89252 

.89359 

.89036 

.89065 

.88406 

.88299 

.89056 

.89065 

.89136 

; 

! .89400 

.89410 

.89644 

.89185 

.88456 

.89288 

.89232 

1/18/36 

| .89199 

.89341 

.89403 

.88994 

.88433 

.89368 

.89029 


.88998 

.89322 

.89643 

.89148 

.88400 

.89344 | 

.89241 

Mean 

.89169 

.89347 

.89512 

.89085 

.88398 

.89264 

.89139 


Bailey (6) reported that the density of butterfat varied by 0.00038 per degree 
Fahrenheit, Using this value it was calculated that the fatty materials 
studied would have an approximate density of 0.9000 at 118° F. for pure 
butterfat, at 127° F. for the Babcock test fat column, 116° F. for the Minne¬ 
sota Nafis test, 72° F. for the Minnesota 202 test, 117° F. for the amyl alcohol 
test and 121° F. for the N-butyl alcohol test. The effect of impurities in the 
fat columns of the various tests would probably change the above calculated 
values. 

The higher density of the Babcock test fat columns over pure butterfat 
was probably due to the inclusion of water, while in the ease of the 202 test 

TABLE 2 

The calculated error due to reading the various fat columns at 140 0 F., and the calculated 
temperature at which the fat columns would have a density of 0.9000 

Temperature at which* 

Testing method Error at 140° F. density would be approx. 

0.9000 



per cent 

°F. 

Pure butterfat .« 

+ 0.932 

118 

Babcock . 

+ 0.545 

127 

Nafis. 

+ 1.027 

116 

202 . 

+ 1.812 

72 

N-butyl. 

+ 0.825 

121 

Amyl . 

+ 0.966 

117 


► Assuming the density of fat varies by 0.00038 per degree F. (6), 
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the lower density was probably due to alcohol. The presence of these impuri¬ 
ties in the fat column introduces a fundamental error. 

The results here reported indicate that interesting results may be obtained 
by conducting further work to determine the proper temperature at which 
to read the various tests. 

SUMMARY 

1. The density of the materials read as fat witli the various volumetric 
tests was less than 0.9000 at 140° F. 

2. The error in the volumetric tests due to variation in the density at 
140° F. of the materials read as fat was the least with the Babcock test (about 
0.55 per cent) followed in order by the N-butyl alcohol, the amyl alcohol, the 
Minnesota Nafis and the Minnesota 202 test (over 1.8 per cent). 
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REDUCTION OF CURD TENSION OF MILK BY THE 
ADDITION OF SODIUM SALTS 

T. H. TRACY and W. J. CORBETT 
Department of Dairy Husbandry, University of Illinois, Vrbana, Illinois 

For a good many years some formulae used in infant feeding have 
specified the addition to the milk of salts, such as sodium citrate. Bosworth 
and VanSlyke (1) in 1914 in commenting on the earlier work of Talbot done 
in 1905 in which he showed normal milk to form large curd particles in the 
human stomach, stated, “These lumps of curd may pass practically un¬ 
changed through the entire intestinal canal, causing mechanical irritation, 
which often results in serious interference with the process of normal 
digestion. Empirical practice has shown that this abnormal curdling of 
milk may, to some extent, be modified or controlled by the addition of sodium 
citrate at the rate of 1 or 2 grains per ounce of milk .’ 9 Bosworth and 
VanSlyke explained the failure of milk containing sodium citrate to curdle 
upon the addition of rennet as being due to the formation of calcium sodium 
para case in ate which is quite soluble. While other methods have been em¬ 
ployed to reduce curd tension in milk, such as high-heat treatment, base 
exchange, addition of enzymes, and homogenization, so far as the authors 
are aware no commercial operations are practiced which involve the direct 
addition of sodium salts, even though the work of Bosworth and VanSlyke, 
done 25 years ago, clearly indicated the possibilities of such a practice. 
Schwartz, Jones, Mack, and Vance (2) reported at the 1939 annual meeting 
of the American Dairy Science Association upon the use of sodium meta- 
phospliate for the preparation of soft-curd milk. 

EXPERIMENTAL 

The method of measuring curd tension in this study was the one recom¬ 
mended by the committee on curd tension measurement (of the American 
Dairy Science Association) which reported at the 1938 meeting in Columbus, 
Ohio. This method involves the use of a pepsin hydrochloric acid coagulant. 
The eurdometer used was one manufactured by the Submarine Signal 
Company. The milk was supplied by the University herd. 

While it is recognized that there are several salts of sodium that might 
be successfully used to soften the curd of milk, this study was limited to a 
consideration of sodium citrate, sodium pyrophosphate and sodium hexa- 
metaphosphate. 

USE OF SODIUM CITRATE 

To study the use of sodium citrate as a softener of the curd of milk, 
varying amounts of the salt were added to raw milk which was heated to 

Received for publication September 14, 1939. 
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143° F. and held for 30 minutes. Some of the milk was then homogenized 
at 2500 pounds pressure. Data were secured on the curd tension values of 
the raw, pasteurized, and homogenized milk, the flavor of the milk and the 
creaming qualities of the pasteurized milk. 


TABLE 1 

Effect of sodium citrate upon curd tension of milk 

Curd tension 


ooaium-eiirate 

Kaw 

Pasteurized 

Homogenized 

percent 

grams 

grams 

grams 

None 

46 

43 

13 

.10 

27 

30 

14 

.15 

18 

23 

13 

.20 

0 

1 

3 

.25 

0 

0 

0 


It is interesting to note that the curd tension of the milk to which sodium 
citrate had been added was higher after pasteurization. It will also be 
observed that up until zero curd tension was obtained the proportional de¬ 
crease in curd tension caused by the sodium citrate was greater in the case 
of both the raw and pasteurized milk than it was in the case of the 
homogenized milk. 

The titratable acidity of ail the milks to which sodium citrate was added 
was only slightly affected, being reduced from 0.15 to 0.145 per cent. The 
flavor of the milks was made salty by the addition of sodium citrate but 
peculiarly the salty flavor was less noticeable in the case of the homogenized 
milk. 

That the sodium citrate in the amounts used had no appreciable effect 
upon the creaming qualities of the milk to which it was added is shown by 
the data in table 2. 


TABLE 2 


Effect of sodium citrate upon creaming of pasteurized milk 


Sodium citrate 
added 

Cream volume 

2 hrs. 

5 hrs. 

8 hrs. 

24 hrs. 

48 hrs. 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

None 

15 -15 

17 -16.5 

17 -16 

17 -16 

14.5-15 

.10 

14 -13.5 

16 -16 

16.5-15 

18 -17 ! 

15.5-16.5 

.15 

11 -12 

11 -12 


14 -15 

15.5-15.5 

.20 

14.5-14.5 

36 -16 

17 -16.5 

18 -16.5 

17 -16 

.25 

11 -12 

14 -13 

14 -14 

15.5-15.5 

15 -15.5 


Upon adding 2 parts per million of copper to the pasteurized experi¬ 
mental milks it was found that there was less tallowy flavor developed in 
the milks to which the sodium citrate was added. 
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USE OF SODIUM PYROPHOSPHATE 

Having determined that a sodium salt such as sodium citrate would 
produce an appreciable reduction in the curd tension of milk an attempt 
was then made to find a sodium salt that would produce similar effects upon 
the curd tension of milk with less effect upon the flavor. For this purpose 
sodium pyrophosphate, a salt commonly used as an emulsifier in the manu¬ 
facture of process cheese, was first tried. Table 3 shows the relative effects 
which the same amounts of sodium citrate and sodium pyrophosphate had 
upon the curd tension of milk. The greater effect of the pyrophosphate 
is clearly shown. The effect of heat in slowing up the effect of this salt, and 
its proportionally lesser effect upon the curd tension of homogenized milk 
is further indicated by the results in table 3. 

TABLE 3 


Relative effect of 0.15 per cent sodium citrate and 0.15 per cent sodium pyrophosphate 
upon the curd tension of milk* 


i 

1 

Curd tension 

Sample 

j 

Sodium 

citrate 

Sodium 

pyrophosphate 

1. Salt added to pasteurized milk before heat¬ 
ing to 143° F. for 10 minutes. i 

grams 

27 

grams 

4 

2. Salt added to pasteurized milk not heated . 

18.5 

0 

3. Same as 1 except homogenized after pasteur¬ 
ization but before addition of salt. ! 

! 1 

15.5 

4 

4. Same as 3 except not reheated after addi¬ 
tion of salt. . i 

6 ! 

2.5 


* Curd tension of control pasteurized—48 grams. 

Curd tension of control pasteurized and homogenized—11 grams. 

An additional comparison of sodium citrate and sodium pyrophosphate 
is given in table 4. In this experiment an attempt was made to combine the 

TABLE 4 


Reducing curd tension by combining the effects of high-heat treatment and the 
addition of a sodium salt 


Heat treatment 
given milk 


Curd tension 


Control 

0.15 per cent 

Na citrate 

0.10 per cent 
Nb^PjOt 


grams 

grams 

grams 

143° - 30 minutes 

54 

44 

30 

170° - 0 minutes 

49 

24 

16 

“ - 2 “ 

39* 

18* 

14.5 

tt 4 tt 

34 

8 

8.5 

it e lt 

30 

7 

3.0* 

tt g tt 

30 

4.5 

3 

tt 10 << 

24 

2.5 

3 


* Indicates point where cooked flavor became sufficiently strong to be noticeable. 
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effects of high-heat treatment and the sodium salts in producing soft-curd 
milk. For this purpose the milk was heated rapidly to 170° F. and a 
sample immediately taken and other samples taken every 2 minutes for 10 
minutes. The temperature of 170° F. was arbitrarily selected as one repre¬ 
senting the upper limit to which milk could be heated without acquiring an 
objectionable cooked flavor. The amounts of sodium salts used were such 
as to produce an appreciable effect upon the curd without too noticeable an 
effect upon the flavor of the milk. It is interesting to note that less cooked 
flavor was detectable in the milk to which the pyrophosphate was added. 
It would seem that where lack of cream line is not a factor, a satisfactory 
low-curd tension milk could be produced by heating the milk to 170° F. for 
4 to 5 minutes, cooling rapidly and then adding the sodium salt. 

That this treatment would not be particularly advantageous in the case 
of homogenized milk is shown by table 5. 

TABLE 5 


Reducing curd tension of homogenised milk by combining the effects of heat treatment 
and the addition of 0.1 sodium pyrophosphate 


Treatment given milk 

Time Na<P 2 0 7 
added 

Curd 

tension 

| 

Past., homo.,—heated 170° F., 5 min. . i 

i 

j 

Not added i 

grams 

10.5 

a a it a a a 

Before homo. 

7.0 

a a a it an 

A fter homo., 



heating and 
cooling | 

4.0 

Paslenrized at 143.5° F. and homogenized 

Not added j 

14.0 

tt an an a 

Before homo. j 

13.0 

a an an t a 

After homo., j 

and cooling ! 



11.5 

Pasteurized at 143.5° F.. 

Not added | 

52 


USE OP HEXAMETAPHOSPIIATE TO REDUCE CURD TENSION IN MILK 

Previous mention has been made of the use of sodium metaphosphate by 
Schwartz et al. to produce soft-curd milk. However, since this salt hy¬ 
drolyzes rapidly to form dihydrogen phosphate (NaH 2 P0 4 ) which is rather 
inactive at the pH of milk, it was thought best to use the hexametaphosphate 
in our studies. This salt hydrolizes rather rapidly in the presence of heat 
to form dihydrogen phosphate. A commercial form of hexametaphosphate 
(Calgon) on the market as a water softener was also studied. This product 
contains a small amount of soda ash to reduce hydrolysis. 

In the preliminary trials the hexametaphosphate was found to be more 
effective than pyrophosphate in reducing curd tension. As would be ex¬ 
pected, heating the milk with the salt resulted in a higher curd tension than 
that obtained by adding the salt to the cold milk. Undoubtedly this was 
due to the hydrolysis of a certain portion of the hexametaphosphate to 
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form the less active dihydrogen phosphate. A comparison of the four salts 
studied is given in table 6. 

TABLE 6 


Comparison of different sodium salts in their effect upon curd tension and flavor of milk 


1 

Sample 

Curd tension 

Flavor 

(after 24 hrs.) 

Fresh j 

24 hrs. 

48 hrs. 

72 hrs. 


grams 

j grams 

grams 

grams 

1 


1. Control . 

51 

51 

i 50 

■ 48 

Satisfactory 

2. .05% Calgon . 

58 

! 35 

, 27 

; 28 

• Slight slickness 






and burning 

3. .075% “ . 

8.5 : 

| 5.5 

0 

0 

(i 

(t 

4. .10% “ . 

0 

| 1 

1 0 

0 

< t 

t i 

5. .05% hexametaphosphate 

56.5 i 

1 55 

28 

26 

! * ( 

f i 

6. .075% “ 

5.5 

3 

, O 

3 

1 ( ( 

‘ 1 

7. .10% “ 

0 

0 

0 j 

1 0 

t t 

4 i 

8. .10% pyrophosphate . 

35 

53 

20 

27 I 

! l t 

i t 

0. .15% 

12 

13 

; 12 

! 13 

1 it 

t ( 

10. .20% “ 

5.5 

4.5 

1.5 

4 

( { 

< i 

11. .10% sodium citrate . 

58 

40 

j 33 

31 

Slightly 

salty 

12. .15% “ “ . 

31 

31 


21 

i t 

i i 

13. .20% “ “ . 

12 

12 

i 

1 “ 1 

0 

< < 

11 


The titratable acidity of the milk was practically unaffected by the salts. 
Cream-line measurements of each sample were made periodically up to 48 
hours and, with the exception of the sample containing 0.20 per cent pyro¬ 
phosphate, there were no significant differences. The sample referred to 
was noticeably more viscous than the others and failed to show any cream 
line even after 48 hours. 

DISCUSSION 

A permanent reduction in the curd tension of milk can be obtained by 
the addition of sodium citrate, sodium pyrophosphate, or sodium hexameta- 
phosphate. The amounts required will vary with the milk and the results 
desired. When using milk of approximately 50 grams curd tension, 0.075 
per cent of the sodium hexametaphosphate, 0.15 per cent of the sodium 
pyrophosphate or 0.20 per cent of the sodium citrate are necessary to 
reduce the curd tension to 0->l 0 grams. 

The flavor of the milk is affected to some extent by the addition of these 
salts. The citrate produces a salty flavor while the phosphate salts produce 
a slight burning sensation at the edges and tip of the tongue. All of the 
milks after treatment have a slight slickness of body. It was found possible 
to produce a superior flavored product by combining equal portions of 
samples 6 and 12 (table 6) suggesting that the flavor effect of the two salts 
might be minimized by using an amount of each salt necessary to produce 
in their combined effect the desired curd tension. This was done in one case 
by using 0.0375 per cent of the hexametaphosphate and 0.075 per cent of the 
sodium citrate. 
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A lower curd tension results when the sodium salts are added after pas¬ 
teurization to the cooled milk. After adding the salt, the curd tension 
continues to decrease, reaching an equilibrium after about 48 hours. 

Normal creaming of the milk is not affected until sufficient salt is added 
to change the viscosity. The titratable acidity of the milk remains practi¬ 
cally unchanged after treatment. 

The desirability of using sodium salts to lower the curd tension of milk 
remains to be established. Before the procedure is used commercially it 
should be proven by sufficient clinical evidence that milk with a curd tension 
lowered by the application of sodium salts has superior nutritional qualities. 
It also will be necessary to have official sanction from the health officials 
since such additions to milk ordinarily would be considered adulteration. 

summary 

A method has been presented for producing milk with reduced curd 
tension by the addition of certain sodium salts. It is indicated that there is 
need for further nutritional study of the product before recommending 
adoption of the method by the industry. 
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POTENTIOMETRIC STUDIES WITH RESAZURIN AND 
METHYLENE BLUE IN MILK 1 

C. K. JOHNS and R. K. HOWSON 
Division of Bacteriology and Dairy Research, Science Service, 

Department of Agriculture , Ottawa 

Comparative studies with resazurin and methylene blue as indicators of 
the bacteriological quality of milk have been carried on in these laboratories 
for several years. It has been found that the resazurin “one hour” test is 
less reliable than the methylene blue test in that milks containing large num¬ 
bers of dormant organisms frequently fail to cause any significant change in 
color during this period (8). Furthermore, seasonal and breed differences 
in pigmentation complicate color comparisons, while some workers have diffi¬ 
culty in distinguishing the intermediate shades of color. When, however, 
incubation is continued to the pink stage, there is an excellent correlation 
between reduction times for resazurin and methylene blue, the ratio being 
approximately 3:4 2 (fig. 1). Calculation of the coefficients of correlation 
between reduction times and Breed counts of individual cells for 369 sam¬ 
ples of market milk yielded the following values: 

Resazurin: r = - 0.711 ± 0.017 

Methylene blue: r = -0.651 it 0.020 

Consequently, this modified resazurin test, using the pink end-point, may 
be considered at least as accurate as the methylene blue test as an index of 
the bacterial content of milk at the time the test is begun. 

We have been interested in discovering the reason for the significantly 
shorter time required for the reduction of resazurin to the pink stage. 
Resazurin is slightly more electropositive than methylene blue (9). How¬ 
ever, the shape of the time-potential curve ordinarily obtained with either 
plain milk or inilk + methylene blue is such that it is difficult to believe that 
the slight difference E'<, values for these two dyes is sufficient to account 
for the marked shortening in reduction time 3 indicated in figure 1. The only 
other explanation that suggests itself is that resazurin may change the shape 
of the time-potential curve so that the zone of reduction will be reached some¬ 
what earlier than with milk f methylene blue or plain milk. Studies were 

Received for publication September 21, 1939. 

iContribution No. 59 (Journal Series) from the Division of Bacteriology, Science 
Service, Department of Agriculture, Ottawa. 

* In these studies, tho errors resulting from undisturbed creaming (3, 7, 10, 13) were 
minimized by inversion of tubes at regular intervals until incipient reduction was noted. 
The wider ratio (1; 2) reported by Collins et at, (1) may be due to their incubating tubes 
undisturbed, or to cnd*point differences. 

s Reduction time for resazurin represents the time taken to change to a full pink 
color; for methylene blue, the time required to decolorize at least 90 per cent of the 
column of milk. 
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Fig. 1. Comparative reduction times with resazurin and methylene blue for 369 
market milks. 

therefore undertaken to shed some light on this and other points in connec¬ 
tion with these dye reduction tests. 

EXPERIMENTAL 

The electrode vessels consisted <yf 1" x 8" test tubes, closed with 3-hole 
rubber stoppers through which passed two spiral platinum electrodes and 
a tube containing saturated KC1. The latter was narrowed at the base and 
crimped onto asbestos fiber to prevent the rapid leakage of the solution. 
The top of the tube was flared to facilitate insertion of a KCl-agar bridge. 4 
Six tubes were set up at one time, connections being made to a Beckman 
Model G vacuum tube potentiometer through a specially constructed 12-way 
switch. 

After autoclaving while filled with distilled water, the tubes were 
emptied and 2.5 ml. of dye solution 5 added. Twenty-five ml. of milk were 
then introduced into each tube and the tubes set in a water-bath at 37° C. 
In general, half of the tubes were carefully inverted at hourly intervals, the 
remainder being disturbed as little as possible. 

Although at times marked variability characterized the readings from 

4 This type of connection was devised and constructed by Mr. G. B, Landerkin, M.Sc., 
of this Division. 

5 Besazurin (EK 2106) to give a concentration of 1: 200,000 in milk. Methylene 
blue thiocyanate (Na. tl) to give a concentration of 1: 300,000 in milk. An equivalent 
quantity of sterile distilled water was added to control tubes. 
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duplicate electrodes, it was soon evident that the shape of curve for milk 
plus resazurin differed from that for plain milk or milk plus methylene blue. 
The curves shown in figures 2 and 3 are representative of those from a wide 



Flo. 2. Time-potential curves for milk, milk plus resazurin and milk plus methylene 
blue at 37° C. 



Fig. 3. Time potential curves for milk, milk plus resazurin and milk plus methylene 
blue at 37° C. 

variety of milks. It will be noted that the curve for milk plus resazurin 
shows a sharper initial drop in Eh than do those for milk plus methylene 
blue or plain milk. This drop is followed by a flattening of the curve, start¬ 
ing at a point near that at which the full pink color appears. Later the 
curve again declines, eventually reaching the same final Eh level as the 
others. 

This flattening of the curve after reaching the pink stage suggests that 
resazurin exerts a stronger poising action than does the older dye. Time- 
potential curves obtained with portions of the same lot of milk containing 
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one-half strength, full strength and double strength resazurin are shown in 
figure 4. (In this graph the scale of the X axis has been doubled in order 



Fig. 4. Influence of resazurin concentration upon time potential curves at 37° C. 

that differences may be more readily noted. The points at which the 
appearance of the pink color were noted are only approximations.) These 
curves indicate: 1, that the degree of flattening of the curve is proportional 
to the dye concentration, and 2, that the double strength dye exerts a definite 
bacteriostatic influence. The latter is also borne out by the pH values at 6 J 
hours and by the Breed count of individual organisms made from a parallel 
set of tubes at the 3rd hour. 

Turning now to the influence of inversion upon the time-potential curve 
(figs. 2 and 5) it will be noted that it causes little or no change during the 



Fig. 5. Influence of mixing upon time-potential curves. 

first period when the curve is approximately horizontal. As the Eh drops, 
however, the effect of inversion becomes more pronounced. However, the 
Eh changes are of a transient nature and have little influence upon the 
general trend of the curve. On the other hand, dispersion of the cream 
layer and accompanying bacteria frequently results in much earlier reduc¬ 
tion of both resazurin and methylene blue (fig. 5). That this may be due to 
more active growth is indicated by the higher hydrogen ion concentration in 
mixed than in unmixed tubes at the end of the run (table 1). The data 
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TABLE 1 

Influence of hourly inversion of tubes upon final pH values * 


Date 

Hours in¬ 
cubated 
at 37° 0. 

Plain milk 

Milk + moth, blue 

Milk + resazurin 

A 

B 

A 

B 

A 

B 

Nov, 22. 

n 

5.97 

5.51 

6.02 

5.68 

6.05 

5.80 

" 24. 

n 

5.85 

5.52 

6.00 

5.65 

6.00 

5.70 

" 25. 

m 

6.00 

5.81 

6.21 

6.00 


. .... 

Doc. 2. 

9* 

6.18 

6.00 

6.28 

6.10 

| 6.31 

6.18 


* Determined with glass electrode. 

A = Tubes incubated undisturbed. 

B=: Tubes inverted hourly until incipient reduction noted. 


in table 1 indicate that at the concentrations employed, resazurin exerts a 
slightly greater bacteriostatic influence than does methylene blue. Experi¬ 
ence with several hundred samples of market milk has failed to reveal any 
undesirable effect attributable to inversion of tubes at intervals of 1 to 2 
hours during incubation. In passing, attention may be called to the unusu¬ 
ally low final Eh levels reached in certain samples (figs. 2 and 6). Some of 



Hours ot 

Fig. 6 . Influence of mixiug upon time-potential curves. 

these were taken from a 3,000 lb. vat, others from the weigh-tank (indi¬ 
vidual shippers). Wilson (13) reports similar low levels in pure culture 
studies with Esch. coli and A-crobacter aerogenes, but we have seen none 
recorded for mixed milks. 

It is now generally realized that certain organisms show much less active 
reduction of potential than do the majority of bacteria (4, 5, 13). In at 
least one area, milks containing numerous thermoduric organisms have 
failed to reduce methylene blue within 8 hours when incubated undisturbed. 
In view of its higher Eh range, and of the earlier downward bend of the 
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curve, it seemed likely that resazurin should prove useful in detecting such 
milks. 

Through the courtesy of Dr. E. H. Parfitt, representative cultures of 
these thermoduric organisms have been tested out with both dyes in the ordi¬ 
nary reduction test as well as potentiometrical 1 y. Only a gradual decline 
in Eh has been observed even when the direct microscopic count at the start 
showed 5,000,000 individual bacteria per ml.® The color changes in the dye- 
milk mixtures are correspondingly gradual. There is usually partial reduc¬ 
tion of methylene blue by the time resazurin reaches the pink stage. How¬ 
ever, a trace of blue color remains in the body of the tube for some hours. 7 
Data presented in table 2 suggests that if the pink stage of resazurin is 
taken as the end-point, this test will grade those milks somewhat more satis¬ 
factorily than will methylene blue. Since the optimum temperature for 
these organisms is below 37° C., growth is encouraged by preliminary incu¬ 
bation at 12.8° C. for 18 hours, as previously advocated (6), and the reduc¬ 
tion time significantly shortened. 

Substitution of methylene blue thiocyanate for the chloride, and increase 
in dye concentration to 1: 300,000 have been recommended (12). The latter 
modification lengthens reduction time, Thornton and Sandin (12) reporting 
an increase of 30 minutes, Johns (7) 20 per cent and Frayer (3) 100 per 
cent increase. Although Thornton et al, (11) report reduction over the 
same approximate Eh range for both dye concentrations, our studies indi¬ 
cate that this lengthening of reduction time is due to the increase in dye 
concentration, as suggested by Fay and Aikin (2). Despite the obvious 
difficulty of determining the exact potential at which decolorization occurs, 
we have invariably noted visual reduction at a definitely higher level with 
the weaker concentration. In several instances the average value from 
duplicate electrodes has been almost 200 mv. more positive. The points 
noted in figure 6 are fairly representative of a variety of milks we have 
studied potentiometrically. 

SUMMARY 

Resazurin reduces to the pink stage in approximately three-fourths of 
the time required for methylene blue to decolorize. Potentiometric studies 
indicate that this shortening of reduction time is mainly attributable to the 
change in shape of the time-potential curve when resazurin is present. 

Hourly inversion of tubes during incubation generally shortens the 
reduction time of good milks considerably. The incorporation of oxygen by 
this practice has little or no effect upon the time-potential curve during the 
early stages, and only transient effect later. 

« This may be attributed to the slow growth rate at 37° C. “When incubated at room 
temperature, growth is more rapid and the Eh curve shows a steeper decline. 

7 With both dyes a narrow zone of fairly intense color may remain at the surface for 
hours after the resazurin pink stage has been reached. 
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Comparison of resazurin and methylene blue in evaluating milks containing weakly reducing organisms 
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Besazurin is more useful than methylene blue in detecting milks contain¬ 
ing large numbers of weakly reducing organisms. 

The lengthening of reduction time when the concentration of methylene 
blue is increased from 1: 700,000 to 1:300,000 appears to be attributable to 
a downward shift in the Eh zone at which the dye decolorizes. 
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EFFECT OF LACTIC ACID ON THE HYDROLYSIS OF FAT IN 
CREAM BY PURE CULTURES OF LIPOLYTIC 
MICRO-ORGANISMS 1 

E. L. FOUTS 

Dairy Department, Oklahoma A. and AT. College, Stillwater, Oklahoma 

i 

It hfc been reported that the development of lactic acid in milk or cream 
lias a r* ir? lining influence on the growth of undesirable types of micro¬ 
organisms. To study this problem, sterilized cream was inoculated at ap¬ 
proximately the same time with a butter culture and a culture of a common 
lipolytic micro-organism. Lipolytic molds, yeasts and bacteria were used in 
these trials and included 0. lactis, Myc. lipolytica , Ach. Upolyticum, Ale. 
Upoiyticus and Ps. fluoresccm. After inoculation, the lots of cream were 
held at 21° C. The acidity and flavor of the cream and acid number of the 
fat were determined after 2, 4 and 6 days. 

After 6 days incubation at 21° C. (table 1) the fat in the sample inocu¬ 
lated only with the mold had an acid number of 40.4 while the sample inocu¬ 
lated with butter culture organisms as well as 0. lactis had an acid number 
of 10.4. It is evident that the growth of butter culture organisms with the 
resultant formation of lactic acid inhibited the lipolytic activity of O. lactis 
in cream. 

After 6 days incubation the sample containing only Myc. lipolytica had 
a fat acid number of 37.9 while the acid number of the fat in the sample 
inoculated with butter culture organisms as well as the yeast was 47.9. This 
indicates that the lactic organisms growing in the cream stimulated in¬ 
creased lipolytic action by the yeasts. 

After 6 days incubation, the acid numbers of the fat of cream inoculated 
with cultures of lipolytic bacteria, with and without butter cultures respec¬ 
tively, were as follows: Ach. Upolyticum 2.5 and 8.3; Ale. Upoiyticus 1.6 and 
2.5 and Ps. fluorescens 2.5 and 4.4. All three species of lipolytic bacteria 
used in this study -were definitely inhibited in their activity by the growth of 
butter culture organisms. 

The question arose as to whether this inhibition was simply the result of 
the formation of lactic acid in the cream or whether the presence of growing 
butter culture organisms might have exerted some influence on the oxygen 
demands or other growth needs of the lipolytic organisms. In order to de¬ 
termine this point, lactic acid was sterilized and added to sterilized cream in 
such amounts that samples of the same lot of cream w r ere obtained, varying 
in reaction from sweet in the check sample to very sour in the acidulated 
samples. These samples of cream were inoculated with various lipolytic 

Beceived for publication September 22, 1939. 
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TABLE 1 

Effect of the growth of butter vulture organisms in cream on the growth of 
lipolyi ic organ isms 


Days 

Butter culture added 

No butter culture added 

held at 

Per cent 

Add 

Flavor 

Percent . 

Acid 

Flavor 

21° C. 

acidi ty 

number 

of cream 

acidity 

number 

of cream 

0. lactis 

2 

| 0.86 

10.0 

acid, rancid 

0.3 7 

| 12.5 

1 fruity 

4 

| .81 

(5.5 

acid, rancid 

.22 1 

24.8 | 

rancid, fruity 

6 

| .77 

10.4 

acid, rancid 

.24 | 

40.4 

1 rancid, fruity 


Myc. lipolytica 


o 

.86 

2.7 

rancid 

.23 

8.8 

rancid 

4 

1.04 

20.1 

bitter, rancid 

.38 

20.1 

rancid, bitter 

C 

.98 

47.0 | 

bitter, rancid 

| .38 

37.9 

rancid, bitter 


Ach , lipolyticinu 


2 1 

1 .76 | 

1.3 | 

acid, old 

.26 

2.4 i 

old 

4 | 

1 .05 1 

2.1 

acid, old 

.31 

4.5 j 

acid, rancid 

6 ! 

! .06 1 

2.5 | 

acid, old 

.37 

8.3 | 

rancid 


Ale . lepolyticus 


2 

.81 

.5 

acid 

1 .30 ! 

.8 

good 

4 

.87 

3.0 

acid 

1 .23 j 

2.4 

old 

6 

.88 I 

1.6 

acid 

! .23 | 

2.5 ! 

si. rancid 


Ps. fluoresceins 


2 

| .88 

1.4 

acid, unclean 

.10 1 

1.4 

| rancid 

4 

| .92 

2.0 

acid, unclean 

.27 

3.5 

1 rancid, putrid 

6 

| .96 

2.5 

acid, old 

.27 1 

4.4 

j rancid, putrid 


micro-organisms. After incubating for 6 days at 21° C., tin* samples were 
churned and the acid numbers of the fat determined. As a check on the 
effect of the acid on the acid number of the fat, a series of acidulated but un¬ 
inoculated samples was held for the same period as the inoculated samples 
and the acid numbers of the fat determined. 

As shown in table 2, the uninoculated cream ranged in titratable acidity 
from 0.18 per cent (check sample) to 2.08 per cent in the sample receiving 
the largest portion of added lactic acid. No differences were observed in the 
acid numbers of the fat of this entire series of cream samples after incuba¬ 
tion. These data indicate that lactic acid, even in concentrations greater 
than normally formed in cream, did not cause an increase in the acid number 
of fat. 

0. lactis when inoculated into sweet or moderately sour cream increased 
the titratable acidity appreciably probably due to the liberation of acids 
from the fat. As the amount of added lactic acid was increased the action 
of the molds on the fat decreased. The samples of cream having titratable 
acidities of less than approximately 0.50 per cent when inoculated, showed 
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increases in titartable acidity due to the growth of the mold; samples hav¬ 
ing titratable acidilies over approximately 0.50 per cent when inoculated, 
showed decreases. In general, the lower the titratable acidity of the cream 
when inoculated with 0. lactis , the higher the acid number of the fat became, 
due to mold growth. From the data (table 2) it may be seen however that 
marked increases in the acid number of the fat were observed even when the 
mold was inoculated into cream having titratable acidities in excess of 1.0 
per cent. 

TABLE 2 


Effect of the addition of lactic acid on the growth of lipolytic micro-organisms in cream 


Lot 

Cream acid u- 
lated—-not in¬ 
oculated 

Cream acidulated and incubated 6 days at 21° 
after inoculation with 

C. 

O. lactis | 

MycAipolylica 

| AchAipolyticum 

Per cent 
acidity 

j Acid 
j number 
j of fat 

Per cent 
acidity 

Acid j 
number 
of fat | 

Per cent : A (j h! 

■udditv ; number 

audit} j (l£fnt | 

l 

l*cr cent 
acidity 

Acid 
number 
of fat 

1 

j 0.18 

; o.5 

0.46 i 

26.1 

0.6O ' ! 

o.u 

11.3 

i> 

i .24 

, .7 

! -9 j 

19.6 

.46 ! ! 

.41 ! 

8.9 

3 

; .41 

.5 

' ,45 

15.S 

.52 27.8 

.49 

1 7.8 

4 

| .52 

J 

i .45 

18.4 

.60 - 21.8 

.55 

7.8 

5 

1 * 71 

.5 

.55 

14.0 

' .74 21.4 

.00 

: 5.0 

6 - 

i .^7 

; .5 

.60 

8.5 

i .85 13.7 ! 

.88 

6.4 

7 ... 

i 1.34 

! .5 

i .86 

4.7 

1.12 12.8 

1.36 

; 3.0 

8 . 

I 2.08 

! 

I .6 

i 1.34 i 

1 3.7 

1.72 j 3.1 ; 

2J7 

1 

•9 

!.... 


Myc. lipolyticn when inoculated into samples of cream having varying 
acidities due to added lactic acid apparently grew luxuriantly even in the 
samples having very high titratable acidities. In table 2 it may be observed 
that a marked increase in the acid number of the fat occurred when cream 
having an acidity of 2.08 per cent was inoculated with this organism. In the 
cream having acidities above approximately 0.70 per cent, the organisms 
apparently utilized the acid in their growth since decreases in titratable 
acidities were observed in these samples. 

Ach. lipolyiicum formed some acid when growing in cream and in some 
of the trials was able to hydrolyze fat when inoculated into cream having 
a titratable acidity of about 1.0 per cent (table 2) as is evidenced by 
increased acid numbers of the fat in these samples. 

The organisms studied were types which are commonly found in cream, 
and it seems that it is not safe to assume the undesirable types of organisms 
will be controlled in cream having high titratable acidity. It can readily be 
seen that any of the organisms studied might cause appreciable damage to 
the quality of cream even though it was sour. Lactic acid in cream in quan¬ 
tities greatly exceeding the amount normally produced by ordinary milk 
souring organisms, was definitely not a factor contributing to increased acid 
numbers in butterfat. 
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CONCLUSIONS 

1. 0. lactis and all of the species of bacteria studied were inhibited some¬ 
what by the growth of butter culture organisms in cream; Myc. lipolytica 
showed increased growth in the presence of the butter culture organisms. 
Lipolysis, even in high acid cream, was extensive enough with all organisms 
investigated to be of importance in cream quality. 

2. 0 . lactis, Myc. lipolytica and Ach. lipolyticum were definitely inhib¬ 
ited by the addition to cream of excessive amounts of lactic acid. However, 
they all grew well in cream containing sufficient added lactic acid to give a 
titratable acidity of approximately 1.0 per cent. The first two species caused 
lipolysis in cream with an acidity of 2.08 per cent. 

3. The addition of lactic acid to sterilized cream in amounts sufficient to 
increase the titratable acidity up to 2.08 per cent did not cause changes in 
the acid numbers of the fat after holding 6 days at 21° C. 



RELATION OF VOLATILE ACIDITY OF BUTTERFAT TO 
RANCIDITY 1 

E. X,. FOUTS 

Dairy Department, OTclahoma A. and M. College , Stillwater, Oklahoma 

In the trials reported in preceding papers the acid numbers of the fat of 
many samples of fresh cream were determined. Without exception the acid 
numbers of fresh fat were less than 1.0 and were usually between 0.5 and 
0.6. Volatile acidity determinations on these samples of fat invariably 
yielded such low values that no dependence could be placed on them because 
they were usually lower than the limit of error of the titration method 
employed. 

VOLATILE AND NON-VOLATILE ACIDITY RELATIONSHIPS IN THE FAT OF 
COMMERCIAL BUTTER SHOWING RANCIDITY 

Among the many samples of commercial butter examined there were a 
number which were rancid. Acid number and volatile acidity determina¬ 
tions were made on the fat of these samples. 

The data shown in table 1 reveal that the samples of commercial butter 
which were described as rancid in some degree had acid numbers on the fat 
ranging from 1.3 to 14.0. Samples 1, 4 and 5 were described as rancid with 
acid numbers of 4.8, 5.6, and 5.8, respectively, while samples 3 and 9 were de¬ 
scribed as slightly rancid and had acid numbers of 10.8 and 14.0, respec¬ 
tively. Sample 13 was very rancid and had an acid number of only 1.6 and 
sample 14 was rancid with an acid number of only 1.3. There was no correla¬ 
tion between the intensity of the rancid flavor and the acid number of the fat. 

Samples 1 to 12, inclusive, revealed relatively little variation in the vola¬ 
tile-non-volatile acid relationships of the fat acidity. The percentages of 
the total acid that were volatile ranged from 11.4 to 16.7. Samples 13 and 
14 had very low acid numbers and did not yield a sufficient quantity of 
volatile acidity to measure accurately by the method employed. 

The data show that little or no correlation existed between rancidity and 
acid number of the butterfat. In the data (table I), it may be noted that 
the acid number of the fat and the percentage of tin* total acid that was 
volatile was not related directly to the intensity of the rancid odor. While 
it is rather unsatisfactory to determine the degree of rancidity by organo¬ 
leptic tests, no other method exists which will detect the defect with equal 
reliability. Probably the agent responsible for the hydrolysis is an impor¬ 
tant factor in determining the degree of rancidity that will accompany a 
certain acid number on the fat. For example, in some experimental trials, 
Received for publication September 22, 1939. 
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TABLE 1 


Volatile and non-volatile acid relationships in the fat of commercial butter 
showing rancidity 


Sample 

Flavor 

Acid 

number 

Volatile 

acidity* 

Per cent of total acid 
in the fat 

Volatile 

Non-volatile 

1 

rancid 

4.8 

0.8 

16.7 

83.3 

2 

verv rancid 

6.2 

1.0 

16.1 

83.9 

3 

si. rancid 

10.8 

1.55 

14.3 

85.7 

4 

rancid 

5.6 

.05 

11.0 

88.4 

5 

rancid 

5.8 

.95 

16.4 

83.6 

(5 

si. rancid 

2.8 

.45 

16.1 

83.9 

7 

si. rancid 

3.2 

.45 

14.1 

85.9 

8 

rancid 

2.4 

.4 

16.7 

83.3 

9 

si. rancid 

14.0 

1.9 

13.6 

86.4 

10 

rancid 

4.8 1 

.55 

11.4 

88.6 

11 

rancid 

7.6 

1.35 

15.1 

84.9 

12 

si. rancid 

5.2 

.75 

14.4 

85.0 

13 

very rancid i 

3.6 

** 


. 

14 

rancid 

1.3 

** 




* The volatile acidity values represent the milliliters of N/10 sodium hydroxide re¬ 
quired to neutralize the acid in 200 ml. of distillate when 10 gin. of fat were steam distilled. 
** Quantity too small to measure accurately. 


samples of butterfat on which 0. lad is had acted showed relatively high 
acid numbers with no indication of rancid odor. It is possible, as has been 
suggested by Or!a-Jen sen (6), that certain lipolytic molds are able to con¬ 
sume the volat ile acids as rapidly as they are liberated from the fat yielding 
a fat with a relatively high acid number and yet showing no signs of 
rancidity. 

Hammer (4), Hunziker (5) and others have stated that the odor of 
rancid butter is due to the presence of some of the lower fatty acids particu¬ 
larly, butyric, caproic and caprylic. Grossfeld and Battay (3) reported that 
one part of butyric acid in 12,500 parts of a medium could be detected by 
sense of smell. Stark and Seheib (7) believed that amounts of butyric acid 
in rancid butter may be so small that though they can be detected in butter 
by tasting and smelling, they cannot be measured by ordinary chemical 
means. Since the acid numbers of some of the samples of good butter, as 
shown in a previous article, were very high and the acid numbers of some 
of the rancid samples shown in table 1 were low the agencies responsible for 
rancidity must have exerted a selective action on certain of the glycerides 
of the fatty acids. Only the higher acids must have accumulated in the good 
butter showing a high acid number on the fat. Conversely, in the rancid 
samples having very low acid numbers, a relatively large percentage of the 
total acid accumulated must have been volatile. From the data presented 
it is evident that no definite relationship existed between the quantity of 
acid liberated from the fat and the degree of rancidity present. 

The relationship between the volatile and non-volatile acidities of the fat 
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of samples 1 to 12 of the rancid butter were comparatively uniform regard¬ 
less of the acid numbers of the fat which ranged from 2.4 to 14.0. There 
was no relationship between the degree of rancidity and the volatile acidity, 
that is. in general the slightly rancid samples had the same volatile-non-vola¬ 
tile acid relationship as did the rancid and very rancid samples. 

In conclusion, the percentages of the total acid in the fat that were vola¬ 
tile varied only slightly in the samples of rancid butter studied. There was 
no correlation between the percentages of the total acid in the fat that were 
volatile and the degree of rancidity. 

EFFECT OF THE GROWTH OF VARIOUS LIPOLYTIC MICRO-ORGANISMS ON THE 
PERCENTAGES OF TOTAL ACID OF FAT THAT ARE VOLATILE AND 
NON-VOLATILE 

During a study of many cases of rancidity in experimental butter caused 
by the growth of micro-organisms, an excellent, opportunity was afforded to 
obtain information concerning the relationship between the volatile and 
non-volatile acidity in the fat of rancid butter. Portions of sterilized sweet 
cream were inoculated with the organisms to be studied. The cream was 
then incubated at 13° or 21° (\ for 6 days. The acid numbers and the vola¬ 
tile acidities of the fat were determined in the usual manner and the per¬ 
centages of total acid that were volatile were calculated; the percentages of 
the total acid that were non-volatile were obtained by difference. The four 
trials wit.li eaeli organism were purposely not run simultaneously and be¬ 
cause of the fact: that cultures of different ages wore used and different in¬ 
cubation temperatures employed, the degree of fat hydrolysis in the trials 
was not uniform. The object was to determine whether the organisms would 
hydrolyze the fat into the same volatile-non-volatile acid relationship under 
varying conditions of growth. 

The average percentage of the acid that was volatile in the four trials 
with 0. lad is was 1.9 (table 2). In other trials not reported, slightly higher 
values were obtained but none of them was over 5.0 per cent. With Mye. 
lipolytieu the percentage of total acid that was volatile was higher than with 
0. lad is, the average being 8.4. All the species of bacteria studied gave 
relatively high volatile acid values and were uniform in their volatile-non¬ 
volatile a cid relationship. Four trials each with Ps. fluoresce as, Ach. lipo- 
lyticum, and Ale. lipolytic us gave averages of 14.7, 11.5 and 11.2 per cent, 
respectively. 

There was a relatively close relationship between the volatile and non¬ 
volatile acid values in all the trials with an organism, regardless of age of 
culture used for inoculating the cream, incubation temperature or degree 
of hydrolysis as shown by the acid numbers. The different organisms varied 
considerably in the degree of hydrolysis produced, as well as in the per¬ 
centages of the total acids that were volatile and non-volatile. The 0. ladis 
culture, as has previously been shown, was actively lipolytic but the volatile 
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TABLE 2 

Volatile and non-volatile acidity relationships in butterfat produced by the growth of pure 
cultures of lipolytic micro-organisms in cream. Sterilised cream 
inoculated and held 6 days 


Trial 

Temperature 
of incubation 

Acid number 
of fat 

Volatile 

acidity* 

Per cent of total add 
in the fat 

Volatile 

Non-volatile 

0. lactis • 

1 

13° C. 

18.6 

0.45 

2.4 

97.6 

2 

13° 

23.8 

.5 

2.1 

97.9 

3 

21 ° 

32.8 

.6 

1.8 

98.2 

4 

21 ° 

26.4 

.4 

1.5 

98.5 

Average 




1.9 


Myc. lipolytica 

1 

1 13° 

9.9 

.9 1 

9.1 

90.9 

2 

13° 

12.0 

1.0 1 

8.3 1 

91.7 

3 

! 21 ° 

21.0 

1.7 

8.1 

91.9 

4 

21 ° 

16.8 

1.4 

8.3 

91.7 

Average 




8.4 



Ps. fluorcscens 


1 

13° 

3.7 

.7 

18.9 

83.1 

o 

13° 

5.8 

.8 

13.8 

86.2 

3 

21 ° 

7.6 

1.0 

33.1 

86.9 

4 

21 ° 

6.5 

.85 

13.1 

86.9 

Average 




14.7 




Ach . 

lipotyticum 



1 

13° 

2.8 

.35 

12.5 

87.5 

2 

13° 

4.7 

.5 

10.6 

89.4 

3 

21 ° 

7.1 

, .8 

11.5 

88.5 

4 

21 ° 

8.3 

.95 

13.4 

88.6 

Average 




11.5 


Ale. lipolyticus 

1 

13° 

5.4 

.65 

12.0 

88.0 

o 

I 30 . 

8.7 

1.0 

11.5 

88.5 

3 

21 ° 

14.9 

1.6 

10.7 

89.3 

4 

21 ° 

12.8 

1.4 

10.9 

89.1 

Average 




31.2 



* See table 1 . 


acidity of the fat on which it had acted was somewhat low as compared with 
all other organisms studied. This observation confirms the belief of Orla- 
Jensen (6) who suggested that the organism utilized in its metabolism, the 
volatile fatty acids liberated by its growth. 

For reasons previously cited the degree of hydrolysis caused by the same 
organism in different trials, as determined by acid numbers, varied some¬ 
what. With a few exceptions, all the trials with an organism gave volatile 
acid values that were quite uniform, regardless of the degree of hydrolysis. 
In the ease of 0. lactis the acid numbers ranged from 18.6 to 32.8 but the vola- 
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tile acid percentages varied only from 1.5 to 2.4. With Myc. lipolytica the 
acid numbers ranged from 9.9 to 21.0 and the volatile acid percentages from 
8.1 to 9.1. With Ach. lipolyticum the acid numbers varied from 2.8 to 8.3 and 
the volatile acid percentages from 10.6 to 12.5; other bacterial species pro¬ 
duced volatile acid values similar to those produced by Ach. lipolyticum . 
The organisms studied varied considerably in the relative percentages of 
the total acid liberated that were volatile and non-volatile. In all trials.with 
the same organism however this relationship was comparatively uniform. 

One organism may have attacked the fat of cream in a somewhat differ¬ 
ent manner than another, or at least the end products of the metabolic proc¬ 
esses were different. With 0. lactis only a relatively small percentage of the 
total acid was volatile after the mold had grown while with all bacterial 
species studied a comparatively large percentage remained after growth. 
With all the bacterial species studied about the same percentages of the total 
acid produced from the fat were volatile which in all cases were considerably 
higher than those produced by either Myc. lipolytica or 0 . lactis. 

ABILITY OF VARIOUS LIPOLYTIC ORGANISMS TO UTILIZE SALTS OF THE LOWER 
FATTY ACIDS AS TIIE SOLE SOURCE OF CARBON 

Both experimental and commercial rancid butter showed some variation 
in the volatile-non-volatile acid relationships of the fat. Various workers 
have suggested that certain micro-organisms utilize some of the lower vola¬ 
tile fatty acids in their growth. In order to determine whether the organ¬ 
isms used in the previously reported experiments could grow in media in 
which a sodium or calcium salt of a single volatile fatty acid comprised the 
sole source of carbon, a series of such media were prepared following the 
general formula of Ayres, et al . (1). These media had the following com¬ 
position : 

sodium ammonium phosphate 2.0 gm. 

potassium chloride .1 gm. 

salt of fatty acid . 5.0 gm. 

distilled water . 1000 ml. 

The salts used were sodium and calcium butyrate, calcium caproate and 
calcium caprylate. Forty ml. portions of each medium were placed in glass 
containers with screw caps and sterilized in the autoclave. The media were 
then inoculated with micro-organisms to he studied and incubated at 21° C. 
After 7 days and also after 14 days of incubation, a complete series of the 
inoculated media were treated as follows: 

The contents of each bottle were placed in a Kjeldahl flask containing 
225 ml. of distilled water. Five ml. of N/l sulphuric acid were added to 
each flask to free any remaining fatty acid from the salt. The flasks were 
then placed on the distilling apparatus and heated until 200 ml. of distillate 
were obtained. These distillates were titrated against N/10 sodium hydros- 
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ide, using phenolplithalein as an indicator. Handled in an identical man¬ 
ner, uninoculated 40 ml. portions of each medium served as checks. It was 
assumed for comparative purposes that any decrease in the volatile acid 
obtained from a medium after growth of an organism, compared with the 
check, was due to utilization of the acid by the growing organisms. 

There was no apparent uniformity in the ability of different organisms 
to utilize the fatty acids (table 3). 0. lactis grew luxuriantly in the media 

TABLE 3 


Ability of certain lipolytic micro-organisms to utilize the salts of the lower fatty acids as 

the sole source of carbon 



Sodium 

butyrate 

Calcium 

butyrate 

Calcium 

caproate 

Calcium 

caprylate 

Organism 

Days of incubation at 2.1° C. 


7 1 

14 

7 

14 

7 

14 

7 

14 

0. lactis . 

3.4 

1.2 

3.7 

0.6 

6.9 

6.8 

1.1 

! 0.9 

Myc. lipolytica . 

12.1 

5.0 

11.3 

11.0 

5.2 

4.8 

1.3 

.a 

Ps. fluorescens .... 

12.5 

12.3 

13.0 

13.0 

4.7 

3.6 

2.0 

1.7 

Aoh . lipolyticum... 

16.2 

16.4 

17.0 

!7:i 

•7.2 

7.2 

2.2 ' 

1.9 

Ale. Hpolyticus . 

12.5 

9.4 

10.2 

8.3 

7.2 

7.2 

2.2 

1.5 

Check (no inocu¬ 









lation) . 

16.1 

16.2 

17.5 

17.1 

7.2 

7.2 

2.9 

2.9 


The values represent the milliliters of N/10 sodium hydroxide required to neutralize 
the acid in 40 ml. of medium. The difference between the values given for an organism 
and the check sample (no inoculation) on the same medium represents the milliliters of 
N/10 acid utilized by the growing organism. 

containing sodium and calcium butyrate and lowered the volatile acid ob¬ 
tainable from the sodium butyrate ipedium from 16.1 ml. (check) to 3.4 ml. 
after 7 days and to 1.2 ml. after 14 days. Almost complete disappearance of 
the butyric acid may be noted. Similar reductions were shown in the cal¬ 
cium butyrate and calcium caprylate media. In tbc calcium caproate 
medium some growth was evident but it was not nearly so luxuriant as in the 
other media. The data further substantiate earlier suggestions that 0. 
lactis is able to utilize volatile fatty acids. 

Myc. lipolytica grew in all the media but grew less luxuriantly than 0. 
lactis in the medium containing calcium butyrate, as determined by the 
titration values after 14 days, the value for 0. lactis being 0.6 ml. and for 
Myc . lipolytica 11.0 ml. This organism showed greater growth after 14 days 
in the media containing the calcium salts of caproic and eaprvlic acids than 
did 0. lactis. I J s. flu ore scans utilized all of the salts to some extent; Ack. lipo - 
lyticum did not show appreciable growth in any of the media and conse¬ 
quently utilized very little of the fatty acids. Ale . lipolyticum utilized 
sodium and calcium butyrate but was unable to utilize the calcium salts of 
caproic and caprylic acids to any extent. 

The organisms studied varied greatly in ability to use the salts of the 
lower fatty acids as their sole source of carbon. The fact was established, 
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however, that some of the organisms studied were definitely able to destroy, 
by their growth, certain of the volatile fatty acids. Coolhass (2) showed 
that certain bacteria were able to ferment a large number of fatty acid salts. 
It is possible also that certain organisms may be able to act on the higher 
fatty acids in such a manner as to split off acetic acid causing increased titra¬ 
tion values. It is therefore evident that the acid number of a fat is not an 
exact index of the degree of hydrolysis of the fat. Another point to consider 
is that even though certain organisms utilized the lower fatty acids in syn¬ 
thetic media in which the fatty acids were the only source of carbon, this does 
not necessarily prove that they would utilize them when growing in cream 
or butter. Under different circumstances they might obtain their carbon 
from a more readily available source and leave the fats unhydrolyzed. 
These results establish the possibility of the utilization of the lower fatty 
acids by certain micro-organisms growing in cream. 

SUMMARY AND CONCLUSIONS 

1. In samples of commercial unsalted butter showing widely varying 
degrees of rancidity, the percentages of the total acid in the fat that, were 
volatile varied only slightly; there was no close correlation between the per¬ 
centages of the total acid in the fat that wore volatile and the degree of 
rancidity. 

2. The different organisms studied varied considerably in the percent¬ 
ages of the total fat acid that were volatile and non-volatile. The average 
percentage of the total acid of the fat that was volatile in the trials with 0. 
laciis was 1.9; with Myc. Upolylica, 8.4; with Ps. fluoresce ns, 14.7; with Ach. 
lipolyticum, 11.5 and with Ale. lipolyticus, 11.2. 

3. There was a relatively close relationship between the volatile and non¬ 
volatile acid values on the fat in all the trials with (‘ach organism, regardless 
of the age of the culture used for inoculating the cream, the incubation 
temperature or the degree of fat hydrolysis. 

4. Certain lipolytic organisms grew well in media in which a sodium or 
calcium salt of butyric, caproic or caprylie acid was the sole source of car¬ 
bon; others grew little or not at all in these media. 

5. 0 . laciis grew more luxuriantly in all of the synthetic media than any 
of the other organisms investigated. 
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HIGH-TEMPERATURE (STEAM-INJECTION) PASTEURIZATION 
OF CREAM FOR BUTTERMAKING 1 

W. M. ROBERTS, 2 S. T. COULTER and W. B. COMBS 
Dairy Division, University of Minnesota, St. Paul, Minnesota 

Pasteurizers especially designed to remove certain feed flavors from 
cream have been introduced recently by several manufacturers. All employ 
direct injection of steam into the cream for heating. By mixing the steam 
and cream under pressures above atmospheric it is possible to heat the cream 
to temperatures considerably above the normal boiling point. Rapid cool¬ 
ing is secured by evaporation brought about by drawing the heated cream 
into a chamber maintained below atmospheric pressure. Constituents of 
the cream volatile at temperatures below the boiling point of the cream are 
thus removed at least in part. 

Although claims have been made for equipment of this type relative to 
the destruction of micro-organisms, no published experimental evidence is 
available. McDowall (1) reported a considerably higher fat content in the 
buttermilk resulting from churning cream pasteurized in the Vacreator (a 
steam-injection, high-temperature pasteurizer) than in the buttermilk from 
cream pasteurized in the ordinary flash pasteurizer. 

The work herein reported was undertaken to compare the results secured 
using one type of high-temperature, steam-injection pasteurizer with those 
using the standard vat pasteurizer. Factors studied included efficiency in 
bacterial destruction, effect on fat losses in the buttermilk, and flavor and 
keeping qualities of the butter. 

DESCRIPTION OF EQUIPMENT 

A small, high-temperature, steam-injection pasteurizer built by the C. E. 
Rogers Company of Detroit, Michigan, of the same design as commercial 
equipment sold by the same company was made available to the Dairy Divi¬ 
sion of the University of Minnesota. This equipment was used for the work 
concerning the fat content of the buttermilk. Due to the ease with which 
it could be sterilized, the apparatus described by Coulter and Combs (2) 
was used for the work on bacterial destruction and flavor and keeping 
quality of the butter. This equipment was designed to operate on the same 
principle as the Rogers pasteurizer. As shown in figure 1, it consists essen¬ 
tially of a glass tube connected at one end by means of rubber tubing with 

Received for publication September 27, 1939. 

1 Data here presented are taken from a thesis submitted to the faculty of the Gradu¬ 
ate School of the University of Minnesota by W. M. Roberts in partial fulfillment of the 
requirements for the degree of M.S., 1938. Paper 1743 Scientific Journal Series, Min¬ 
nesota Agricultural Experiment Station. 

2 Dairy Industries Supplies Association fellow. 
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Fig. 1. Laboratory apparatus used for high temperature pasteurization. 


sources of cream and steam both under 50 to 60 pounds pressure, and at the 
other end by the same means to a flask upon which a partial vacuum can be 
drawn. 

The glass tube is 3 feet long and is made of standard 12-ram. 0. D. Pyrex 
tubing. The cream and steam enter the tube through the arms of a Y. 
Tubes drawn to a 3-mm. orifice are fitted into the arms of the Y in order to 
cause the cream and steam to meet as sprays. The rate of passage of the 
heated cream from the tube is regulated by a stopcock placed near the end 
opposite that at which the steam and cream enter. A thermometer is in¬ 
serted into the tube by means of a ground glass connection and is held in 
place by spring clips. Leaving the tube the cream enters a 6-liter Erlen- 
meyer flask through an opening about half way up the side of the flask. The 
vapors are drawn off and passed through a surface condenser and a partial 
vacuum maintained by means of a water aspirator. 

In operation steam under pressure is admitted to the tube and after flow 
is established the outflow is restricted by the stopcock until a temperature 
of at least 265° P. is reached. Cream under pressure is then admitted to 
the tube at such a rate as to maintain the temperature at 260° F. 

EXPERIMENTAL 

Lots of both sweet and neutralized sour cream were divided into two 
parts. One was pasteurized at 260° P. flash by the high-temperature, steam- 
injection method, and the other by the standard vat process at 160° P. for 
30 minutes. Other factors were held as uniform as possible. 

The efficiency of pasteurization. Many of the bacteria which survive the 
normal pasteurization process are proteolytic in nature. These organisms 
are not known to be an important factor in the keeping quality of butter. 
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However, it is reasonable to believe that insofar as deterioration of butter 
due to bacterial causes is concerned, a more complete elimination of bacteria 
than is possible with the methods of pasteurization now in vogue is desirable. 
The data secured in comparing the efficiency of the vat and higli-tempera- 
ture, steam-injection methods of pasteurization in bacterial destruction are 
shown in table 1. Plating one ml. of cream direct in the standard plate 

TABLE l 

Efficiency of high-tempera I are steam-in fed ion and vat pasteurization as indicated 
by bacterial count using standard plate method 


Sample No. 

Pasteurization 

temperature 

Before 

pasteurization 

After 

pasteurization 

Percentage 

killed 

Lot I—Sweet cream butter 

per ml. 

per ml. 


1 . 

2(50° F. 

253,000 

0 

100 

o ; 

260° F. 

253,000 

0 

100 

3. 

200° F. 

253,000 

0 

100 

4. 

200° F. 

253,000 

1 on (D)* 

100- 

5 

200° F. 

253,000 

1 on (D)* 

100- 

6. 

2(»0 L1 F. 

253,000 

0 

100 

7. 

160 3 F., 30 min. t 

253,000 

19 

99.99 + 

8 . 

100° F., 30 min. 

253,000 

20 

99.99 + 

Lot II—Sweet cream butter 

9. ! 200° F. 

92,000 

0 

100 

10 

200° F. i 

92.000 

0 

100 

11 

' 200° F. 

92,000 

0 

100 

12 

! 200° F. 

92,000 

0 

100 

13 

! 100° F., 30 min. ! 

92,000 

8,500 

90.8 

14 . 

160° F., 30 min. j 

92,000 j 

1.1,200 

87.9 + 

Lot III™ -Soui 

IB 

r cream butter 1 

260° F. 

231,000,000 ! 

0 

100 

2B 

260° F. 

231,000,000 

0 

100 

3B 

260° F. ; 

231,000,000 

0 

100 

4B 

260° F. 

231,000,000 

0 

100 

5B 

200° F. 

231,000,000 

0 

100 

6B 

260° F. 

231,000,000 

0 

100 

7B 

160 3 F., 30 min. ! 

231,000,000 

8,500 

99.99 + 

8B. | 

160° F., 30 rain, i 
1 1 

231,000,000 

7,800 

99.99 + 

Lot IV — Sou 
OB. 

i 

r cream butter j 

1 260° F. 

' 22,400,000 

0 

100 

10B . 

260° F. 

1 22,400,000 

0 

100 

11B. 

260° F. 

! 22,400,000 

0 

100 

12B. 

260° F. 

i 22,400,000 

0 

100 

13B. 

100° F., 30 min. 

22,400,000 

22,400,000 

410 

99.99 + 

14B. 

160° F., 30 min. 

! 350 

99.99 + 


* (D)—plated 1 cc. direct. 


count, no bacterial growth whatsoever was secured in 18 of the 20 trials with 
cream pasteurized at 2fi0° F. flash and in the other trials only one colony 
developed. The results demonstrate a marked superiority in bacterial de¬ 
struction by this method of pasteurization. Similar results should be se¬ 
cured by pasteurizing cream at the same temperature in commercial equip¬ 
ment : however, cream with a higher bacterial count may be expected due to 
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contamination following heating from contact with imperfectly sterilized 
equipment. 

Flavor and keeping quality of the butter . The cream was churned in 
sterile, Dazey type, glass churns. The butter granules were washed with 
sterile water and the butter worked by hand under conditions as nearly 
aseptic as possible. One-half the churnings were salted to contain about 2 
per cent salt and the others left unsalted. The butters were scored while 
fresh and after storage at 40° F. for 2, 8 and 12 weeks. Samples were taken 
for a standard plate count just prior to each scoring. 

The average scores of the butters made from each lot of sweet cream are 
shown in table 2, and from each lot of neutralized sour cream in table 3. 

TABLE 2 


Average scores of butter made from sweet cream pasteurized at 160 0 F. for 
SO minutes and at 260 0 F. flash 


Lot No. 

Pasteurization 


Score of butter 


temperature 

Fresh 

2 weeks 1 

1 month 

3 months 

I 

TJnsalted 

260° E. 

92 

i 

93 

93 

• 

Unsalted 

160° F., 30 min. 

92 

93 

93 

« 

Salted 

260° F. 

92 

93 

93 

90 

Salted 

160° F., 30 min. 

92 

93 

93 

90 

II 

Unsalted 

260° F. 

92.25 

91 1 

92.25 

92 

Unsalted 

160° F., 30 min. 

93 | 

* 

# 

« 

Salted 

260° F. 

93 

93 j 

93 

90 

Salted 

160° F., 30 min. 

92.5 

93 

93 

90 


* Surface taint—no scores. 


TABLE 3 


Average scores of butter made from neutralised sour cream pasteurized 
at 160° F. for SO minutes and at 260° F . flash 


Lot No. 

Pasteurization 

j Sco/e of butter 

temperature 

Fresh 

2 weeks 

1 month 

3 months 

I 

Unsalted 

260° F. 

90.67 

91.5 

90.0 

89.0 

Unsalted 

160° F., 30 min. 

90.0 

90.5 

90.0 

88.0 

Salted 

260° F. 

91.0 

91.18 

90.0 

88.0 

Salted 

160° F., 30 min. 

90.0 

91.0 

89.0 

87.0 

II 






Unsalted , 

260° F. 

90.75 

91.0 

90.0 

88.0 

Unsalted 

160° F., 30 min. 

91.0 

91.0 

90.0 

86.0 

Salted 

260° F. 

90.5 

93.0 

89.5 

88.0 

Salted 

160° F., 30 min. 

90.5 

90.0 

89.0 

86.0 


The method of pasteurization did not definitely affect either the initial score 
or the keeping quality of the butter. The butter made from the cream 
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pasteurized by tlie high-temperature, steam-injection method at 260° F. was 
uniformly criticized as having a slight cooked or custard-like flavor when 
fresh. This flavor was less apparent in the butter after storage. The 
butter judges were of the opinion that there was a less marked neutralizer 
and old cream flavor in the butters made from the neutralized sour cream 
pasteurized at 260° F. flash. This would be expected if any of the consti¬ 
tuents responsible for these flavors are volatile at a temperature below the 
boiling point of the cream, since the cream boils violently when released into 
the vacuum chamber of the high-temperature, steam-injection pasteurization 
equipment. Desirable flavors if volatile would also be partially removed. 
This factor was not demonstrated to be of importance in this work. 

The bacterial counts of the fresh and stored butters are shown in tables 4 
to 7. Despite a lower initial count in the unsalted butters made from the 


TABLE 4 

Bacterial count by standard plate method of fresh and stored unsalted butter made from 
sweet cream pasteurized at SCO* F. flash, and at 160° F. for SO minutes 


Churning 

No. 

Pasteurization 

temperature 

Bacterial count of butter 

Fresh 

2 weeks 

8 weeks 

12 weeks 



per 7nl. 

per ml. 

per ml. 

per ml. 

1 . 

260° F. 

0 

192 

3,900 

25,600,000 

5 . 

i 200° F. 

1 

T.N.T.C.* 

T.N.T.C.* 

21,600,000 

6 . 

! 260° F. 

•> 

0 

2,500 

4,600,000 

9 

i 200° F. 

: O 

180 

1,680 , 

3,500,000 

10 . 

! 260° F. 

: o 

4,200 

! 280 

290,000 

( . 

i 160° F., 30 min. 

I 9 

1,560 

T.N.T.C.* 

46,000,000 

13 

! 160° F., 30 min. 

! 350 

T.N.T.C.* 

680,000 

14,800,000 


* T.X.T.C.—Too numerous to count on highest dilution plated. 


TABLE 5 


Bacterial count by standard plate method of fresh and stored unsalted butter made from 
neutralized sour cream pasteurized at 260 ° F. flash and at 160° F. for SO minutes 


Churning 

No. 

Pasteurization 

temperature 

Bacterial count of butter 

Freni i 

Stored at 40° F. for 

2 weeks 

8 weeks 

12 weeks 



per ml. 

per ml. \ 

per ml. 

per ml. 

IB . 

260° F. 

0 

2,410 

175,000 

98,000 

2B . ! 

260° F. 

0 

400 ! 

89,000 

176,000 

3B . 

260° F. 

0 

80 i 

2 

25,000 

9B . 

260° F. 

1 

30,000 | 

310,000 

1,600,000 

10B . 

260° F. 

0 

20 | 

0 

1,000 

7B . 

360° F., 30 min. 1 

| 1,570 

300,000 1 

239,000 

1,400,000 

13B . 

160° F., 30 min. 

50 

50 

CIO 

Lost 


cream pasteurized at 260° F. flash, the counts after storage were not signifi¬ 
cantly different than in the unsalted butters made from the vat-pasteurized 
cream. Bacteria multiply so rapidly in unripened unsalted butter when 
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TABLE 6 


Bacterial count by standard plate method of fresh and stored salted butter made from 
sweet cream pasteurized at %60° F. flash and at 160° F. for 80 minutes 


Churning 

No. 

Pasteurization 

temperature 

Bacteria] count of butter 

Fresh 

Stored at 40° F. for 

2 weeks 

8 weeks 

12 weeks 



per ml. 

per ml. 

per ml. 

per ml. 

2. 

260° F. 

1 

0 

2 

200 

3. 

260° F. 

1 

6 

1 

100 

4. 

260° F. 

! o 

4 

0 

100 

11. 

260° F. 

0 

10 

21 

0 

12. 

260° F. 

31 

- 10 

19 

5 

8. 

160° F., 30 min. 

6 

310 

*> 

1,400 

14. 

160° F., 30 min. 

260 

27,200 

490,000 

30,000 


stored at 40° F. that a high count after storage is to be expected even with 
originally very low count butter. Even though cream can be rendered 
essentially sterile by high-temperature, steam-injection pasteurization, 
elimination of bacterial deterioration of unripened unsalted butter made 
from such cream cannot be expected unless contamination after pasteuriza¬ 
tion can be prevented. 

The initial count of the salted butters churned from the cream flash- 
pasteurized at 260° F. also was lower than that of the butters from the vat- 
pasteurized cream. The inhibiting effect of salt on bacterial growth was 
evident as in no case was there an important increase in count during stor¬ 
age. Consequently, the lower initial count of the butters from the cream 
pasteurized at 260° F. although doubtless desirable, was not in this work a 
factor in the deterioration of the butter. Although the results might have 
been different if highly salt tolerant micro-organisms had been present, they 
are indicative at least of what might be expected under commercial condi¬ 
tions. 

TABLE 7 

Bacterial count by standard plate method of fresh and stored salted butter made from 

neutralised sour cream pasteurised at 260° F. flash and at 160 ° F, for 30 minutes 




Bacterial count of butter 


Pasteurization temperature 

Fresh 

Stored at 40° F. for 

2 weeks 

8 weeks 

12 weeks 

260° F. 

per ml. 

1 

per ml. 

4 

per ml. 

10 

per ml. 

2 

260° F. 

1 

1 

0 

0 

260° F. 

0 

1 

0 

0 

260° F. 

0 

10 

6 

4 

260° F. . 

0 

20 

1 

2 

100° F., 30 min. 

1,450 

290 

260 

34 

160° F., 30 min. . 

62 

90 

35 

23 
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Fat losses in buttermilk . Sweet cream and neutralized sour cream were 
pasteurized at 260° P. flash, using the small Iiogers liigh-temperature, steam- 
injection pasteurizer, and other portions of the same cream at 160° F. for 
30 minutes by the vat method. After pasteurization the cream in each cast* 
was cooled, held over night and churned at 50° F. in a 64-gallon capacity 
Disbrow churn. The percentage of fat churned which was lost in the butter¬ 
milk from the various churnings based on the Normal Butyl Alcohol and 
Mojonnier tests is shown in table 8. In every case the fat lost in the butter- 


TABLE 8 

Per cent of fat lout in buttermilk churned from sweet and sour cream pasteurized at 
1G0 U F. for 30 minutes and at 260° F. flash 


Lot No. 

Pasteurization 

temperature 

Fat test of buttermilk 

Per cent* of fat churned 
lost in buttermilk 

Butyl Al. | 
test 

Mojonnier 

test 

Butyl Al. 
test 

Mojonnier 

test 


i 

i 

per out 

per cent 

per cent 

per cent 

Lot I 

: 160° F., 

30 min. 

! 0.40 

0.64 

0.93 

1.30 

| 260° F.- 

- I 

0.84 

0.88 

1.95 

2.04 

Sour cream 

, 260^ F.- 

-II 

1.02 

1.10 

2.37 

2.70 

Lot II 

1(50° F., 

30 min. 

0.9 

0.92 

1.65 

1.69 

! 260* F.- 

- I 

1.0 

1.55 • 

3.14 

3.24 

Sour cream 

1 200° F. 

-II 

j 1.0 

1.69 

3.35 

3.54 

Lot III 

Sour cream 

: 100° F., 

30 min. 

0.5 

0.59 

0.91 

1.06 

; 2(50° F.- 

- I 

1 J.O 

0.96 

2.29 

2.20 

; 260° >V 

-II 

! M 

1.00 

2.59 

2.29 

Lot IV 

: 160° F., 

30 min. 

0.6 

0.63 

0.78 

0.82 

I 260° F.- 

- I 

, 1.7 

1.01 

2.32 

2.19 

Sweet cream 

j 260° F.- 

-II 

! 1.6 

1.57 

2.18 

2.14 

Lot V 

' 160° F., 

30 min. 

; 0.5 

0.54 

0.94 

1.01 

I 260° F- 

- I 

1 1.5 

1.33 

4.57 

4.06 

Sweet cream 

2(10° F.- 

-II 

j 1.6 

1.44 

4.87 

4.39 


* In these calculations the weight of buttermilk was assumed as the weight of cream 
minus 1.2 times the weight of fat. 


milk from the cream vat-pasteurized at 160° F. was much lower than that 
from the cream flash-pasteurized at 260° F. The difference in actual fat 
loss was greater than the fat percentages indicate since there was some dilu¬ 
tion of the high-temperature, steam-injection pasteurized cream with con¬ 
densed steam. A part of the water added to the cream in the form of steam 
is removed by evaporation in the vacuum chamber. Theoretically if the 
cream is cooled in the vacuum chamber to the same temperature at which it 
entered the pasteurizer there would be no dilution. Due to heat loss, how¬ 
ever, some dilution occurs unless the cream is heated in the vacuum chamber 
to effect further evaporation. The dilution which occurred in the present 
work was greater than would result with large commercial equipment and 
based on the reduction in fat percentage varied from 5 to 15 per cent except 
for one churning in which the dilution was 26 per cent and another in which 
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it was 62 per cent. The fat loss percentages shown in table 8 have been cor¬ 
rected to compensate for the dilution. It is evident from the data presented 
that higher fat losses in the buttermilk may be expected using the high- 
temperature, steam-injection type of pasteurizer. McDowall (1) has re¬ 
ported similar results with the Vacreator. McDowall attributed the in¬ 
creased fat loss with cream pasteurized in the Vacreator to decrease in the 
size of the fat globules. Since the steam and cream are mixed under high 
pressure and since the flow of the heated cream is retarded by a valve in 
order to build up the pressure, some reduction in the size of the fat globules 
is to be expected. Whether this is the sole factor involved in the greater 
loss of fat in churning cream so pasteurized remains to be proven. 

There is some evidence that the fat globule “membrane** is altered to 
some extent by the high heat treatment to which the cream is subjected in 
the steam-injection, high-temperature pasteurizer. Buttermilk from the 
cream so pasteurized was observed to be much whiter in appearance than 
normal buttermilk. Tarassuk (3) found that the brownish tint of normal 
buttermilk was completely and irreversibly destroyed by heating the butter¬ 
milk to a temperature above 180-185° F. Palmer and Tarassuk (4) have 
pointed out that.the brownish tint of natural churned buttermilk is asso¬ 
ciated with the fat globule “membrane.** Tarassuk (3) presented some 
evidence which indicates that the constituent of the “membrane’* respon¬ 
sible for the brownish tint of churned buttermilk is associated with the pro¬ 
tein of the fat globule “membrane.** 

There is no proof nor any intention to suggest that high heat treatment 
of cream influences its chumability, but if, as appears to be the case, pas¬ 
teurization at 260° F. in the high-temperature, steam-injection pasteurizer 
affects the fat globule “membrane,** the possibility that the chumability of 
the cream is influenced thereby merits consideration. 

CONCLUSIONS 

1. Cream which was essentially sterile as determined by the standard 
plate count was secured from either sweet or neutralized sour cream by 
pasteurization at 260° F., using a laboratory model high-temperature, steam- 
injection pasteurizer. 

2. Salted and unsalted butter churned from such cream although having 
a slight cooked flavor while fresh received the same flavor score as butter 
churned from different lots of the same cream vat-pasteurized at 160° F. 

3. Despite lower initial bacterial counts neither salted nor unsalted 
butter churned from cream pasteurized at 260° F. in the high-temperature, 
steam-injection pasteurizer kept better in storage at 40° F. than butter from 
different lots of the same cream vat-pasteurized at 160° F. 

4. The fat lost in the buttermilk was much greater in churning cream 
flash-pasteurized at 260° F. in a small commercial high-temperature, steam- 



PASTEURIZATION OF CREAM FOR BUTTERMAKING 


323 


injection type pasteurizer, than in churning different lots of the same cream 
vat-pasteurized at 160° P. for 30 minutes. 

The authors wish to express thanks to the C. E. Rogers Company of 
Detroit, Michigan, for the loan of specially designed equipment used in these 
experiments. 
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OFFICIAL FLAVOR CRITICISMS OF DAIRY PRODUCTS 
JUDGED IN THE NATIONAL CONTEST 


G. M. TROUT, Ch., WILLIAM WHITE, 1\ A. DOWNS, 

M. J. MACK, and E. L. FOUTS 
Committee on Judging Dairy Products, A.D.R.A. 

This analysis of the official flavor judgments of the samples of butter, 
cheese, milk and ice cream scored in the Students ’ National Contest in the 
Judging of Dairy Products is made: 3, that coaches may appreciate more 
fully the flavors recurring most frequently in the various dairy products; 
2, that they may realize the association of or combination of flavors encoun¬ 
tered ; 3, that they may have an understanding of the relationship between 
the flavor quality of the product and the number of criticisms made, and 4, 
that the student may gain encouragement from the fact that although many 
specific off flavors are possible in dairy products, relatively few are actually 
encountered in the judging of normal salable dairy products. The period 
of the study extends from 1927, when ice cream was first introduced into the 
National Contest, to 1938, inclusive. During these twelve years, seven 
samples each of butter, cheese, milk and ice cream were judged per year. 

Prior to 1930, two or more official judges were selected to place scores 
and criticisms on each product. Their services were not continued from 
year to year, although one judge may have served more than one year. Be¬ 
ginning in 1930, with few exceptions, the official criticisms have been placed 
on the samples by a selected judge for each product, and, beginning in 
1932, two “coach” judges have assisted. Tf the three failed to agree in 
their judgment of the sample, that sample was not used in the contest. As 
noted in “History and Development of the Students’ National Contest in 
the Judging of Dairy Products” (1) the official judges have been retained 
in the same capacity each year, but the same “coach” judges have not been 
used continuously from year to year. Consequently the flavor criticisms 
placed on the samples should represent as reliable a composite judgment as 
it is possible to obtain. However, it must be borne in mind that in many 
cases specific flavor samples were selected for use in the contest and there¬ 
fore the percentage distributions reported herein may not apply to commer¬ 
cial products as a whole. 

BUTTER 

A study of the official flavor criticisms of butter from 1927 to 1938, inclu¬ 
sive, shows that an average of 1.87 criticisms were made per sample criti¬ 
cized, Sixty-seven, or 79.76 per cent, of the 84 tubs of butter scored were 
criticized on flavor. 

The distribution of the off flavors in butter are presented graphically in 
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figure 1. The data show that 22.4 per cent of the flavor criticisms were “old 
ci*eam”; 15.2 per cent “unclean”; 13,6 per cent “coarse”; 11.2 per cent 



FLAVOR CRITICISMS Of BUTTER 

Fig. 1. Distribution of official flavor criticisms of samples of butter judged in The 
Students J National Contest in the Judging of Dairy Products, 1927 to 3938, inclusive. 

“neutralizer”; 8.8 per cent “acidy,” and 8.8 per cent “burnt,” “cooked n 
or “heated.” These six flavors accounted for 80.0 per cent of all the flavor 
criticisms. The remaining 20 per cent was divided among “briny,” “feed , }} 
“flat,” “oily,” “fishy,” “storage,” and “garlic” criticisms, with 4.8. 4.0, 
3.2, 3.2, 2.4,1.6 and 0.8 per cent, respectively. 

In the above classification some associated flavor criticisms were grouped. 
For example, “stale” and “elieesy” were grouped w T ith “old cream,” 
“bitter” with “neutralizer,” “burnt” with “cooked,” and so on. 

Inasmuch as an average of 1.87• criticisms per sample criticized w r as 
noted, several combinations of flavor criticisms were made. Obviously, if 
but one criticism were used in the better grade of butter, then at least three 
criticisms must have been used in the poorer grades in order to maintain 
such an average. Combinations frequently noted were “coarse,” “acidy”; 
“old cream,” “unclean”; “neutralizer,” “old cream”; and “neutral¬ 
izer, ” “ old cream, ’ 1 and 1 * unclean .’ 1 

The butter was scored by L. S. Edwards and G. A. Gilbert in 1927 and 
1928; by L. S. Edwards and II. D. Reynolds in 1929; by H. D. Reynolds and 
O. A. Storvick in 1930; by H. D. Reynolds and L. I). Reekie in 1931; by C. 
E. Eckles assisted by coaches E. S. Guthrie and R. E. Roberts in 1932; 
by C. L. Pier assisted by coaches L. C. Thomsen and F, H. Herzer in 1933; 
and the remaining five years 1934 to 1938 inclusive by L. S. Edwards as¬ 
sisted each year by two of the following coaches: M. Mortensen, R, E. Rob¬ 
erts, S. L. Tuckey, E. S. Guthrie, L. C. Thomsen, C. M. Mecham, N. E. 
Fabricius, E. O. Herreid and S. T. Coulter. Thus the official judging was 
done during the period of this study by six official judges and 11 coach 
judges (1). 
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CHINESE 

During the twelve-year period from 1927 to 1938, inclusive, 59.5 per 
cent of the samples of cheese used in the scoring contests were criticized for 
flavor by the official judges. A study of the data shows that an average of 
1.38 flavor criticisms were made per cheese criticized. The distribution of 
those flavor criticisms is presented in figure 2. Of the many possible flavor 


40 , 



FLAVOR CRITICISMS OF CHEFSF 

Fig. 2. Distribution of official flavor criticisms of samples of cheese judged in The 
Students* National Contest in the Judging of Dairy Products, 1927 to 1938, inclusive. 

criticisms of cheese three seemed to command the major attention, namely, 
“unclean,” “bitter” and “aeidy,” which were present 37.7, 23.2 and 18.8 
per cent respectively, a total of 79.7 per cent. The remaining 20.3 per cent 
of the flavors was divided among eight other flavors, of which “fermented,” 
“green,” “rancid,” and “flat” predominated. Such flavors as “moldy,” 
“eowy,” “feedy” and “weedy” were encountered but little in the official 
samples. When only one flavor criticism was made on the sample, the criti¬ 
cism was generally “aeidy,” “bitter,” or “unclean.” If two criticisms 
were made then “unclean” with either “aeidy” or “bitter” were generally 
used. 

The cheese was judged in 1927 by G. N. Tobey and G. A. Gilbert; in 
1928 by G. N. Tobey, 0. A. Gilbert, and L. H. Marlatt; in 1929 by II. L. 
Wilson and William White; in 1930 by II. L. Wilson and J. W. Moore; and 
in 1931 by H. L. Wilson and W. E. Ayres. Since 1931 the cheese has been 
judged by H. L. Wilson assisted each year by two of the following coaches: 
W. H. Martin, E. F. Goss, P. A. Downs, G. M. Trout, F. W. Bennett, C. A. 
Jacobson, R. E. Roberts, S. T. Coulter, H. G. Lindquist, W. H, Sprolo, S. L. 
Tuckey, L. C. Thomsen, and K. R. Renner. A total of seven official judges 
and thirteen coach judges have placed judgments on the cheese scored from 
1927 to 1938, inclusive (1). 
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MILK 

During the twelve-year period from 1927 to 1938, inclusive, 88.1 per 
cent of the milk samples used in the national contests were criticized on 
flavor by the official judges. For each sample criticized on flavor an average 
of 1.27 criticisms was given. The percentage distribution of the off flavors 
noted in the samples is shown in figure 3. “Feed” and “cooked” flavors 



flavor criticisms or milk 

Fig. 3. Distribution of official flavor criticisms of samples of milk judged in The 
Students’ National Contest in the Judging of Dairy Products, 39127 to .1938, inclusive. 

dominated the criticisms with 35.11 and 19.14 per cent respectively, a total 
of 54.25 per cent. Following this group came the “unclean,” “flat,” 
“cowy,” “onion” or “garlic” and “weedy” flavors, with 7.44, 6.38, 6.38, 
6.38 and 5.32 per cent, respectively, a*total of 31.90 per cent. The remain¬ 
ing 13.85 per cent was divided among “malty,” “cardboard,” “bitter,” 
“sour” and “salty” flavors. 

Combinations of flavors were not so readily noted in milk as in butter 
and cheese. When used, however, “feed” was usually one of the flavors 
given, the combinations being “feed,” “salty”; “feed,” “unclean”; 
“feed,” “cowy”; and so on. 

The milk was officially judged in 1927 by It. J. Posson; in 1928 by C. J. 
Babcock and R. W. Bell; in 1929 by C. J. Babcock and C. S. Leete; in 1930 
by C. J. Babcock and Ernest Kelly; and in 1931 by C. J. Babcock and F. M. 
Grant. Since 1931 C. J. Babcock has been the official milk judge assisted 
each year by two of the following coaches*. G. M. Trout, L. M. Thurston, L. 
H. Burgwald, H. G. Lindquist, E. 0. Anderson, S. T. Coulter, W. H. Martin, 
E. L. Fouts, P. H. Tracy, F. J. Doan, T. B. Harrison and I. A. Gould. A 
total of 18 different judges have placed official judgments on the milk from 
1927 to 1938, inclusive (1). 

ICE CREAM 

During the twelve-year period from 1927 to 1938, inclusive, 80.95 per 
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cent of the official ice cream samples in the contests were criticized on flavor. 
For each sample criticized on flavor an average of 2.04 criticisms were given. 
The percentage distribution of the flavor criticisms of ice cream during this 
period are shown in figure 4. 



FLAVOR CRITICISMS OF ICE CREAM 

Fig. 4. Distribution of official flavor criticisms of samples of ice cream judged in The 
Students 9 National Contest in the Judging of Dairy Products, 1927 to 1938, inclusive. 

Four flavors, “old ingredient/’ “unnatural/’ “condensed or cooked,” 
and “lacks fine flavor” were noted in 23.02, 20.14, 17.20, arid 12.95 per cent 
of the samples, respectively, a total of 73.37 per cent. “Unclean” and “egg 
powder” ranked next in percentage incidence with 6.47 and 5.03 per cent, 
respectively. The remaining 15.13 per cent was about equally divided 
among “lacks flavoring,” “metallic,” “neutralizer,” “too sweet,” “high 
acid” and “miscellaneous,” being 2.87, 2.87, 2.87, 2.15, 2.15 and 2.15 per 
cent, respectively. 

Combinations of flavor criticisms were very frequent, as shown by the 
fact that when a eriticizable flavor was noted an average of two criticisms 
was given to describe it. Combinations which seemed to recur most fre¬ 
quently were “old ingredient” and “unnatural” or “lacks fine flavor” and 
“unnatural.” Occasionally, another flavor criticism, “unclean,” or 
“cooked,” “condensed” or “dry milk,” was used also with the combina¬ 
tions of the two previously mentioned. 

During the period'of the study the ice cream samples were officially 
judged one year by H. F. Judkins; two years by W. H. E. Reid; one year by 
P. H. Tracy; two years by A. C. Dalilberg and A. D. Burke; and the remain¬ 
ing seven years by A. C. Dalilberg assisted by two of the following coaches: 
P. H. Tracy, R. W. Smith, C. A. Iverson, E. L; Fouts, W. H. Martin, J. H. 
Erb, F. H. Herzer, P. S. Lucas, L. R, Dowd, P. A. Downs, G. M. Trout, and 
N. E. Fabricius, a total of 17 different judges (1). 

SUMMARY 

A study of the official flavor criticisms of butter, cheese, milk, and ice 
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cream samples used in the Students ’ National Contest in the Judging of 
Dairy Products during the period 1927 to 1938, inclusive, shows that rela¬ 
tively few flavor criticisms are used by the official judges, despite the rela¬ 
tively high percentage of samples criticized in that respect. 

Predominating flavor criticisms of butter were “old cream ,’’ “ncutral- 


‘ unclean,’ 


‘burnt” and “acidy”; of cheese, “unclean/ 


“bitter” and “acidy”; of milk , “feed,” “cooked” and “unclean”; and of 
icc cream , “old ingredient,” “unnatural” and “lacks fine flavor.” With 
the possible exception of milk, two or more criticisms were used to describe 
the flavor of the lower scoring samples. 

The result of this study and analysis of trends in official flavor judg¬ 
ments is in no way intended as a guide to future scoring, but merely to 
classify and make available the flavor criticisms for those who may not have 
access to the official scoring records. Inasmuch as the samples used were 
selected in many cases for a specific flavor, the percentages distribution 
reported herein may not necessarily apply to commercial products as a 
whole. However, the flavor criticisms encountered in these studies appear 
to be representative of those encountered in the commercial products 
throughout the country. 
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THE USE OP ANNATTO AS A TRACER IN CREAM FOR MANUFAC¬ 
TURING PURPOSES AND ITS DETECTION* 

C. W. ENGLAND 

Maryland Agricultural Experiment Station, College Park, Maryland 

AND 

N. E. YONGUE 

Health Department, Duttrxct of Columbia 

Many municipalities permit the importation and sale of two grades of 
cream, namely, cream for fluid consumption which has been separated from 
milk produced under the requirements for the production of fluid milk, and 
cream for manufacturing purposes, produced under less stringent require¬ 
ments. Cream for manufacturing purposes usually contains 40 per cent 
butt erf at and is often shipped from distant points* On most markets cream 
for manufacturing purposes can be purchased cheaper than cream produced 
for fluid sales. For economic reasons, some milk dealers may be tempted to 
obtain and use cream intended for manufacturing purposes for a part or all 
of their fluid sales. The use of manufacturing cream for fluid purposes not 
only constitutes a violation of a particular ordinance, but results in unfair 
competition between dealers and increases the surplus over fluid sales, thus 
reducing prices paid producers. 

The legal addition at the point of shipment of a denaturing agent or 
tracer to cream for manufacturing purposes would discourage the use of 
such cream for fluid purposes. Doan (3; reports that the State of Pennsyl¬ 
vania requires the addition of sugar or salt to cream and milk from unin¬ 
spected sources going into the manufacture of ice cream and butter, respec¬ 
tively. 

Alkaline annatto (vegetable cheese color) 1 is suggested as a universal 
tracer for addition to milk or cream intended for manufacturing purposes. 
The addition of 2 ml. of annatto to 30 gallons of cream is recommended. 
Two ml. in 10 gallons is equivalent to 1 part in 18,027. This concentration 
of annatto does not cause any perceptible change in color nor any change in 
flavor of the cream. A slight difference in color can be noted only if exceed¬ 
ingly careful comparisons are made. Annatto is easy to add and its presence 
in cream can be readily detected. 

It is recommended that the annatto be added to the cream while in the 
pasteurizer* This method of addition permits thorough mixing and avoids 
the possibility of spilling annatto on the cans. Annatto may be added di¬ 
rectly to the cream in cans. When added in this manner, considerable care 

Becelved tor publication October 9, 1939. 

* Paper No. 502 in the Scientific Journal Scries of the Maryland Agricultural Experi¬ 
ment Station. 

i Hereinafter referred to as annatto. 
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must be exercised to gel exactly 2 ml. in each 10 gallons and to thoroughly 
agitate each can after the addition of the annatto, to insure proper mixing. 
Care should also be exercised to prevent spilling annatto on the cans, thus 
causing an untidy appearance. 

DETECTION OF ANNATTO 

A method for the detection of annatto in milk and cream is given in the 
A. 0. A. C., 4th Edition (4). This method has proven satisfactory on milk 
and on low testing cream. However, experimental work done at this station 
has shown this method is not satisfactory when applied to 40 per cent cream 
because of the high ratio of fat to casein. It was therefore necessary to 
devise a method for the detection of annatto in 40 per cent cream. 

METHOD 

Transfer 10 ml. of ethyl alcohol to a glass-stoppered flask, and add .10 ml. 
of the prepared cream sample. Shake vigorously for 20 seconds. Add 20 
ml. of aviation grade gasoline 2 (without lead). Shake vigorously for 20 
seconds. Add 0.5 ml. of formaldehyde and shake a few seconds. Transfer 
to a centrifuge tube and centrifuge in an unheated machine for 30 minutes 
at the speed (or faster) recommended for the Babcock test. By means of a 
pipette withdraw the alcohol-serum layer and transfer it to a small beaker. 
A piece of rubber tubing attached to the pipette will permit the operator to 
hold the tube before the eyes and thus observe when all the scrum has been 
drawn into the pipette. Fold a 4 cm. Whatman No. 3 filter paper and place 
in a small (1 inch) funnel. Saturate the paper with NaOH immediately 
before use by placing 1 ml. of 5 percent NaOH in the filter allowing it to 
run through. Filter the solution through the prepared paper. Do not allow 
the filter to become empty until filtration is complete, otherwise filtration 
will be slowed up by increased viscosity and by gumming of the filter. Open 
the paper and wash with a gentle stream of water. Dry the filter with or 
without heat. Treat paper with a few drops of a 10 per cent aqueous solu¬ 
tion of SnCl 2 • 2H 2 0 (containing sufficient concentrated HC1 to make the 
solution acid and a small amount of metallic tin to keep the solution re¬ 
duced). Dry the paper without heat and examine by transmitted light. 
The appearance of any pink coloration confirms the presence of annatto. 
The test requires two hours to complete and is sensitive to 1 part in 500,000. 

EXPERIMENTAL AND DISCUSSION 

The cream used in this work contained 37 to 43 per cent fat. Ten sam¬ 
ples of annatto as supplied by 5 manufacturers were used. Since alkaline 
annatto dyes the casein in the cream, the essential problem was to extract 
the annatto and obtain it in concentrated solution. It was also necessary 

2 73 Octane was used in this work. 
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simultaneously to separate the fat to aid in breaking the emulsion, and to 
promote alcohol-serum separation. 

Extraction of fat and annatto . On standing, or after centrifuging, the 
mixture will consist of three separate layers. The gasoline merely extracts 
the fat from solution and with the fat rises to the top of the mixture. The 
middle layer consists mostly of casein. The lower layer contains the alcohol, 
serum, and annatto if present. Obviously, annatto must not be soluble in 
the fat solvent, and fat must not be soluble in the annatto solvent. Fat sol¬ 
vents experimented with included carbon disulphide, benzene, xylene, tetra 
chloroethane, carbon tetrachloride, chloroform, acetone and petroleum ether. 
Annatto solvents experimented with included ethyl, methyl, and tertiary 
butyl alcohols. The solubility of annatto in a number of other alcohols was 
nil or slight. 

Formaldehyde. The use of formaldehyde is not necessary. It does, 
however, harden the casein layer sufficiently to prevent it from disintegrat¬ 
ing when inserting the pipette and thus permits easier removal of the 
alcohol-serum layer. 

Speed of centrifuging. If time is not a factor, centrifuging is not neces¬ 
sary. Definite separation will occur if the mixture is permitted to stand 8 
hours. When separation is accomplished by gravity, the use of a separatory 
funnel is recommended to permit drawing off the serum-alcohol layer. 
When testing cream, centrifuging 30 minutes at Babcock speed is sufficient. 
Higher speeds can be used satisfactorily and are necessary when testing 
highly stabilized ice cream mixes. 

Filtration. During filtration tbe fibers of the filter paper absorb the 
annatto. The absorptive powers of different papers vary. Twenty-four 
grades of paper were used. Of these, Whatman No. 3 gave the best results. 
A 4 cm. paper is used to concentrate the annatto within a relatively small 
area. When milk serum is made alkaline, its viscosity increases and it be¬ 
comes slightly adhesive. If the filter is permitted to become empty during 
filtration the sodium hydroxide in the paper tends to form an adhesive sub¬ 
stance with the serum and to clog the paper. For most rapid filtration it is 
recommended that the filter be not permitted to become empty. After -wash¬ 
ing any gummy material from the filter, the paper will be dyed a straw 
yellow, providing annatto is present in a concentration greater than 1 part 
in 150,000. In greater dilutions there will be no apparent change in the 
color of the paper. 

Drying the fitter. After washing, the filter paper may be permitted to 
dry or if desired may be dried by means of a hot plate. However, care must 
be taken to prevent scorching or charring. After treatment with stannous 
chloride a pink coloration may be observed immediately providing the con¬ 
centration of annatto was greater than 1 part in 250,000. When annatto is 
present in lower concentrations, it is necessary to dry the paper without heat 
and to examine it for traces of color by means of transmitted light. The 
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light source consisted of an ordinary 60 watt lamp placed 4 inches from a 3 
cm. hole cut in cardboard. The color, when present, becomes more apparent 
after 8 to 12 hours. 

Standardization of annatto. Attempts to determine a minimum stand¬ 
ard strength of annatto for use as a tracer in cream by comparisons with a 
standard color solution have not proven successful. Various annatto solu¬ 
tions were diluted in tenth normal sodium hydroxide to the same concentra¬ 
tion, and were compared in a Bausch and Lomb colorimeter. Some of the 
diluted solutions appeared identical, yet when the undiluted solutions were 
added to cream to make a concentration of 1 part in 500,000, it was not pos¬ 
sible to detect the presence of certain brands of annatto. Dilute annatto 
solutions which appeared identical on examination in the colorimeter were 
then examined in a photometer. When two matched dilute solutions pre¬ 
pared from the same annatto solution were compared, the photometer indi¬ 
cated they were identical. When any two matched dilute solutions prepared 
from different annatto solutions were compared, the photometer indicated 
they were nearly identical in some instances and widely different in other 
instances. These results indicate that the various annatto solutions used 
contained at least two different dyestuffs present in different; proportions. 
These different proportions, however, resulted in the same apparent color as 
determined in the colorimeter. It has also been shown by Barnicoat (1) 
by Carrie (2) that commercial annatto is a mixture of two or more dyestuffs 
and that the mixtures are not always in the same relative proportions. The 
substance producing positive results in the test outlined is probably the 
potassium salt of norbixin. 

It is recommended that standardization of annatto for use as a tracer in 
cream be based on its detection in cream by the method outlined, the annatto 
to be of such strength that its presence can be detected in 40 per cent cream 
when diluted with 40 per cent cream to 1 part in 500,000. One of the 10 
samples of annatto used could not be detected in cream when diluted with 
cream to 1 part in 500,000. 

When annatto is added to cream in the ratio of 2 ml. to each 10 gallons, 
then 10 gallons of such cream would have to be mixed with more than 260 
gallons of cream not containing annatto in order to produce a cream in 
which the annatto present could not be detected. The possibility of detect¬ 
ing annatto in cream in this extreme dilution would deter most 4 ‘would-be * 9 
unethical milk dealers from using manufacturing cream for fluid sales. 

Quantitative determination of annatto. The qualitative test for annatto 
can be made roughly quantitative by a comparison of the color obtained on 
the filter paper with colors obtained from known concentrations. When 
annatto is present in concentrations greater than 1 part in 100,000 the prod¬ 
uct should be diluted with cream to produce a less brilliant color, and the 
dilution factor used in the calculation of concentration. Dilution to the 
limit of sensitivity can also be applied in determining concentration. 
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Effect of various factors on the test. The effect of length of time of 
storage, freezing, acid production, neutralization, heat, and homogenization 
on the sensitivity of the test were studied. 

Samples of cream containing various concentrations of annatto were 
treated as follows: 

(a) Stored for a period of 2 years at 0° and 29° F., respectively. 

(b) Permitted to sour until the per cent acid ranged from 0.10 to 0.80 
and pH ranged from 6.6 to 4.3. 

(c) Samples ranging in acidity from 0.11 to 0.80 per cent were neutral¬ 
ized to 0.10 per cent acid, using sodium sesquicarbonate. 

(d) Heated to 190° F. and held for 10 minutes. 

(e) Homogenized at 145° F. up to 4,000 lbs. pressure per square inch. 
The annatto was as readily detected in all samples treated as indicated 

as it was in freshly prepared samples containing the same concentrations of 
annatto. 

summary 

Annatto (vegetable cheese color) is recommended as a universal tracer 
for use in cream intended for manufacturing purposes. A test for the de¬ 
tection of annatto in cream has been devised. This test is based upon the 
simultaneous extraction of fat with gasoline and extraction of annatto with 
alcohol, removal of alcohol-serum by centrifuging, absorption of annatto by 
an alkaline filter, and confirmation with stannous chloride. The sensitivity 
of the test is not affected by length of time of storage, freezing, acid produc¬ 
tion, neutralization, heat, or homogenization. The test is sensitive to 1 part 
annatto in 500,000 parts of cream. 
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addenda 

Regulations of the Health Department of the District of Columbia as 
approved by the Commissioners of the District of Columbia March 7, 1939, 
require the addition of 4 ml. of annatto to each 10 gallons of milk, cream or 
ice cream mix shipped into the District of Columbia to holders of Manufac¬ 
turer’s Permits. Proposals for changes are now- before the commissioners 
to reduce the amount of annatto to 2 ml. for 40 per cent cream, 1 ml. for 20 
per cent cream, milk and ice cream mix. 
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MILK ENERGY YIELD AND THE CORRELATION BETWEEN PAT 
PERCENTAGE AND MILK YIELD 

W. L. GAINES 

Illinois Agricultural Experiment Station , Urbana, Illinois 

There is a considerable literature on the correlation between fat percent-* 
age and milk yield and its meaning. Krizenecky (1) compiled the pub¬ 
lished results up to 1934 for various breeds of cattle in America and Europe. 
He gives the following summary for 58 sets of data: 



j Minimum 

j Maximum 

Average 

Variability in milk yield, V M . 

| 31.00 

i 31.73 

21.67 

Variability in fat percentage, V ( . 

... | 3.83 

12.09 ; 

I 8.58 

Coefficient of correlation, r M * . 

| -.016 

| — .500 

| - .199 


The values under minimum do not necessarily, or probably, represent a 
single set of records; likewise under maximum. Krizenecky seems to feel 
that the average figures may be taken as typical of the results as found in 
practice for the two variables, fat percentage and milk yield. 

The purpose of the present paper is to develop an estimate of the ex¬ 
pected value of r Mf on the basis of the theory that milk yield is inversely 
proportional to milk energy per unit milk, or milk-energy yield is indepen¬ 
dent of milk composition. It is necessary to use some approximations in 
this development. The purpose is not to develop a means of computing r 
but to develop a means of testing whether or not the constant energy theory 
holds good in data where the available figures are limited to the above sta¬ 
tistical constants (plus mean fat percentage, f). This, again, is not to be 
taken as a substitute for direct determination of the relation between fat 
percentage and milk-energy yield where the necessary observations are avail¬ 
able. It is a matter of connecting fat percentage* with milk-energy yield 
where only the statistical constants, V f , V M , f and r Mr are given. To use 
Krizenecky 7 s average figures we shall have to assume a value for f but this 
does not detract too seriously in the outcome. 

MILK-ENERGY YIELD AND r Mf 

Milk energy per unit of milk may be estimated 1 as directly proportional 
Beceived for publication September 19, 1959. 

i The estimate of milk-energy yield is commonly made in terms of 4 per cent milk 
(FCM) by the formula FCMs=M(.4 + .I5f) or some modification of that formula (2, page 
405). Bearing on the accuracy of the estimate may be cited 107 observations (4-week 
periods, Holstein cows) by the Pennsylvania Institute of Animal Nutrition in which milk- 
energy yield was directly determined by calorimetry. The coefficient of correlation be¬ 
tween the determined caloric yield and FCM yield computed by the above formula from 
the directly determined milk and fat yields works out to be .997. The range in actual 
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to 2§ -I- f. If we have a set of records of milk yield and fat percentage for a 
population of cows in whicli the trend of milk-energy yield is horizontal 
when plotted against fat percentage, r F cMf -0, the regression of milk yield on 
fat percentage is given by the equation, 


M- 


K 

2£ if 


( 1 ) 


in which K is a constant representing the average milk-energy yield of the 
particular population. Equation (1) when plotted gives a curved line as 
illustrated diagrammatical]y in figure 1. The slope of the line varies through¬ 
out its course according to the equation, 


dM_K __ , 4 „ 

df ~ m * f) a w 

To the same set of records let us fit a straight line by the method of cor¬ 
relation. This straight line will cut the curved line of equation (1) some¬ 
what as shown in figure 1, and its slope, S, will be, 


S = r M f 
.dM. 


<7r 


(3) 


The symbol, S, is used m place of ^in equation (3) to avoid possible con¬ 
fusion with the ^ of equation (2). 

The slope of the two lines will be equal at or near the mean fat percent¬ 
age. Let us say the slopes are equal at the mean fat percentage, then, from 
equations (2) and (3), 

<T f K 


~r Mf = 


*m (2f + f) 2 


(4) 


a V f i' __ 

In place of — we may write in which M is the mean milk yield of 

0m V m M 

K 

the particular population. As a close approximation we may say M ~ ~ 

2J 4 f 

neglecting the small difference that exists as shown in figure 1. Substitut¬ 
ing in equation (4) and rearranging we have 

VfF 2f f f K 
rM, “V„ K (2» + f)» 

Note that K cancels out. The relation is independent of the absolute value 
of K, or average level of milk-energy yield in the particular population. 
We have then the equation, 

v, ¥ 

_ ® 

milk-energy yield per cow per day is from 1700 to 39850 calories. Holstein cows may yield 
as high as 88000 calories per day by 4-week periods. If the range used covered 0 to 
88000 calories the coefficient of correlation would undoubtedly build itself up still closer 
to unity. 
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as an approximate expression of the correlation between fat percentage and 
milk yield in any set of records in which milk-energy yield is independent of 
fat percentage, r F oMf=0. Conversely, if in a certain population the ob¬ 
served correlation between fat percentage and milk yield is substantially 
that given by equation (5), the constant energy theory holds good for that 
population. 2 

This converse phase is of special interest because the published results of 
investigations on the correlation between fat percentage and milk yield often 
do not include a direct computation of the correlation between fat percent¬ 
age and milk-energy yield, or the original data in sufficient detail for a direct 
computation; but the statistical constants involved in equation (5) may be 
included. If application of equation (5) to these constants gives a larger 
negative value to r Mf than that found directly from the observations, it indi¬ 
cates a positive sign for r F cMf; while a smaller negative value indicates a 
negative sign for r FC Mf- If the difference between the direct r M t and the 
r Mf by equation (5) is small it is proof that r FCMf is of small magnitude. 

MILK-PROTEIN YIELD AND r Mf 

The relation between milk-protein yield and milk-energy yield is so 
nearly one of direct proportionality (3) that it is probable milk-protein yield 
could be substituted for milk-energy yield in the above development. Per¬ 
haps milk-protein yield is representative of the mammary machinery operat¬ 
ing in the process of lactation, while milk-energy yield is representative of 
the work done by the lactating cow. The estimate of milk-protein yield 
from known milk and milk-fat yields is subject to greater error than is the 
similar estimate of milk-energy yield, and this, in the absence of direct pro¬ 
tein determinations, favors the use of milk energy rather than milk protein. 


DISCUSSION 


Returning to Krizeneeky’s summary of 58 sets of records with respect to 
fat percentage and milk yield and the correlation between them, we find a 
range of r M r from - .016 to - .506. At one extreme is a set of records in 
which fat percentage and milk yield are independent (r M f--.016) ; at the 
other extreme a set in which (perhaps) fat percentage and milk-fat yield are 
independent. 3 


2 According to equation (5) we expect to find a larger negative value for r M < in a 
population of high-testing cows (as Jerseys) than in a population of low-testing cows (as 
Holstoins). Observed facts agree with this expectation. 


By a development similar to that of equation (5) we find ivr - 


Vf 23 _ 
V* 23+f* 


The 


expected (on the constant enorgy theory) correlation between fat percentage and milk-fat 
yield is positive and smaller numerically than that between fat percentage and milk yield, 
where V v = V M and ?> 2$. Observed facts agree with this expectation. 

s If fat percentage and milk-fat yield are independent, ~ 0, we find by approxima¬ 
tions similar to those of equation (5), -r Mf = V t /V M . Krizenecky does not give V f and 
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The average of the correlations is r M f = - .20. Applying equation (5) to 
the average figures (assuming f = 4) we find an expected correlation of 
ran =-.24. Using the average figures the observed and expected correla¬ 
tions are in good enough agreement (- .20 vs. - .24) to say that, typically, 
the constant energy theory holds good. The range found in r M f indicates 
the typical relation, is subject to a good deal of disturbance in the various 
sets of records as observed. These disturbances are presumably of an arti¬ 
ficial nature, operating in either direction at random. 

Stated (somewhat theoretically) another way, the populations of rMf, 
r Ff , and r PC Mt each fall into a normal distribution curve; r M t with its mode at 
- .24; r Pf , at + .16; r PC Mf, at zero. 

As to the low value of r M f, -2, equation (5) suggests that this is asso¬ 
ciated with the low ratio of variability in fat percentage to variability in 
milk yield. If we could eliminate the variability in milk yield due to factors 
other than composition of the milk and deal with a population of cows, 
embracing a wide range of fat percentage we might find V f = V M and by 
equation (5) if f = 4, expect 4 to find r M f = -.6. 

The fact that the correlation between fat percentage and milk yield is low 
does not detract from its biological significance or warrant its neglect in a 
practical breeding philosophy . 5 For biological purposes (nutrition, ge- 

V M definitely for the particular set of records in which r Mf = - .506 and we can only say 
(approximately) that r vt = 0 in this set of records if V t /V M = .506. 

* In an actual case (2, page 423) dealing with average records for several years 
(instead of annual records) of individual cows we find V r /V M = .6 (instead of .4 as usual 
in annual records) and r Mf = -.44 (expected, r Mf =-.36). The point is that, dealing with 
records, as between individual cows, on the basis of the average of several years has 
reduced variability in milk yield and has not changed variability in fat percentage appre¬ 
ciably, as compared with single-year records. As expected (on the constant-energy theory) 
we find a relatively large observed value for rut. 

There is a limit a.t which equation (5) breaks down. For example, if V f /V M = 2 
and F=4 equation (5) gives r Mf = -1.2. Evidently the approximations fail us too badly 
at some point. However, experience with numerous actual sets of records in which r M r, 
rr f and Xvout are directly computed shows that equation (5) gives sensible results. Indeed, 
it serves as a rough check on the accuracy of the arithmetic of the computations. 

5 An adequate discussion of the genetic and other biological implications of the corre¬ 
lations cannot be attempted here. The commonly low observed value of r M f has given 
rise to the breeding philosophy that fat percentage and milk yield are independent. If 
such a philosophy were sound it would be very essential to breed cows giving milk of high 
fat percentage since, other things being equal, a 6-per-cent cow would yield as much milk 
as a 3-per-cent cow and twice as much milk fat! Only in a strain giving milk of high 
fat percentage could we hope, under such a philosophy, to attain maximum yield of milk 
solids or milk energy. It is true, of course, that as between various cows the yields of 
milk and various milk constituents (milk, water, protein, fat, lactose, ash, solids, calories) 
are all highly correlated one with another. If we accomplish an increase in the yield 
of any one we almost inevitably accomplish an increase in the yield of each of the others. 

A particularly elusive feature of the relation between fat percentage and milk yield 
appears in dealing with the regression of fat percentage on milk yield. If r Mf = - .2, 
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Fig. 1. Diagram in explanation of the derivation of equation (!>). 

The abscissas represent fat percentage; the ordinates, milk yield. The stippling 
represents the area of a population, but it not intended to represent density of population. 

The curved regression line has the equation, M ~24~Tf* ** * s to ^ 1C 

records of the population by least sguarcs, K-FCM/.15 or Kt (20/3)FCM, the symbol, 

FCM, indicating the mean of the individual FCM yields of the population. M and FCM 
are reckoned in the same unit of weight. All points on this curve have the same milk- 
energy value and hence it is referred to as a constant energy curve. The theory that this 
curve represents the typical regression of milk yield on fat peicentage, as between com¬ 
parable individual cow records, is referred to as the constant energy theory. Milk energy 
yield and PCM yield are used interchangeably, as justified in footnote 1. 

The straight regression line has the equation, M-a I ^ ,s fitted to the 

individual fat percentage milk yield points of the population by the method of correlation 
or least squares. The cuive of this equation, so fitted, must go thiough the means of fat 
percentage and milk yield, marked m the diagram by a cross. It frequently happens in 
actual eases that the linear regression cuts M = 0 below f “10. Obviously in such cases 
the linear regression will not bear extrapolation to f~10. This suggests that regression 
within the population limits of f may be cunilinear, after the order of the constant 
energy curve. 

The constant energy cur\e, cuts the mean milk yield at the weighted mean fat per¬ 
centage, 2Mf/2£M. The correlation or stiflight line vogiession cuts the mean milk yield 
at the unweighted fat percentage, 2f/n or f as symbolized. There is a small difference 
between the two averages and accordingly the constant energy curve does not go through 
the cross in the diagram. 

In developing equation (5) it is assumed the two regression linos have the same slope 
at the unweighted mean fat percentage. It is also assumed that milk yield by the equation 
of the constant-energy curve at the unweighted mean fat percentage is the same as the 
actual mean milk yield of the particular population, neglecting the existing small differ¬ 
ence, which amounts to less than .5 per cent of the mean milk yield. If these approxima¬ 
tions are accepted equation (5) follows rigorously. The converse follows, if somewhat less 
rigorously at least with great assurance in natural data: if the correlation between fat 
percentage and milk yield in a particular population of records conforms to equation (5) 
the constant energy theory holds good for that population, that is rjcMf = 0. 
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netics, etc.) we need a measure of milk yield which is independent of milk 
composition. Such a measure is afforded by milk-energy yield. It is not 
afforded by milk yield itself. It is not afforded by milk-fat yield. 

SUMMARY 

The theory that milk yield, so far as affected by fat percentage (or milk 
composition), is inversely proportional to milk energy per unit of milk (or 
milk-energy yield is independent of milk composition) is used to develop the 
expected coefficient of correlation between fat percentage and milk yield, 

V 7 

r Mf . On this theory it develops that - r M r - ” where V is variability 

^ Vm 2$ + f 

and f is mean fat percentage. For V f /V M = .4 (the usual value as r M f 
has been generally derived) and f = 4 the formula gives r Mf = - .24. The low 
value of r M f found in practice is in keeping with the constant energy theory, 
and does not detract from its biological significance or warrant its neglect in 
a practical breeding philosophy. 
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oft = .3 and om = 3000 pounds the regression coefficient is - .00002, that is, an increase of 
5000 pounds in milk yield is accompanied by & decrease of only .1 in fat percentage. This 
seems to be practically negligible. 

In the biological use of the convenient term “fat percentage” it should always be 
held clearly in mind that fat percentage is a number expressing the average rate of milk- 
fat secretion, as a part, relative to the average rate of milk secretion as a whole. 



BLOAT IN DAIRY CATTLE* 

T. M. OLSON* 

Dept, of Dairy Husbandry, South Dakota State College, Brookings, S. D, 

The danger from bloat lias been an important deterrent in pasturing 
legumes, especially alfalfa, red clover, and sweet clover. These legumes 
have proven excellent for grazing, where they can be established without 
too great an initial cost. The carrying capacity, palatability and effect on 
the flavor of milk of legumes have been favorable to their vise. However, the 
danger of losing animals from bloat has kept many farmers from pasturing 
legumes more generally than is practiced at present. 

Despite the fact that bloat, hoven or tympanitis has been recognized for 
a long time, very little experimental evidence is available as to the cause or 
of infallible preventive measures. A large number of preventive measures 
has been reported in the literature. These measures may prove successful 
in some communities under certain conditions, while not effective under 
similar conditions in other communities. Even on adjoining farms the 
same preventive measures may not be equally effective. Bloat may be prev¬ 
alent some years and show no evidence in others, for instance for sev¬ 
eral years no bloat was experienced with cows on experimental legume 
pastures at South Dakota State College. The cows were fed grain, and not 
allowed to go on the pastures when hungry. This practice proved effective 
as a preventive measure against, bloat for several years but in later years 
the cows bloated on both alfalfa and sweet clover pastures although the 
management of the cows had not been changed. The same pasture plots 
were used and the cows were fed grain before turning on the pastures as in 
previous years. 

REVIEW OF LITERATURE 

Bloat occurs more frequently on alfalfa and red clover than on sweet 
clover and according to some was not the same when diagnosed (1). Others 
have found that bloat may be caused by any kind of feed, such as spoiled 
silage, roots, etc. (2). When red clover is cut and fed as a soiling crop it 
reduces or eliminates the danger from bloat which attends its use as a pas¬ 
ture (3). The bloating of cattle from alfalfa in Argentina is not considered 
a very serious menace when rock salt is available at all times (4). Sheep 
are less likely to bloat on alfalfa which is mature than on young succulent 
growth (5). Data from 431 farms which had pastured sweet clover for an 
average of nine years, with 9884 cattle, 15,721 head of sheep, reported bloat 

Received for publication September 25, 1989. 

# Journal Series No. 127, South Dakota Agricultural Experiment Station. 

1 The writer is indebted to Allen Evans, and Leland Manley for conducting the gas 
analyses, and to Dr. G. 0. Wallis for helpful suggestions in setting up the gas analyses 
apparatus. 
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occurred on 35 farms or nine per cent. The losses were no greater than 
might be expected from other causes. The losses were greater in irrigated 
and the more humid sections. Few cases of bloat were reported from pas¬ 
turing the first year’s growth of sweet clover (6). A survey indicated that 
bloat on sweet clover was worse when the young growth from the second 
year sweet clover is soft and succulent (7). Welch, March and Tunnicliff 
(8) report the results of a survey on the occurrence of bloat in sheep and 
cattle pastured on sweet clover. This report indicated that a thick luxuri¬ 
ant stand is more likely to produce cases of bloat than a scattered more 
stemmy growth. They found that cattlemen may expect a loss of less than 
1 per cent on sweet clover pasture, and sheepmen may expect a loss of about 
0.5 per cent. No particular system of managing the stock on the pasture 
seemed to have any influence on bloat occurrence. 

Viljoens (9) defines acute tympanitis or hoven, “as an abnormal accumu¬ 
lation of gases in the large stomach producing great distention of the organ 
with subsequent paralysis of its walls.” The causes are: 1, Accumulation 
of gases naturally formed as the result of obstruction in the gullet; 2, exces¬ 
sive formation and accumulation of gases in the stomach owing to causes 
originating in the stomach itself—(a) food stuffs easily fermented, (b) too 
rapid and too large consumption of green food, (c) wet, wilted, lucerne or 
other green food. Veech (10) states that bloat or hoven in cows is due to 
succulent foods eaten under certain conditions which cause the formation of 
large quantities of gas in the rumen or paunch, and in consequence the 
swelling of the left flank. It is most often seen when cattle are turned 
hungry on to such succulent green feed as lucerne, clover, trefoil, etc., or 
when cattle gorge themselves on wet grasses or herbage. He found that 
some cattle seem to be more subject to bloat than others. Healy and Nutter 
(11) attribute bloating to the sugar in the blossoms of plants. Their 
analysis showed that red clover blossoms contained 3.6 per cent sugar, alfalfa 
blossoms 2.8 per cent, and white clover blossoms 2.4 per cent, whereas the 
leaves of clover and alfalfa contained less than 1 per cent of sugar. When 
the clover blossom were ground and mixed with distilled water and held at 
a temperature of 37° C. for 24 hours they found an active fermentation took 
place. At the end of this period 45 per cent of the volume of the original 
clover-blossom mass of carbon dioxide, had formed. Ohman (12) found 
that bloat was brought about by excessive ingestion of easily fermenting 
foods, e.g., clover, lucerne, peas, and quick growing cereal crops. Dixon 
(13, 14) states that, “acute bloating of ruminants, cattle particularly, may 
occur at any time from a variety of causes but most commonly through turn¬ 
ing hungry cattle on to luxuriant green feed, or on to herbage country, after 
heavy rains and when the young herbage is making rapid growth.” The 
editor of the “Queensland Journal” (15), in discussing bloat, attributes the 
cause to the filling of the paunch with gas, which causes paralyses of the 
muscles of the paunch, and inhibits peristalsis, which aids in belching or 
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expulsion of the gases from the stomach. He states, “It is possible that the 
cyanoglucoside content of the plant is a contributing factor to gas forma¬ 
tion.” “Hoard’s Dairyman” (16), in an editorial, asserts that bloat ap¬ 
pears more frequently in May and June and late fall, and that young ani¬ 
mals are more subject than old animals, cattle and sheep more susceptible 
than horses, and hungry animals more susceptible than well-fed animals. 
Legumes wet with dew or rain, or frosted or wilted are likely to. produce 
bloat. Plants grown on poor soil and low in minerals, notably lime, may be a 
factor in causing bloat. The editorial assorts further that, “The embryonic 
cells of the rapidly growing shoots of legumes contain easily fermented 
material, which is an important factor in bloat. Cells in the leaves are 
largely embryonic in nature and can be quickly broken down. If legumes 
are covered with hoar frost the cell walls are completely permeable. If eaten 
at that time, the enzyme balance is certain to be disturbed and the digestive 
action will start before the cell can reestablish its enzyme balance. The 
respiratory rate of this type of cell is very rapid and respiration is accom¬ 
panied by the liberation of large quantities of carbonic acid gas.” Kephart 
(17) after making a wide survey summed up the situation of bloat as 
follows: 

1. Bloat is worse during May and June when the young growlh from the 
second year sweet clover is soft aud succulent. 

2. Bloating is more apt to occur between 4 and 7 p.m. 

3. Bloating is most apt to occur when animals are turned on pasture 
when hungry. Apparently they eat too greedily and the stomachs cannot 
take care of the large amount of material w T hen it starts to ferment. 

4. Young cattle suffer more than old ones, probably because they don’t 
know 7 when to stop eating. 

5. Bloating seems more likely to occur when animals do not have ready 
access to water, or do not have an adequate quantity of minerals. 

6. Cattle are principal sufferers from bloat. 

7. Bloating seems to occur more frequently in some districts than others. 
This may be due to the lack of minerals in the soil. 

8. Bloating is to some extent an individual matter with animals. 

9. Bloating seems to occur more frequently in w r et years than in dry 
years, and when plants are covered with rain or dew. 

Schalk (18) used tw r o fields of sweet clover and two fields of alfalfa. One 
field of each legume was equipped with a watering system with which the 
grass was well watered; the other was maintained under natural conditions 
of moisture. Comparable groups of animals were used on each type of 
pasture. 

Before the animals were turned on the pasture, they were subjected to a 
number of different environmental factors such as: 

1. Complete fill with dry feed in lot. 

2. Complete fill with ordinary pasture (mostly bluegrass). 
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3. Partial fill under conditions of 1 and 2. 

4. Fasted in dry lot for 12 to 18 hours and with and without water. 

5. Fasted in dry lot for 12 to 18 hours and heavily salted. 

6. Placed on pasture at different times of day, with heavy dew and 
following a rainfall. 

No perceptible excessive intra-ruminal fermentation was observed in the 
animals placed on either pastures, following any of these preparatory en¬ 
vironmental factors. Bloating does not appear to occur very frequently if 
cows are left on the pasture continually, so they never get very hungry. 
Other feeds in the pasture seem to reduce the danger of bloat. 

Hutyra, March and Maminger (19) state, “The composition of gases in 
the rumen differ according to the character of the fodder and the consequent 
nature of the fermentations. There is always a large amount of carbonic 
acid gas (50 to 80 per cent of the total gas) then sulphuretted hydrogen, 
nitrogen and oxygen, the two last derived from the swallowed air, although 
oxygen is also formed during fermentation. ’ * Tappeiner (20) analyzed the 
gases from the rumen of an ox, two goats and a suckling lamb, and reported 
45 to 67 per cent C0 2 ; 31-34 per cent CH 4 ; 0.19-7.1 per cent 0 2 ; 0.19-4.7 
per cent H 2 ; 1.9-15.2 per cent of N 2 . Langwitz (21) analyzed ox-rumen 
gas and found 4 per cent 0 2 ; 2-19 per cent N 2 ; 40-50 per cent C0 2 for cab¬ 
bage leaf feeding, and 70-80 per cent for alfalfa, clover and grass; 16 per 
cent CH 4 for buckwheat and 34 per cent CH 4 after vetch feeding. Symons 
and Buswell (22) conducted methane fermentation on 45 substances, includ¬ 
ing carbohydrates, alcohols, acids, aldehydes, ketones, etc. It was concluded 
that the fermentation is an anaerobic oxidation reduction involving water 
and catalyzed by bacteria. The primary products are carbon dioxide and 
hydrogen, the two combining to form methane and water. Woodman (23), 
working in artificial media seeded with cultures of bacteria, has demon¬ 
strated the existence of two distinct anaerobic cellulose-fermenting organ¬ 
isms. The first breaks down cellulose to hydrogen and carbon dioxide, 
together with organic acids. The products of decomposition by the second 
type of organisms are methane, carbon dioxide and organic acids. Popoff 
(24) demonstrated in 1875 that methane formation in ruminants was at¬ 
tributable to micro-organisms since ruminants digest cellulose in the absence 
of cytase. Barker (25) suggested that methane is always formed through 
a reduction of carbon dioxide. Boruff and Buswell (26) studied the produc¬ 
tion of carbon dioxide and methane from anaerobic fermentation of corn 
stalks and suggested the equation: 

CeHioOg + > 3 CO 2 + 3CH 4 

The fermentation reaction was one of reduction and oxidation involving 
the addition of H 2 0 and forming carbon dioxide and hydrogen. Methane 
was formed by the combination of hydrogen with some of the carbon 
dioxide according to the equation: 
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4H 2 f CO. -* CH 4 4 2IT 2 0. 

Fisher, Tronz, Lieske, Rudolfe (27) state that mixtures of CO and H are 
transformed into CH 4 in the absence of air by the action of certain bacteria 
(Gram positive non-spore forming bacteria). 

Barker (28) in his quantitative study of methane fermentation, showed 
that the source of methane is always the reduction of carbon dioxide and 
that carbon dioxide results from the oxidation of alcohols. Christensen (29.) 
found that alcohols, methane, hydrogen and carbon dioxide and other prod¬ 
ucts are produced by the fermentation of cellulosic materials. Buswell, 
Boruff, Claire (30) state that methane can be produced by subjecting cellu¬ 
lose materials, such as corn stalks, cooked with a reagent such as lime-water 
to render it readily susceptible to bacterial action and then subjected to an 
anaerobic fermentation with bacteria such as are found in the sludge of 
sewage. Tappeiner (31) reported the production of 4.7 grains methane per 
100 grams of cellulose digested. Kellner (32) reported 3.17 grams methane 
per 100 grams of starch digested, 5.45 grams CH 4 per 100 grams straw pulp, 
429 grams CH 4 per 100 grams of mixed ration. Washburn and Brody (33) 
state, 4 * It is generally known that considerable anaerobic carbohydrate fer¬ 
mentation occurs in the rumen with methane and carbon dioxide as the prin¬ 
cipal end products.” The intermediary reactions whereby these end 
products are formed are not clearly known. 

CcHioOs 4 H 2 0 -► CO, 4- CH 4 
CO. 4- 4H 2 -» CH 4 4 H,0 

Woodman and Stewart (34) assert that cellulose fermenting bacteria 
possess a dual mechanism whereby they first hydrolyze cellulose to glucose 
and then ferment the glucose to organic acids and gases. The gas-producing 
activities of the micro-organisms may be circumscribed by the resulting 
acidity of the rumen contents. Ritzman and Benedict (35) carried out ex¬ 
periments to determine the methane production of the horse, pig and goat. 
The pig produces no methane because he subsists largely on concentrates 
and tubers. The goat when fed on roughage produces about the same as the 
cove, and the horse produces about half as much. 

Dougherty (36) approached the problem of bloat from the angle of type 
of gas produced, rather than the quantity of gas production and the subse¬ 
quent intraruminal pressure. He found that 50 mm. to 90 mm. above 
atmospheric pressure increased blood pressure, the heart beat, and caused 
dyspnea, but was not the direct cause of death. Intra-ruminal pressure 
did, however, increase the rate of absorption of carbon monoxide and carbon 
dioxide from the rumen. The rumen practically ceased all movements and 
eructation was inhibited. These symptoms were in evidence with very low 
concentrations of carbon monoxide in the rumen. Hydrogen sulphide was 
also found in traces in the rumen gas, by Dougherty. The hydrogen sul¬ 
phide appeared in greater concentrations in the liquid portion of the ingesta. 
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Injections of small amounts of hydrogen sulphide into the rumen of sheep 
proved fatal without additional pressure. Experimental evidence according 
to Dougherty indicates that “the concentration and the rapidity of absorp¬ 
tion of the two toxic gases, carbon monoxide and hydrogen sulphide, from 
the stomach of ruminants lias an important bearing on the symptoms of 
bloat, and in some cases may be the cause of death.’’ 

McCandlish (37), in a survey among dairy farmers in Scotland, dis¬ 
cusses the factors which induce bloat, methods of prevention and treatment 
The discussion is similar to material already reviewed. He makes the asser¬ 
tion that “bloat appears to be most common on the heavier and better soils 
of the district.” He also states that “Good soils at fair elevation will gen¬ 
erally be found to be more closely associated with bloat, than similar soils at 
a lower level.” These conclusions are based on observations rather than 
experimental data. 

experimental 

For a number of years gas from bloated cows has been collected with the 
thought of determining the kinds of gases and the percentage of each. It 

TABLE 1 

Summary of gas analyses 


No. of 
samples 

co 2 

Ill.* O, H s CO C.H, 

ch 4 

N. 

9 

A. 

61.97 

Gas Analysis from Cows Bloated on Sweet Clover 

0.12 3.60 0.31 0.44 0.09 35.30 

38.20 

6 

60.74 

B. Generated Gas from Sweet Clover Plants 
0.04 2.79 9.3,6 0.17 0.00 

0.14 

2ti.l8 

1 

C. Gas Analysis from Cows Bloated on Alfalfa 
59.80 0.00 ‘ 3.61 0.05 0.05 0.00 

18.42 

18.07 

12 

53.49 

I). Generated Gas from Alfalfa Plants 

0.05 1.53 26.51 0.20 0.05 

0.05 

18.11 

7 

52.65 

E. Generated Gas from Sudan Grass Plants 
0.22 2.54 24.81 0.13 0.00 

0.00 

19.65 

5 

58.64 

F. Generated Gas from Sorghum Plants 

0.14 0.80 34.58 0.08 0.00 

0.08 

5.68 

2 

18.30 

G. Generated Gas from Corn Plants 

0.15 9.83 7.16 0.18 0.00 

0.00 

64.38 

1 

H. Generated Gas from Marsh or Lowland Grass 

25.20 0.35 0.93 14.35 0.58 0.00 0.00 

58.59 

1 

24.66 

I. Generated Gas from Brome Grass 

0.00 3.64 4.24 0.50 0.00 

0.00 

66.96 


* Ill.—Illuminants. 

was hoped that by ascertaining the kind of gases produced, some clue to the 
cause of bloat might be found. Samples of gas were collected from bloated 
cows by means of a long rubber tube, which was inserted into the gullet and 
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thence to the rumen of the cow. Rubber gas bags and gas collecting tubes 
were used to collect and hold the gas until it was analyzed. The cows fought 
the insertion of the rubber stomach tube, and therefore some of the gas sam¬ 
ples collected by this method were more or less contaminated with air. At 
other times the rumen was so filled and the pressure so great that particles 
of the macerated sweet clover or alfalfa were forced into the tube, necessi¬ 
tating withdrawing the tube to force the materials out. 

Six samples of gas were secured from cows which had died from bloat. 
These samples were taken with a trocar and the gas collected in rubber gas 
bags. The gas secured in this manner was less contaminated with air than 
the samples of gas secured by means of the rubber tube inserted into the 
gullet. 

A number of samples of gas were secured from legumes and non-legume 
plants by fermentation in the laboratory. No difficulty with bloat was ex¬ 
perienced with non-legumes; however, it was thought advisable to ascertain 
the gas from these plants for comparison with the gas from plants which 
were known to cause bloat. The plants were collected at different stages of 
maturity, as well as at different times of the day, to note if that had any 
effect on the amount or kind of gas produced. Tlie materials were cut, and 
ground with a pestle and mortar, then put in a flask and 1000 cc. of distilled 
water added. The generating apparatus was placed in an incubator with 
the temperature maintained at 37° C. When the gas container, which held 
a solution of 80 cc. of 3 per cent H a SO* and 20 grams of Na 2 SO* was filled 
with gas the glass stoppers were firmly closed and the gas stored until ana¬ 
lyzed. The rate of generation of gas of the various plants was noted. 

The Orsat apparatus for the gas analysis was used and the method of 
procedure outlined in Technical Bulletin 320, Department of Commerce, 
Bureau of Mines, was followed. A general view of the apparatus is shown 
on page 5 of the bulletin, therefore no attempt will be made to describe the 
apparatus used in the analyses. The method of procedure is also discussed 
completely in the bulletin, and therefore will not be outlined herein. 

DISCUSSION 

One sample of gas was collected from a cow which had been grazing on 
bluegrass pasture. The cow’s horns became fastened in a woven wire fence 
while she was being watered, which held her muzzle under the water. She 
undoubtedly was forced to take in considerable water before being released, 
and died immediately. The gas was taken direct from the rumen, imme¬ 
diately after the cow died. The analysis indicated 68.12 per cent C0 2 , 
17.20 per cent CH 4 , 12.73 per cent N 2 , 1.80 per cent 0 2 , 0.05 per cent CO, 
0.10 per cent illuminants. The analysis of the gas resulting from the con¬ 
ditions described above is similar to the gas analyzed from cows which 
bloated on sweet clover and alfalfa, yet the cow had been pasturing on a 
bluegrass pasture. The cause of death was not bloat, but according to the 
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attending veterinarian, the ingestion of large amounts of water, and finally 
the filling of the lungs with water. 

The analysis of the gas from animals which were bloated, as well as those 
which had died from bloat, indicated a relatively high percentage of carbon 
dioxide and methane. There was no appreciable difference in the analysis 
of the gas samples taken with the stomach-tube and those taken by means of 
the trocar through the rumen wall. The difference obtained was probably 
due to the greater contamination from the air when the stomach-tube was 
used. 

According to the reported analyses in tables 1A and 1C, there seems to 
be no significant difference in the analysis of the gas when cows bloat on 
sweet clover or alfalfa pastures. The number of samples of gas analyzed 
from alfalfa pasture is so limited that a definite conclusion on this point 
cannot be drawn. According to Farmers Bulletin 1653 bloat from sweet 
clover when diagnosed has turned out to be something entirely different 
than bloat from alfalfa, red clover or alsike. If this is true the difference 
does not appear to be in the kind of gas produced. 

The analysis of gases from sweet clover and alfalfa plants, generated 
under laboratory conditions, shown in tables IB and ID, are quite similar. 
These plants were gathered at different times of the day as well as at differ¬ 
ent times during the pasture season. When the analysis of the gas obtained 
from bloated cows is compared with the analysis of gas secured from plants 
generated under laboratory conditions it is observed that the percentage of 
methane in the latter is practically negligible whereas the gas from bloated 
cows contains an appreciable percentage of methane. The analysis of gas 
from non-leguminous plants, which rarely produce bloat in cows under 
normal conditions, indicate no methane, except in the case of sorghum shown 
in table 1G. 

The presence of methane in the rumen of cattle when not bloated was 
demonstrated as early as 1875 (24). Other -workers (20, 21, 25, 31, 32, 33) 
have demonstrated that methane is present in the rumen of cattle and that 
methane results from the fermentation of cellulose materials under ‘anaer¬ 
obic conditions (22, 23, 26, 27, 28, 29, 30, 31, 33, 34). 

Inasmuch as both carbon dioxide and methane are produced under nor¬ 
mal feeding conditions in the rumen of cattle, these gases in themselves are 
not the direct cause of death from bloat. The carbon dioxide and methane 
may be responsible for the excessive pressure sustained in the rumen and as 
a consequence the cessation of eructation, and the normal movements of the 
rumen. When the gases cannot be eructed they are absorbed. The absorp¬ 
tion of carbon dioxide and the small percentage of carbon monoxide in the 
rumen may prevent the hemoglobin of the blood from carrying oxygen. It 
is known that when carbon monoxide comes in contact with the blood by 
diffusion, it unites with the red pigment of the blood corpuscles, to form a 
relatively stable compound. 
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The analyses shown in tables IB, ID, IE, IF, 16, 1H and II from both 
legumes and non-legumes under laboratory conditions show approximately 
the same percentage of carbon monoxide. Carbon monoxide is toxic to ani¬ 
mals (38). It would seem, therefore, that non-legumes should produce 
bloat as well as legumes. The fact that cattle rarely bloat on non-legumes 
under normal conditions, may be due to the lower intra-ruminal pressure 
when non-legumes are eaten. 

Dr. Dougherty in a personal letter to the writer states that in recent 
experimental work he has found traces of hydrogen sulphide, and this gas 
together with carbon monoxide in the rumen has an important influence on 
the symptoms of bloat, and in some cases may be the cause of death. 

According to McNally (38), hydrogen sulphide acts on all animals 
through all tissues, especially the lungs. It produces labored breathing, 
pains in the stomach and death by coma. Concentrations of hydrogen sul¬ 
phide above 0.1 per cent inspired air terminates in respiratory failure. In 
concentrations over 0.2 per cent breathing is paralyzed and asphyxia ensues. 

Lange’s “Handbook of Chemistry” states that 14 hydrogen sulphide in 
0.1-0.2 per cent by volume kills most animals in a very short time.” 

In the gas analyses heretofore reported, no effort was made to test for 
hydrogen sulphide in either the gas of bloated animals or in the gas gener¬ 
ated under specified laboratory conditions. Hydrogen sulphide results 
from the destruction of vegetable and animal matter; therefore, is probably 
present in the gases normally excreted by animals. In the case of bloat it 
is possible that the hydrogen sulphide is absorbed directly from the rumen 
similarly to the other gases, when the intra-ruminal pressure reaches a point 
where rumen activity is inhibited. In view of the fact (38) that low con¬ 
centrations of hydrogen sulphide are fatal to animals, the absorption of it 
directly from the rumen may be a significant factor in the death of animals 
from bloat. 

SUMMARY AND CONCLUSIONS 

1. Analyses have been completed on gases from cows which have bloated 
from sweet clover and alfalfa. These gases were collected by inserting a 
stomach-tube into the gullet of the cows. The gases were collected in gas 
rubber bags, and in glass, and metal gas tubes. A number of samples of gas 
were collected from cows which had died from sweet clover and alfalfa bloat. 
These samples were collected directly from the rumen through the trocar 
cannula. 

2. Samples of gas were collected from legume and non-legume plants 
generated under laboratory conditions. These samples were analyzed for 
the same gases as the samples from bloated animals. 

3. No significant differences were indicated in the analyses of the gases 
from sweet clover and alfalfa plants. 

4 . No significant differences were discernible in the analyses of the gases 
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from legume and non-legume plants generated under laboratory conditions, 
except in the per cent of carbon dioxide in the corn plant, lowland and 
brome grasses. The small number of samples analyzed may account for this 
difference. 

5. The significant difference in the analyses of the gases from bloated 
animals and those generated under laboratory conditions both from legume 
and non-legume plants, is in the methane content of the gas from bloated 
animals. The methane in the gas from bloated animals averaged about 17 
per cent, whereas most of the samples of the gas generated in the laboratory 
showed no methane, and those which did indicated a negligible percentage. 

6. Carbon monoxide, a toxic gas, was present in all the samples analyzed. 
No significant differences obtained in the per cent of carbon monoxide in the 
gas from different sources. 

7. The percentage of gases indicated by the analyses do not in themselves 
point to the cause of bloat, or the cause of death from bloat. It is possible 
that the rapid formation and absorption of gases when legumes are eaten is 
due to a series of factors none of which will cause bloat or death in them¬ 
selves. That is, it is known that carbon monoxide and hydrogen sulphide are 
highly toxic gases. These gases are produced under normal feeding condi¬ 
tions, in non-legumes as well as legumes yet are not fatal to the animal. The 
other gases present in the rumen gas are negative in their effect on the ani¬ 
mal, yet these gases may be responsible for inducing the conditions which 
make the toxic gases fatal by increasing the intra-ruminal pressure or 
inhibiting the normal functioning of the rumen. 


REFERENCES 

(1) U. S. Deft, of Age. Bloat from pasturing on sweet clover. Farmers Bull. 1(553, 

12-13. 1931. 

(2) U. S. Dept, of Agr. Bloat. Farmers Bull. 1470, 31-32. 1926. Revised, 1930. 

(3) TJ. S. Dept, of Age. Red clover as feed. Farmers Bull. 1339, 14. 1926. 

(4) Year Book of Agriculture, p. 359. 1913. 

(5) Jayne, Stephen O. Slieep on irrigated farms in the northwest. U. S. Dept, of 

Agr., Farmers Bull. 3051, 12-28. 1919. 

(6) Crosby, M. A. Sweet clover in great plains farming. TJ. S. Dept, of Agr. Tech. 

Bull. 380, 23-24, 51. 1933. 

(7) -. U. S. Dept, of Agr. Diseases of sheep. Farmers Bull. 1155, 29, 

30. 1921. 

(8) Welch, H., Marsh, H., Ttjnnicliff, E. A. Report of the department of veterinary 

science. Montana Sta. Rept. 79-80. 1929. 

(9) Viljoens, P. R. Acute tympanitis or hoven in cattle. J. of the Dept, of Agr., 5: 

346. 

(10) Yeech, B. C. Hoven in cows. Agr. Gazette, 48: part 2, p, 105. 

(11) Healy, D. J., and Nutter, J. W. A remedy for cloyer bloat. Breeders Gazette, 

67: 25, 1198. 1915. 

(12) Ohman, A. F. Bloat in cattle. Queensland Agr. J., 60: part 3, p. 350. 1939. 

(13) Dixon, W. Acute bloating of cattle. Queensland Agr. J., 61: part 2, p. 187. 

1939. 



bloat in dairy cattle 


353 


(14) Dixon, W. Acute bloating in ruminants. Queensland Agr. J., 49: part 2, p. 146. 

1938, 

(15) Editorial. Bloat in cattle. Queensland Agr. J. 41: parts 1 to 6. 1934. 

(16) Editorial. Alfalfa bloat. Hoard J s Dairyman 82: 315. May 25, 1937. 

(17) Kephart, L. W. Do cattle bloat on sweet clover? Wallace Farmer, 54: 727. May 

10, 1929. 

(18) Schalk, A. F. Bloat in cattle. Ohio Bull. 548: 78. 1935. 

(19) Hutyra, Marek, and Manninger. Diseases of Domestic animals. Fourth Edition 

by Russell Greig, Vol. 2, p. 74. 1938. 

(20) Tappeiner. II. Dio Gase des VerdunungsBchlaudios der Pflanzenfresscr. Zsehr. 

Biol,, 19: 228. 1883. Cited by Mo. lies. Bull. 263. 

(21) Lung WITZ, M. Die Gase des Rinderpunsens machdem Oonusseverscliiedener Futter- 

mittel mil Beriicksciktigung desakuten Aufbliinhens und dessen Behandlung dnrch 
gasabsorbironde Arzmeimittel. Arch, Tierlieik, 18: 1892. Cited by Mo. Res. 
Bull. 263. 1937. 

(22) Symons, G. E., with Buswkll, A. M. Methane fermentation of carbohydrates. 

J. Am. Chem. Soc., 55: 2028. 1933. 

(23) Woodman, H. E. The mechanism of cellulose digestion in the ruminant organism. 

J. Agr. Sc., 17: 333-337. 1927. 

(24) Popoff, L. tlber die Sumpfgasagahrung. Pflugers Archiv. Ges. Physiol. 10: 133. 

1875. Cited by Mo. Res. Bull. 263. 1937. 

(25) Barker, H. A. The biochemistry of methane formation. Archiv. Mikrabiol., 7: 

404. Chem. Abst., 31: 1066. 1937. 

(26) Boruff, O. ft., and Buswkll, A. M. Fermentation products of cellulose. Ind. Eng. 

Chem., 21: 1181. 1929. 

(27) Fishier, Franz, and Lieske, Rudolfe. Methane. Chem. Abst., 27: 1983. 1933; 

25: 4656. 1931. 

(28) Barker. H. Albert. The biochemistry of methane formation. Chem. Abst., 31: 

1066. 1937. 

(29) Christensen, Leo M. Fermentation of cellulose material. Clicm. Abst., 26: 1386. 

1932. 

(30) Buswkll, Arthur M., and Boruff, Clair S. Bacteriological production from di¬ 

gested cellulose. Chora. Abst., 27: 559. 1933. 

(31) Tappeiner, H. TJntcrsuchungen iiber die Garung der Cellulose insberondere iiber 

deren Liisung im Darmkanale. Zschr. Biol., 20: 52-134. 1884. Cited by Mo. 

Res. Bull. 263. 1937. 

(32) Kellner, O. Nutztirer, 6th Ed., 1907. Cited by Armsby and Moulton, 1925. 

Cited by Mo. Res. Bull. 263. 1037. 

(33) Washburn, Lloyd E., and Brody, Samuel. Growth and development. XLII. 

Methane, hydrogen, and carbon dioxide production in the digestive tract of 
ruminants in relation to the respiratory exchange. Mo. Res. Bull. 263. 1937. 

(34) Woodman, H. E., and Stewart, J. The mechanism of cellulose digestion in the 

ruminant organisms. II. The transformation of cellulose into glucose by the 
agency of cellulose-splitting bacteria. »T. Agr. Sc., 18: 713-723. 1928. 

(35) Ritzman, E. G., and Benedict, F. 0. Nutrition of horse, pig and goat. New 

Hampshire Ann. Rept. 1935. New Hampshire Bull. 289. 1936. 

(36) Dougherty, B, W. Physiological studies of induced and natural bloat in dairy 

cattle. Ore. Exp. Sta., Teclra. Bull. No. 320. 1939. 

(37) McCandlish, A. C., and O ’Brian, D. G. Hoven or bloat in dairy cattle. West of 

Scot. Coll. Agr. Bull. No. 127. 1933. 

(38) McNally, William D. Toxicology, pp. 390-400. Industrial Medicine, Chicago. 




ABSORPTIVE CAPACITY OP DIFFERENT MATERIALS 
ORDINARILY USED FOR BEDDING 

T. M. OLSON 

Dairy Husbandry Department , South Dakota State College, Brookings, S. D . 

Received for publication September 25, 1939. 

Bedding is used to keep cows clean, comfortable, and to absorb the liquid 
excrement. It is important, therefore, for the dairy farmer to know which 
materials meet these requirements at the lowest cost. 

In the grain-producing sections of the United States, the cereal straws 
provide most of the bedding used, with shredded or cut corn stover added in 
the corn belt region. Shavings and sawdust are used in sections of the coun¬ 
try where these are available at reasonable prices and where the cereal 
straws are high-priced and scarce. In many of the European countries such 
materials as peat, peat moss, and dried leaves are used. The latter products 
are seldom used in this country for bedding because of their scarcity and 
relatively higher price. The hulls of the cereals and buckwheat as well as 
the straws of buckwheat and flax are used as bedding in areas where these 
plants are grown on a commercial scale. 

There is probably little difference in the 44 comfort effect” of the several 
materials used for bedding. If sufficient bedding is used any of the mate¬ 
rials given will provide adequate comfort and protect the animals from 
cement surfaces or other materials which might be used for floors in stalls 
or stanchions. 

The important consideration in beddings, therefore, is their absorptive 
capacity. Beddings which absorb the liquid excrement are an important 
factor in keeping the cows clean as well as conserving the urine, which con¬ 
stitutes an important part of the manurial value of the total excrement 
from livestock. 

DISCUSSION 

According to the Pennsylvania Experiment Station, the urine contains 
about half the nitrogen and three-fourths of the potash of the fertility ele¬ 
ments of the manure. 

Michigan circular 25 gives the following amounts of excrements voided 
daily by cows and the fertilizing elements contained therein : 


Amount of excrement voided per day of £4 hours ( 1 ) 


Solid excrements 

Liquid excrements 

Total excrements 

tbs. 

lbs . 

Tbs. 


49 

19 

68 
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Fertilising elements in the excrement 



Nitrogen 

Phosphoric acid 

Potash 


per cent 

: 

per cent I 

per cent 

Solid excrement . 

0.43 

0.12 


Urine ... 

1.05 

trace 

j 0.36 


The daily amount and composition of solid and liquid excrement (,£?) 
voided by mature animals 



Pounds per animal 

Nitrogen 

Phosphorus 

Potassium 


Solid | Liquid 

Solid | Liquid 

Solid | Liquid 

Solid | Liquid 


i 

per cent 

per cent 

per cent 

Cattle 

52.0 j 19.4 

3.24 | 0.95 

0.090 | 0.012 

0.124 I 0.79 


Work from the South Dakota Station (3) indiacted the following 
amounts of solid and liquid excrements voided by lactating cows. 


Average daily amount of solid and liquid excrement 
(Average of 4 cows for 20 days) 


Solid 

Liquid 

grams daily 

grams daily 

17,823.30 

9072.2 

(approx. 39.3 lbs.) 

(approx. 20.1 lbs.) 


The above cows were receiving a balanced ration of alfalfa hay and 
medium ground oats. 

These data together with those given above, indicate the importance of 
conserving the liquid excrement if the farmer is to realize the manurial value 
from the animals maintained. 

It is apparent that the manurial value of the excrement varies in amount 
and in its chemical constituents depending on the kinds of feed, the age and 
kind of animal fed. Young growing animals take more nutrients out of the 
feed to build bones and tissues than mature animals. A lactating cow uses 
considerable of the elements in the feed to produce milk. A mature animal 
which is not producing, or using nutrients iu production, voids in the excre¬ 
ment a smaller percentage of the chemical elements in the feeds consumed 
than animals which are immature and producing. 

Regardless of the varying value of the liquid excrement from cows, its 
value is important enough in maintaining the fertility of the farm to con¬ 
serve it as well as is practically possible. 

ABSORPTIVE POWER OP BEDDING MATERIALS 

In five trials at the South Dakota Station (3) ten pounds whole and 
chopped oat, wheat and rye straws, pine'shavings and sawdust were placed 
in a beet-pulp sack. * The sacks were placed in a barrel containing sufficient 
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urine to completely submerge the material. Weights were placed on the 
sacks to assure complete covering by the urine. The sack with the material 
was allowed to soak for about two hours, and then suspended and allowed 
to drain until dripping ceased (usually from two to three hours). The 
materials in each sack was then emptied into a tub and weighed. 

The same procedure was followed in which the bedding materials were 
submerged in well-water to note differencs, if any, in the absorptive capaci¬ 
ties of the two liquids. The following tables indicates the results: 


Urine absorbed by ten pounds of bedding * 


Oat straw j 

Rye straw 

Wheat straw 

Shavings 

1_ 

Sawdust 

Whole | 

| Cut 

Whole | 

Out. ! 

Whole 

1 Cut ! 

lbs. 1 

37.05 | 

1 lbs. ! 

| 19.02 

i lbs. 1 

16.43 | 

lbs. 

15.88 

j lbs. 

\ 17.20 

1 lbs. 

| 15.00 

i lbs. 1 

| 12.30 ] 

1 lbs. 
23.28 


* Average of six trials. 


Water absorbed by ten pounds of bedding* 


Oat straw 

Rye straw 

1 _ . _._ .. . 

! Wheat straw 

i 

1 

Shavings 

1 

| Sawdust 

Whole 

| Cut 

Whole | 

| Cut. 

Whole | 

| Out 

_, 

QO 

* 

05 

i 

! ibs. 

| 19.37 

lbs. I 
| 17.0 

1 lbs. 

1 17.23 

lbs. 

1 18.73 

lbs. 

18.30 

lbs. 

11.16 

lbs. 

22.40 


* Average of three trials. 


These data would seem to indicate there is little if any difference in the 
absorptive capacity of the cereal straws. The slight differences which are 
indicated by the data may be due to other factors, such as the moisture con¬ 
tent of the straws used. Although the straws used appeared to be dry, it is 
possible that there might have been a slight difference in the moisture con¬ 
tent. Moisture determinations were not made on the straws. The various 
trials were carried on over a period of several weeks. During this time the 
building in which the straws were soaked and allowed to drain was heated 
by a furnace and the humidity of the air might have varied enough to 
account for the differences in weight. 

There seems to be no appreciable absorptive difference in whole and cut 
cereal straws. Inasmuch as straws are usually cut in order to make them go 
further, this would seem to be an erroneous idea. Inasmuch as the absorp¬ 
tive capacity is the important criterion on the amount of bedding to use, the 
cut straw would not go any further than whole straw so far as the amount 
of urine absorbed in concerned. 

Another fallacy is that shavings will absorb more liquid than straws. 
These data do not indicate so. The shavings were mixed shavings and were 
dry, having been stored in the loft of the hay barn for several years. 
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The sawdust was principally from soft-wood, and drier than most saw¬ 
dust used for bedding. It was secured from the local carpenter shop and 
had not been exposed to moisture. 

The data showed no appreciable difference between the amount of urine 
and well-water absorbed by the cut and whole cereal straws, sawdust and 
shavings. 

The work at Maryland (4) indicates a somewhat higher absorptive 
capacity than the data from the South Dakota Station excepting for sawdust 
which the author explained was due to the fact that the sawdust was very 
high in moisture. The trials were, however, conducted in a different man¬ 
ner, which may account for a part of the difference. 


Water absorbed per pound of bedding of different materials ( 4) 



Wheat straw 

i 

Cut Btover 

---- 

Shavings | Sawdust 


Whole | Cut 

1 

lbs. 

lbs. lbs . 

lbs. lbs. 

2.5 

2.0 2.0 

2.2 0.8 


On basis of ten pounds, comparable to work at 8.7). station 
25 | 20.0 | 20.0 | 22 | 8.0 


Whisenhand (5) reports a trial in which five to seven pounds of different 
bedding materials were soaked in water for twelve hours, suspended in a 
room in the barn until dripping had ceased, and weighed after five and 
twenty-four hours. The following table indicates the results of the trial : 


Materials 

Water by 100 
pounds of the 
material after 

24 hours 

Relative hold¬ 
ing power 
after 24 hours 


lbs. 

i 

Whole oat straw. 

240 

100 

Cut oat straw . 

244 

97.6 

Wheat straw .. 

210 i 

84.0 

Mixed shavings, Chicago carload . 

119 ; 

47.6 

Mixed shavings, from local planing mill. 

130 

52.0 

Mixed sawdust, from local planing mill . 

160 ; 

64.0 

Fine dry, white pine shavings . 

185 

74.0 


These data indicate a somewhat higher absorptive capacity for wheat and 
oat straws both whole and cut. The mixed shavings data check very well 
with the South Dakota results. These trials were conducted similarly to the 
South Dakota Experiment. Station trials except for length of draining and 
soaking time. 

Herbert (6) reports the following absorptive capacities of litter: 
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Water retained by 100 Teg . of material after 24 hours 


Kinds of material 

kg. 

Wheat straw . 

220 

Barley straw . 

285 

Oat straw... 

228 

Bawdust of poplar wood . 

4S5 


These data also indicate a higher retentive capacity of the cereal straws ‘ 
than the data from the South Dakota Station. As previously stated, the 
moisture content of the straws used by the South Dakota Station was not 
determined. The straw was secured from stacks and was dry. The data 
quoted from other experimenters did not indicate whether the moisture 
content of the straws .was known or not. It is assumed that air dried straws 
were used and no attempt was made to measure the moisture in the straws 
nor the moisture which might have been absorbed from the air. 

No explanation can be offered for the lower absorptive capacities of the 
cereal straws used in the South Dakota trials. The time allowed (approxi¬ 
mately two hours) for the straws to soak would seem sufficient to permit of 
thorough soaking, particularly when the trials were conducted in a building 
of approximately 60° F. temperature, and the bedding materials completely 
submerged. Because of the relatively lower rainfall in this territory the 
air-dried straw would at least be as free from moisture as straws used in the 
trials quoted. 

The absorptive capacity of the shavings as reported in these trials 
cheeked very closely with the results from other stations. 

SUMMARY 

Ten pounds of oat, wheat and rye straws cut and whole were soaked from 
one to two hours in sufficient urine to completely submerge the sacks con¬ 
taining the straws. The same procedure was followed in which well-water 
was used instead of urine. The materials were allowed to soak for one to 
two hours and then suspended and allowed to drain until dripping had 
ceased, after which the content of the sack was emptied into a tub and 
weighed. 

The increase in weight of the bedding materials was assumed to be due 
to the amounts of urine or water retained by the various materials. 

No appreciable difference in absorptive capacity was noted between cut 
and whole straws, and straws from different cereals. Such minor differ¬ 
ences as are indicated might be due to the completeness of soaking, or drain¬ 
ing. The temperature and humidity of the room in which the materials 
were soaked and allowed to drain were not maintained at the same point, 
which might result in a difference in weight. That the original moisture 
content of the materials used for bedding affect the absorptive capacity of 
the materials is indicated by the sawdust used in the Maryland experiments. 
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The data from the South Dakota Station indicate that the whole cereal 
straws provide satisfactory Jitter. Because of the abundance and cheapness 
of these straws, they can be recommended in preference to any other mate¬ 
rials for this area. The manurial value of the cereal straws is also greater 
than the manurial value of sawdust or shavings, materials ordinarily sub¬ 
stituted for cereal straws. 

The data did not indicate greater absorptive powers for cut straws; 
therefore, it would not seem advisable to cut cereal straws for bedding 
except where storage room for straw is at a premium. 
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American Dairy Sconce Association Announcements 


THIRTY-FIFTH ANNUAL MEETING, PURDUE UNIY., 

W. LAFAYETTE, IND., JUNE 24-28 

HOUSING ACCOMMODATIONS 

Adequate, commodious and convenient housing facilities will be avail¬ 
able in the Gary Residence Halls and the Union Club of the Student Union 
Building. The Residence Halls were just completed in November, 1939, 
and are beautifully and pleasantly furnished with fine comfortable lounges 
and living quarters. The rates in the Residence Halls will be $1.25 per per¬ 
son per night with everything furnished. The rates for children under 12 
years of age will be 75^ per night. The rates in the Union Club which has 
regular hotel facilities will be from $2.50 and up per person per night. 
Rooms will also be available at the hotels in Lafayette. 

Reservations should be made in writing to K. C. Boxell, Dairy Depart¬ 
ment, Purdue University, West Lafayette, Indiana. 

REGISTRATION HEADQUARTERS 

Registration Headquarters will be maintained in the lobby of the Purdue 
Memorial Union Building, beginning June 24, 1940. 

LAST CALL FOR PAPERS 

Titles and Abstracts of Papers to be presented at the June meeting must 
be in the hands of the Program Committee not later than April 15. Send 
all titles and abstracts to Dr. B. E. Horrall, Department of Dairy Hus¬ 
bandry, Purdue University. W. Lafayette, Indiana. 
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THE CAROTENE CONTENT OP SEVERAL HERBAGES DURING 
THE GROWING SEASON* 

W. W. SNYDER AND L. A. MOORE 

Section of Dairy Husbandry , Michigan Agricultural Experiment Station , East Lansing 

During the past few years an increasing tonnage of various forage crops 
is being preserved by the ensiling process. Very few studies, however, have 
been made to determine at what stage of growth these crops contain the 
greatest amount of carotene. If this information were available it might be 
possible to ensile certain crops when the carotene content is high. A high 
carotene roughage is especially desirable in feeding dairy cattle in order to 
produce a milk of high vitamin A content. 

Virtanen and co-workers (10) reported that the total quantity of caro¬ 
tene of a plant increased rapidly up to the time of blooming and then dimin¬ 
ished as the plant matured. In a later report Virtanen (9) indicated that 
carotene attained a maximum value just before or at the beginning of flow- 
„ ering, but that it may be increased by proper and adequate fertilization or 
it may be decreased by the same factors that retard growth. Hauge (4) 
found that young alfalfa, 10 to 12 inches high, contained almost twice as 
much vitamin A as did the alfalfa in full bloom. Hilton, Hauge and Wilbur 

(5) stated that young alfalfa, 10 to 12 inches high, contained 90 units of 
vitamin A per gram but in the bloom stage it contained only 70 units. They 
also noted that soybeans, 12 to 15 inches high, contained 54 units of vitamin 
A while the more mature plant, as cut for hay, contained only 30 units. 

By studying the carotene content of some South African feeds My burgh 

(6) found that the carotene content of pasture plants diminished rapidly 
as the plants matured or as they became dry during winter or during periods 
of drought. His results on pasture grass during the four seasons for two 
years showed that the grass was relatively high in carotene in summer and 
autumn but rather low during the early spring and late winter. 

In Arizona blue grama range grass lies in the dormant stage during the 
winter. In the §mumer a new growth is begun which is stimulated by rains. 
By the middle of October the grass begins to dry up again. Smith and 
Stanley (8) determined the vitamin A value of this grass at different stages 
of growth* They noted that a sample collected August 2 was a very potent 

Received for publication October 17, 1939. 

* Journal article No. 398 n.s. 
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source of vitamin A, by September 20 it was only one-half as rich, and when 
sampled in November, 100 times as much of the grass was required to pro¬ 
duce the same rate of gain in rats as that cut in August. 

Atkeson and colleagues (1) determined the carotene content of each of 13 
pasture plants three or four times during the growing season, and observed 
that the plants were relatively high in carotene during the early summer, 
although there was considerable variation. Carotene decreased during the 
hot summer months but after the fall rains most plants reestablished their 
carotene content similar to early summer values. Big blue stem and buffalo 
grass were notable exceptions in that they showed a decrease as the season 
progressed. 

Esselen and co-workers (2) found that the vitamin A content of the maize 
plant increased as the plant reached full growth after which there was a 
marked loss of vitamin A. 

Watkins (11) studied the monthly variation in carotene content, of black 
grama and mesa dropseed range grasses grown in New Mexico. His results 
indicate that rains which stimulate new growth also cause an increase in the 
carotene content of the grasses. Both grasses were moderately high in caro¬ 
tene during the growing season. The mesa dropseed lost all of its carotene 
soon after the fall freezes ended the growing season; however, the black 
grama grass, whose upright stems remained partly green throughout the 
winter contained an amount of carotene that seemed to be ample to satisfy 
the vitamin A requirements of range cattle. 

EXPERIMENTAL 

The purpose of this investigation was to study the weekly variation in the 
carotene content of various herbages throughout their growing season. The 
herbages studied included the following: a mixture of the Grimm and Har¬ 
rison varieties of alfalfa, Canadian brome grass, corn leaves from Michigan 
hybrid corn 561, lagold variety of oats, Manehu variety of soybeans, biennial 
white sweet clover, and Sudan grass. These herbages were grown on soil of 
average fertility on the college farm, except the sweet clover which was grow¬ 
ing voluntarily on a vacant lot near the college. The alfalfa and brome 
grass were taken from a field with a good stand of an alfalfa-brome mixture. 
Samples for carotene analysis were collected once a week from early growth 
until the crop was harvested or cut for hay. Plants of average size were 
selected at random and their height ascertained. The appearance of blos¬ 
soms or development of seeds was also noted at the time of sampling, so that 
the stage of maturity could be determined. The plants were cut off about an 
inch above the ground, wrapped in heavy paper and immediately taken to 
the laboratory. 

In the laboratory, a representative portion of the plants was ground 
through a food chopper and thoroughly mixed in order to obtain a represen- 
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tative sample. A two to five gram sample was quickly weighed out and 
immediately covered with alcoholic KOII in a mortar. The sample was 
placed in the alcoholic KOII as soon as possible to prevent enzymatic or 
oxidative destruction of carotene. A small amount of fine clear quartz sand 
was added and the tissue thoroughly ground. The ground sample was then 
transferred to a 250 ml. Erlenmeyer flask, using sufficient alcoholic KOH to 
make the transfer complete. 

The method used for extracting carotene from the plant tissue, was the. 
Guilbert method (3) as modified by Peterson, Hughes and Freeman (7). 
The carotene concentration of the extract was determined by means of a 
photo-electric colorimeter. The moisture content of all samples was also 
determined in order to calculate the results in terms of micrograms of carotene 
per gram of dry matter. For the moisture determination, five grams of the 
ground tissue 'were weighed out and dried for three hours in a drying oven 
at 100° C. 

RESULTS 

Data are presented in table 1 showing the weekly variation in the carotene 
content of the herbages studied during their growing season of 1938. The 
data include the results for three crops of alfalfa, two crops of brome grass, 
corn leaves during the latter part of growth, one crop of oats, one crop of 
soybeans, two crops of Sudan grass, and one crop of sweet clover. 

The first sample of alfalfa was collected April 25 at which time it contained 
432 micrograms of carotene per gram of dry matter and when it was cut for 
hay June 20 this value was only 171 micrograms. The decrease in carotene 
was not gradual and progressive for the first crop. Sampling of the second 
growth was begun 17 days after the first, crop was cut for liay at which time 
the carotene content was 318 micrograms. This value dropped progressively 
to 132 mierograms by August 16 when the second growth was cut for hay. 
The carotene content of the first sample of the third crop was 367 mierograms, 
and five weeks later when in the three-fourths bloom stage this value was 
still 284 mierograms. The third crop showed a gradual decrease in carotene 
as the plants matured except for one sample taken September 21 at which time 
the value was slightly higher than that for the previous week. 

Sampling of the brome grass was begun April 25 at which time it con¬ 
tained 453 mierograms of carotene per gram of dry matter. When the grass 
was cut for hay June 6, the carotene content was only 141 mierograms. 
Fifteen days later the second growth reached a height of seven inches and 
the carotene content was 466 mierograms. The carotene increased to 518 
mierograms by the following week, but thereafter decreased. When the 
second growth was cut for hay the carotene content was still 317 mierograms. 
This value was more than twice the value of the first crop when cut for hay. 

The first sample of corn leaves was collected as the tassels appeared on 
the com, and at that time the carotene content was 482 mierograms per gram 
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TABLE 1 

Carotene content of several heritages in micrograms per gram of dry matter, 
during their growing season 


Bate 

Height 

Dry matter 

Carotene 

Remarks 


inches 

per cent 

micrograms 


Alfalfa—first crop 





4-25-38. 

5 

20.8 

432.0 


5- 3-38 . 

8 

20.4 

397.0 


5- 9-38 . 

11 

22.9 

269.0 


5-16-38 . 

13 

24.2 

278.0 


5-23-38. 

18 

19.0 

295.0 

raining 

5-29-38. 

23 

20.0 

233.0 

n 

6— 6—38 . 

24 

22.0 

188.0 

few blossoms 

6—13—38 . 

28 

25.7 

150.0 

early bloom 

6-20-38 . 

6-20-38 . 

31 

27.1 

171.0 

half bloom 
cut for hay 

Alfalfa—second 
crop 





7- 7-38 . 

11 

19.4 

224.6 


7-11-38 . 

13 

19.1 

301.9 


7-18-38. 

17 

26.7 

272.7 

few blossoms 

7-26-38. 

I 20 

32.3 

221.5 

early bloom 

8- 2-38 . 

! 21 

32.4 

212.8 

half bloom 

8- 9-38. 

1 22 

32.9 

169.9 

4 bloom 

8-16-38. 

8-17-38 . 

! 22 

31.8 

116.0 

$ bloom 
cut for hay 

Alfalfa—third 
crop 





8-23-38. 

15 

21.1 

366.7 


8-29-38. 

18 

21.6 

368.2 


9- 5-38. 

j 20 

24.6 

340.6 

few blossoms 

9-13-38 . 

1 21 

28.8 

311.7 

early bloom 

9-21-38 . 

22 

27.5 

321.1 

half bloom 

9-26-38. 

22 

29.9 

f 

283.6 

1 bloom 

Brome grass—first 
crop 

! 




4-25-38 . 

3 

23.8 

453.0 


5- 2-38 . 

5 

22.8 

377.0 


5- 9-38. 

11 

23.6 

284.0 


5-16-38 . 

15 

22.5 

331.0 


5-23-38 . 

21 

19.8 

293.0 

raining 

5-29-38 . 

26 

17.1 

306.0 

11 

6- 6-38. 

34 

22.0 

157.0 

few heads out 

6-13-38. 

36 

30.2 

144.8 

heads out 

6-20-38. 

45 

32.0 

140.6 

cut for hay 

Brome grass—sec¬ 
ond crop 





7- 5-38 . 

7 

15.1 

466.0 


7-11-38 . 

10 

13.8 

517.6 


7-18-38 . 

15 

18.0 

418.5 


7-25-38. 

19 

24.7 

412.9 


8- 2-38. 

20 

25.5 

390.8 


8- 9-38....... 

23 

29.6 

305.2 

few heads 

8-16-38. 

8-17-38 . 

23 

24.4 

317.1 

raining 
cut for hay 
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TABLE 1.—( Continued) 


Bate 

Height 

Dry matter 

Carotene 

Remarks 


inches 

per cent 

micrograms 


Corn leaves 





8- 9-38 . 

105 

25.4 

481.6 

tassels out 

8-17-38 . 

no 

22.9 

615.7 

pollen ripe 

8-24-38. 

112 

27.5 

646.1 

early milk 

8-30-38 . 

115 

25.6 

561.2 

early milk 

9- 5-38 . 

318 

29.8 

539.1 

late milk 

9-13-38 . 

118 

24.2 

516.5 

dough stage 

9-21-38 . 

118 

27.7 

361.0 

glaze stage 

9-26-38 . 

116 

31.3 

243.3 

grain hard 

10- 3-38 . 

118 

59.4 

68.4 

corn ripe 

10-11-38 . 

Oat plant 

118 

90.0 

25.4 

leaves dry 

5-11-38 . 

6 

14.3 

525.0 


5-18-38 . 

8 

14.9 

442.9 


5-25-38. 

10 

14.7 

449.0 


6- 1-38 . 

15 

H.O 

375.0 


6- 8-38 . 

18 

16.4 

219.5 


6-15-38 . 

20 

17.5 

260.0 


6-22-38 . 

30 

19.8 

140.5 

head in boot 

6-29-38 

34 

24.5 

100.4 

head ont of boot 

7- 7-38 . 

39 

29.4 

66.1 

milk stage 

7-11-38. 

39 

30.7 

54.3 

dough stage 

7-18-38 . 

39 

40.0 

14.7 

late dough 

7-25-38 . 

7-27-38 . 

Soybean plant 

39 

48.7 

12.6 

ripe 

harvested 

6-29-38 . 

9 

22.5 

279.0 


7- 5-38 . 

14 

20.3 

288.8 

few blossoms 

7-12-38 

17 

23.3 

299.5 

early bloom 

7-19-38 . 

21 

22 5 

357.8 

few pods 

7-26-38 . ! 

! 22 

22.6 

432.2 

more pods 

8- 2-38 

27 

26.4 

406.6 

few beans 

8- 9-38 . ! 

30 

25.3 

334.7 | 

small beans 

8-16-38... 

34 

24.5 

248.7 j 

beans developing 

8-23-38 

36 

29.0 

196.9 

n a 

8-29-38 . 

36 

29.5 

193.6 

n a 

9- 5-38 . | 

36 | 

30.3 

163.4 

beans developed 

9-13-38 . 

36 ; 

34.5 

30.5 

yellow leaves 

9-21-38. ! 

1 37 ! 

34.5 

35.4 

beans mature 

9-26-38 . i 

36 1 

38.4 

21.0 

leaves dropping 

10- 3-38. 1 

1 36 

60.8 

7.9 

stalks drv 
* 

Sudan grass—-first 
crop 

! 

i 

454.7 

i 

i 

7- 7-38 

18 

15.6 


7-12-38 . 

34 

17.1 

316.9 

! 

7-19-38 

i 43 ; 

20.4 

218.5 


7-26-38 . 

7-29-38 

j 48 j 

! i 

25.0 

1 

198.4 

heading 
j grass cut 

Sudan grass -second 
crop 

i 


362.1, 

' 

8— 9—38 . 

10 

20.1 

1 

8-17-38 . 

20 

15.8 i 

403.8 ! 

! raining 

8—24—38 . 

36 

17.9 

317.9 

: heads in boot 

8—30—38 . 

43 

18.4 

229.5 

heads out of boot 

9- 5-38. 

46 

24.0 

179.3 

seeds developed 

9-21-38 . 

48 

25.3 

112.5 

leaves yellow 

9-26-38 

50 

36.1 

57.6 

grass cut 
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TABLE 1.—( Continued ) 


Date 

Height 

Dry matter 

Carotene 

Remarks 

Sweet clover 

inches 

1 per cent, 

miorograms 


4-27-38 . 

7 

14.6 

218.0 


5- 4-38 . 

12 

12.8 

242.0 


5-11-38. 

18 

36.4 

244.0 


5-18-38. 

20 

16.0 

175.0 


5-25-38 . 

24 

16.0 

216.0 


6- 1-38 . 

30 

17.4 

208.0 

j 

6— 8—38 . 

37 

19.2 

177.0 

I few blossoms 

f>-3 5-38 . 

42 

20.0 

172.0 

| early bloom 

6-22-38 . 

6-23-38. 

06 

22.8 

125.0 

| full bloom 
| cut 


of dry matter. This value increased during the next two weeks to 646 micro- 
grams, after which time there was a progressive decrease in carotene as the 
plants matured. When the corn was mature enough for husking the carotene 
content of the dried leaves was only 25 micrograms. 

When the oats were six inches high sampling was begun. At this time 
the carotene content was 525 micrograras per gram of dry matter, and when 
harvested this value had decreased to 13 micrograms. The results showed 
a definite downward trend in carotene content as the plants matured, although 
the decrease was not uniform from week to week. The most notable drop in 
carotene was during the early growing season until the heads appeared, 
during which time the original 525 microgram value was lowered to 100 
micrograms. 

The first values for soybeans were obtained when the plants were nine 
inches high, at which time the carotene content was 279 micrograms per 
gram of dry matter. This value gradually increased to 432 micrograms when 
the plants were 22 inches high and the bean pods were developing. From this 
stage of maturity on, there was a gradual and progressive decrease in carotene 
as the plants matured, so that by the time the leaves were yellow the carotene 
content of the plant was only 35 micrograms. 

The carotene analyses for sweet clover are also presented in table 1. The 
carotene content of the young plants increased progressively to a rather low 
maximum of 244 micrograms per gram of dry matter when the plants were 18 
inches high. After that there was a decrease as the plants matured and when 
in full bloom the carotene content was only 126 micrograms. 

DISCUSSION OF RESULTS 

The results for the herbages studied clearly show that the carotene content 
per gram of dry matter is much higher when the plants are in the earlier 
stages of growth than after they reach the stage of maturity at which they 
are usually harvested. The early growth alfalfa contained more than 300 
micrograms of carotene per gram of dry matter, but when cut for hay, the 
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first crop contained only 171 micrograms and the second crop 133 micrograms. 
The carotene content of the third crop was considerably higher. However, 
the samples were taken from a different field so the results may not be 
directly comparable. Soybeans, on the other hand, when 10 to 15 inches high, 
contained slightly less than 300 micrograms of carotene per gram of dry 
matter but this value increased to 432 micrograms when the plants were 22 
inches high and by the time the beans were developing, at which stage they 
are usually cut for hay, this value was approximately 200 micrograms. 

First crop brome grass contained 141 micrograms of carotene per gram 
of dry matter when cut for hay, while the second crop contained 317 micro¬ 
grams. This difference was probably due to the fact that the first crop devel¬ 
oped to a more mature stage than did the second. The carotene content of 
Sudan grass, 18 to 20 inches high, was slightly more than 400 micrograms, 
but after heading this value dropped to about 200 micrograms. Both crops 
followed the same rate of decrease. The oat plant when 6 to 10 inches high 
contained more than 400 micrograms but after heading this value dropped to 
less than 150 micrograms. The sweet clover used in this investigation was 
lower in carotene than the other plants studied. The maximum of 244 micro- 
grams per gram of dry matter wag noted at 18 inches, which value decreased 
to 125 micrograms when in full bloom. On the other hand, corn leaves 
reached a maximum of 646 micrograms when the ears were in early milk 
stage, which value decreased to 517 micrograms when in the dough stage. As 
the leaves became yellow the carotene decreased very rapidly to a low value 
of 25 micrograms. 

The decrease in carotene content as the plants matured was not progressive 
in all cases. During the latter part of May, alfalfa and brome grass, espe¬ 
cially, did not show an even rate of decrease. As a matter of fact, in some' 
cases a slight increase in the trend was noted. This was probably due to an 
increase in the rate of growth of the plants caused by the additional rainfall 
during that time. A report by the IL S. Weather Bureau revealed that the 
total precipitation for the month was 5.73 inches, most of which fell during 
the latter half of the month. This additional rainfall apparently increased 
the rate of growth which is concomitant with an increased carotene content 
( 10 , 11 ). 

Some of the variations in carotene content during the growing season can¬ 
not be explained on the basis of differences in the rate of growth. Attention 
should be called to the fact that-the carotene analyses were made on different 
plants in successive weeks. Thus some of the variations from week to week 
may have been due entirely to sampling, since it is almost impossible to select 
random samples under normal growing conditions that are exactly compar¬ 
able. Most of the carotene of herbages is contained in the leaves (4). Thus 
in the event of selecting a sample for analysis which contained more stems, 
the carotene content would be lower, while a plant with more leaves would 
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contain more carotene. This, and also the fact that plants are biological 
tissue in which changes are continually taking place, might help explain some 
of the variations from the normal trends. 

The differences in trends for the carotene content of the various plants 
during growth were interesting. In the case of alfalfa, brome grass, oats, 
and Sudan grass, the carotene content decreased from the earliest samples 
until maturity. The second growth of brome grass did show an increase 
during the first week, but thereafter the regular decrease was noted. The 
sweet clover showed a gradual increase during the first two weeks after which 
the trend was downward. In contrast to these plants the soybeans showed a 
progressive increase in carotene up to and including three weeks* growth 
after the first blossoms appeared, but thereafter a definite downward trend 
was noted. In the case of corn leaves, which were used in this investigation, 
rather than the entire plant, sampling was not begun until the tassels were 
out, at which time the carotene content was increasing. The increase con¬ 
tinued for two weeks, after which a definite and progressive decrease was 
noted. These variations in trends may be due entirely to plant, species differ¬ 
ences. It should be mentioned, however, that the blooming process in the 
ease of soybeans is slow and gradual. 

Prom the results obtained it would seem evident that plants should be cut 
at an early stage of growth in order to obtain the greatest carotene content. 
However, for ensilage the crop should be cut at that stage of maturity which 
is complementary to proper preservation in the silo. 

SUMMARY AND CONCLUSIONS 

1. Variations in the carotene consent of seven herbages were studied dur¬ 
ing their growing season. These herbages included alfalfa, brome grass, corn 
leaves, the oat plant, the soybean plant, Sudan grass, and sweet clover. 

. 2. The carotene content of these herbages is much greater during the 
earlier stages of growth than after they reach the stage of maturity at which 
they are usually harvested. 

3. The carotene content, when calculated in terms of micrograms per 
gram of dry matter shows a rather progressive decrease as the plants mature 
except where affected by factors governing the rate of growth. 

4. In making hay or silage, in order to obtain the greatest carotene content 
the plants should be cut at an early stage of maturity. 
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The stability of ascorbic acid in milk seems especially important inas¬ 
much as normal milk is not an abundant source of this vitamin. Being 
a reducing agent the presence of ascorbic acid influences oxidative changes 
in milk and thus has a bearing upon milk flavor. Within recent years 
many data have been presented showing factors which affect the ascorbic 
acid of milk and which affect the development of the oxidized flavor. 

Kende (8) demonstrated that heating milk to 85° C. (185° F.) for five 
minutes inhibited the development of the oxidized flavor while pasteuriza¬ 
tion at 63° C. (145.4° F.) for 30 minutes was ineffective. He observed 
that 0.05-0.10 mg. of CuS0 4 per liter was sufficient to cause the oxidized 
flavor in raw milk or milk pasteurized by the low-temperature holder 
process, while 24-40 times that quantity had no effect on milk pasteurized at 
the high temperature. His studies led him to conclude that milk highly 
susceptible to oxidation would oxidize only in the presence of an external 
oxidative agent (f.f/., metal salts, copper particularly) and these acting only 
in the presence of an organic ferment, which he named “oleinase.” The 
high-temperature exposure inactivated the “oleumse” thus inhibiting the 
development of the oxidized flavor. 

With some modification as to the time and temperature of heating, 
Guthrie and Bmeckner (6), Greenbank (5), Thurston (12), Chilson (2), 
Sharp, Trout, and Guthrie (10), Dalile and Palmer (3), and Gould and 
Sommer (4) noted also the inhibitory effect of high heat treatments of milk 
on the development of the oxidized flavor. Brown, Thurston, and Dustman 
(1) showed that the time of copper contamination with respect to the 
pasteurization exposure was an important factor in the development of the 
oxidized flavor. 

Chilson (2) added reducing agents, ascorbic acid, elone and hydro- 
quinone to milk and noted that their presence in sufficient quantities pre¬ 
vented the development of the oxidized flavor, for seven days, in milk which 

Received for publication October 23, 1939. 

1 Authorized as Mich. Agr. Exp. Sta. Jour. Article No. 397 (u.s.) 

2 The data presented in this paper are from a thesis submitted to the Graduate 
School of the Michigan State College in partial fulfillment of the degree of Master of 
Science, June, 1938. 
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ordinarily developed a very bad oxidized flavor within three days. He 
noted also that the addition of ascorbic acid to milk gave it a pleasing 
flavor, seemingly better than the original milk before it became oxidized. 
Fortified milk having 92.6 mg. of ascorbic acid per liter had only 85.2 mg. 
per liter when pasteurized at 143° F. (61.6° C.) for 30 minutes, whereas 
raw milk fortified with 150 mg. of ascorbic acid per liter retained all the 
ascorbic acid upon heating to 200° F. (93.3° C.) for a similar period. 

King and Waugh (9), Whitnah, Riddell, and Caulfield (13), Sharp, 
Trout, and Guthrie (10), and Dahle and Palmer (3) observed less destruc¬ 
tion of ascorbic acid when milk was heated out of contact with copper at 
temperatures of 160° F. (71.1° C.) or above than when holder pasteurized 
at 143-145° F. (61.6-62.8° C.). 

Hand, Guthrie, and Sharp (7) demonstrated that holder pasteurized 
milk voided of oxygen by vacuum cooling neither decreased the ascorbic 
acid content nor developed the oxidized flavor after holding seven days 
although 0.1 mg. copper per liter was added. In fact, pasteurized milk 
subjected to the vacuum cooling treatment was much higher in ascorbic 
acid after holding than the raw milk held for the same length of time. 

Gould and Sommer (4), studying the effect of heat on milk with special 
attention to the cooked flavor, found that the cooked flavor of milk was 
caused by the formation of sulphides which occurred when milk was sub¬ 
jected to sufficiently high temperatures or to other changes occurring 
simultaneous to this formation. They found that temperatures sufficiently 
high to cause a cooked flavor also largely inhibited the development of the 
oxidized flavor. However, when the addition of copper followed the heating 
process, no relationship between the cooked and the oxidized flavor was 
observed. They believed that in addition to being responsible for the 
cooked flavor of milk, the presence of these sulphides might explain the 
heat retardation effect resulting in the prevention of the development of 
the oxidized flavor, an effect attributed by Kende (6) to be due to 
inactivation of the organic ferment which he designated “oleinase.” 

EXPERIMENTAL 

The milk used in these studies was machine-drawn into an aluminum 
container from which it was poured into glass bottles and cooled immedi¬ 
ately. The samples were processed in glass, using laboratory equipment. 
The holding exposures employed were 63° C. (145.4° F.) and 75° C. 
(167° F.) for 30 minutes and 65 (149), 70 (258), 75 (167), 80 (176), 85 
(185), and 90° C. (194° F.) for ten minutes. Samples were flash pasteur¬ 
ized also at ranges of temperature from 60-97° C. (140-206.6° F.) for five 
to fifteen seconds by drawing the milk, using low vacuum, through glass 
tubing submerged in hot and cold water baths for appropriate heating and 
cooling. Thermometers placed in the line of flow indicated the desired 
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temperatures. The milk, stored at 5° C. (41° F.), was titrated daily for 
ascorbic acid, titrations being made from portions of each sample using 
2-6 dichlorophenolindoplienol according to the rapid method of Sharp (1). 

Copper was added to the milk in varying amounts before or after 
pasteurization as the experiment dictated. 

After sufficient storage the milk was examined organoleptically for 
flavor. 

For experiment 1, individual samples of milk were obtained frorti 20 
cows of the college herd and were cooled and treated at once. Each sample 
was divided into five lots: one lot served as a control; two lots were pasteur¬ 
ized at 63° C. (145.4° F.) for thirty minutes, after which 0.13 mg. of copper 
per liter was added to one lot; the two remaining lots were pasteurized at 
75° C. (167° F.) for thirty minutes, after which copper was added to one lot 
as above. 

In experiment 2, samples of milk from six individual cows were flash 
pasteurized at various temperatures from 60-97° C. (140-206.6° F.) and 
cooled within a period ranging from five to fifteen seconds. 

The milk used in experiment 3 was obtained from three cows, numbers 
30, 111, and 116, two Jerseys and a Guernsey, respectively. The milk 
was divided into two groups, I and IT, of six lots each, A, B, C, D, E, and 
F. The lots were again divided into six portions, 1, 2, 3, 4, 5, and 6 of 
200 ml. each. To the six 200 ml. portions copper was added at the rate 
of 0, 0.13, 0.26, 0.39, 0.52, and 0.65 mg. per liter, respectively. The copper 
was added to the milk comprising Group I before heating and to that of 
Group II after heating. Lots A, B, C, D, E, and F of both the Groups 
I and II were heated for exactly ten minutes at 65 (149), 70 (158), 75 
(167), 80 (176), 85 (185), and 90° C. (194° F.), respectively. The milk 
was treated and the ascorbic acid value determined the same day as milking 
as well as after various storage periods. 

RESULTS 

1. The effect of copper upon the stability of ascorbic acid and upon the de¬ 
velopment of the oxidized flavor when the milk was pasteurized for 
30 minutes at high and at low temperature. 

The catalyzing effect of copper upon the oxidation of ascorbic acid and 
upon the oxidation of the fatty constituents of milk was studied in 
individual samples of milk from 20 cows of the college herd. 

The data obtained are presented in tables 1 and 2, and are shown 
graphically in figure 1. 

An examination of the data of table 1 shows the catalyzing effect of cop¬ 
per upon the oxidation of ascorbic acid when the milk was pasteurized at 
63° C. (145.4° F.) for thirty minutes. This effect was very marked after 
the second and third days. On the fourth day no appreciable amount of 
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Key: - no oxidized flavor. 4 slight oxidized flavor. 

I doubtful oxidized flavor. 44 distinct oxidized flavor. 

444 very strong oxidized flavor. 
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ascorbic acid remained. Coincident with the marked decrease in ascorbic 
acid, the strong development of oxidized flavor was usually noted, How¬ 
ever, this observation was not consistent in all samples. Some samples, 
pasteurized at 63° C. (145.4° F.) and treated with copper, exhibited a very 
pronounced decrease in the ascorbic acid content without any, or possibly a 
slight, development of the oxidized flavor. This was observed in milk from 
cows number 13, 36, 37, 100, 116, 174, 237, and 239. Of these, milk from 
two cows, number 13 and 100, developed no noticeable trace of oxidized 
flavor even when contaminated with 0.13 mg. of copper per liter after 
pasteurization. 

The stability of ascorbic acid was slightly less on the average in raw 
milk over a three-day storage period than similar milk pasteurized by the 
holder method. A slightly greater loss of ascorbic acid was noted in the 
pasteurized milk than in the raw milk on the first day of storage. How¬ 
ever, on the second day the average losses were about equal. The stability 
of the ascorbic acid as a result of the high heat treatment was greatly in¬ 
creased over that when the low temperature was employed. Nevertheless, 
there was a continuous slight decrease in the amount of ascorbic acid 
present during storage as shown in table 2 and figure 1. 

The increased stability of ascorbic acid at the 75° C. (167°F.) exposure 
over that of the 63° C. (145.4° F.) exposure was shown more strikingly 
in the cases where copper was added to the milk. The presence of copper 
resulted in a slight decrease in the ascorbic acid of the milk similarly high 



DA YS 

Fig, 1. The relative stability of ascorbic acid in milk pasteurized for 30 minutes 
at 63° C. (145.4° F.) and at 75° C. (167° F.), respectively, with and without the addi* 
t-ion of 0.13 mg. per liter of copper following pasteurization. 
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heat treated without copper, but was comparatively stable compared to that 
in milk pasteurized at the lower temperature and held under similar condi¬ 
tions. Oxidized flavor did not develop in the samples thus high heat treated 
even in the presence of 0.13 mg. of copper per liter. 

An examination of tables 1 and 2, shows that milk from certain cows 
exhibited a natural stability in respect to ascorbic acid, particularly when 
untreated. This stability was especially noticeable in the case of cows 
number 30, 111, 116, two Jerseys and a Guernsey, respectively. An exami¬ 
nation of the oxidized flavor data showed that the pasteurized copper con¬ 
taminated milk from these cows was susceptible also to the development of 
the oxidized flavor. In fact, milk from cow number 111 had already shown, 
while raw, a tendency to develop the oxidized flavor. 

2. The effect of flash heating of milk at various temperatures upon the 
stability of the ascorbic acid. 

Individual samples of milk from 10 cows were flash pasteurized at 
various temperatures from 60-97° C. (140-206.6° F.) and cooled within a 
period ranging from f> to 15 seconds. Portions of each sample were titrated 
daily for seven days for ascorbic acid. 

An examination of the data obtained shows that the stability of ascorbic 
acid in milk from individual cows was not entirely the same under similar 
conditions of heat treatment; that flash pasteurization temperatures ranging 
from 85-95° C. (185-203° F.) had the most pronounced stabilizing effect 



DAYS 

Fig. 2. The effects of various flash pasteurization temperatures (° O.) upon the 
ascorbic acid content of milk from cow number 144 when stored for several days, June 
1927. 
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upon the ascorbic acid; that flash exposures below 75° C. (167° F.) had 
slightly less stabilizing effect upon the ascorbic acid than that existing 
naturally in the raw milk; that the critical flash exposure minima for 
ascorbic acid stability were between 75 and 85° C. (167 and 185° F.); and 
that milk having a naturally low ascorbic acid content usually showed 
greater increased stability of ascorbic acid upon flash heating than did those 
samples having a naturally high ascorbic acid value. 

Data obtained on the milk from two cows which seemed representative 
of those studied, are shown graphically in figures 2 and 3. 



DAYS 

Fig. 3. The effects of various flash pasteurization temperatures (° C.) upon the 
ascorbic acid content of milk from cow number 136 when stored for several days, June 
1937. 

3. The effect of ten-minute exposures at various temperatures upon the 
ascorbic acid content of milk and upon the development of the oxidized 
flavor when copper was added before and after heating . 

Mixed milk from cows number 30, 111, and 116 of the college herd was 
subjected to ten minute exposures at various temperatures. Copper was 
added to the milk before and after heating. The ascorbic acid values ob¬ 
tained on the milk with the various treatments, initially and after 24 hours 
storage, are presented graphically in figures 4 and 5. 

A temperature of 80° C. (176° F.) for 10 minutes seemed to be an 
exposure during which marked changes took place in milk as far as factors 
affecting the stability of ascorbic acid were concerned. When the copper 
was added to the milk before heating, the optimum temperature for the 
stability of ascorbic acid, regardless of the different amounts of copper 
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TEMPERA TUREi'd 

Fig. 4. The stability of ascorbic acid in milk when heated to various temperatures 
for ten minutes. The milk was contaminated with various amounts of copper (rag. per 
liter) before heating. Values at initial titration and after 24 hours storage respectively. 

added, was found to be 80° C. (176° F.). With the addition of increasing 
amounts of copper, the ascorbic acid content became less regardless of ex¬ 
posure, but 80° C. (176° F.) remained, nevertheless, the optimum tempera¬ 
ture of ascorbic acid stability for each individual series. At exposures 
above 80° C. (176° F.) the ascorbic acid was less stable. However, greater 
stability was exhibited in the milk heated above 80° G. (176° F.) for ten 
minutes than when heated to temperatures below 80° C. (176° F.). 

When the copper was added to the milk after heating, the maximum 
stability of ascorbic acid was noted at the 80° C. (176° F.) exposure also. 
However, at the exposures of 80° G. (176° F.) and above the ascorbic acid 
remained comparatively stable for each amount of copper added, an 
observation not noted when the copper was added 1o the milk prior to 
heating. 

The data showed that the development of oxidized flavor tended to 
follow the destruction of ascorbic acid. A marked decrease in the inten¬ 
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Fio. 5. The stability of ascorbic acid in milk when heated to various temperatures 
for ten minuter The milk was contaminated with various amounts of copper (mg. per 
litet) after heating. Values at initial titration and after 24 hours storage. 
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sities of the oxidized flavor was noted when the milk was heated to 80° C. 
for ten minutes, the critical exposure noted in this experiment for the 
stability of ascorbic acid. 

The time of adding copper with respect to the heat treatment was of 
importance also in the development of the oxidized flavor. When the cop¬ 
per was added to the milk after heating to 65 or 70° C. (149 or 158° F.) for 
ten minutes a distinct to a very strong oxidized flavor developed as con¬ 
trasted to a slight oxidized flavor development when the copper was added 
before heating. At the 75 (167), 80 (176), and 85° C. (185° F.) exposures 
little difference was encountered in the intensities of the developed oxidized 
flavors, which required the presence of from 0.26 to 0.39 rag. of copper per 
liter for acceleration, regardless of its addition before or after heating. At 
the 90° C. (194° F.) exposure, however, the oxidized flavor was not noted 
in the milk contaminated with 0.52 or 0.65 mg. of copper per liter before 
heating, but was slight to distinct when similar amounts of copper were 
added after heating. This observation would seem to indicate that copper 
present in milk at the time of heating must have been combined in part or 
rendered unavailable for acceleration of the oxidation of the fatty 
constituents. 

An important difference between the stability of ascorbic acid arid the 
development of the oxidized flavor was noted. The ascorbic acid exhibited 
maximum stability at a definite exposure, 80° C. (176° F.) for ten minutes, 
whereas no specific exposure was noted to be effective under all conditions 
in preventing the oxidized flavor development. Several factors, such as the 
amount of copper added and the time of addition with respect to the heat 
treatment, were of importance in establishing an exposure which would 
inhibit the development of the oxidized flavor. 

DISCUSSION AND SUMMARY 

Individual samples of milk from 20 cows were pasteurized for 30 minutes 
at 63° C. (145.4° F.) and at 75° C. (167° F.) with and without the addition 
of 0.13 mg. of copper per liter. The ascorbic acid was quite unstable in 
the milk processed at 63° C. (145.4° F.) with copper added following 
pasteurization. Such milk was very prone to the development of the oxi¬ 
dized flavor upon three days storage. Exceptions, however, were noted. 
The ascorbic acid of some cows’ milk seemed to exhibit a natural stability 
lacking in other samples. The rapid disappearance of the reduced form of 
ascorbic acid was not always an assurance that oxidized flavor would de¬ 
velop, inasmuch as some samples were found having no ascorbic acid after 
three days storage, yet, although copper was present,.oxidized flavor did 
not develop. 

When the milk was pasteurized at 75° C. (167° F.) for 30 minutes, the 
ascorbic acid exhibited marked stability with no development of oxidized 
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flavor after three days storage regardless of the presence of 0.13 mg. of 
copper per liter. 

Plash pasteurization of samples of milk from individual cows at tem¬ 
peratures ranging from 60-97° C. (140-206.6° P.) for fifteen seconds or 
less had varying effects upon the stability of ascorbic acid. The critical 
flash exposure minima for ascorbic acid stability were between 75 and 
85° C. (167 and 185° P .); exposures below having slightly less stabilizing 
effect and exposures above having a more pronounced stabilizing effect 
than that existing naturally in the raw milk. 

Samples of mixed milk from three cows were heated to 65 (149), 70 
(158), 75 (167), 80 (176), 85 (185), and 90° C. (194° F.) for ten minutes 
with and without the addition of various amounts of copper. A tempera¬ 
ture of 80° C. (176° F.) for 10 minutes seemed to be an exposure which 
caused marked changes in milk as far as factors affecting the stability of 
ascorbic acid and the development of the oxidized flavor were concerned. 
Whether copper was added before or after heating, the 80° C. (176° F.) 
exposure had the greatest stabilizing effect. When the copper was added 
to the milk after heat treatment a marked stability of the ascorbic acid 
was noted in the samples heated to 80° C. (176° F.) and above. However, 
when the copper was added before heat treatment this same stability was 
not observed. Furthermore, the addition of various amounts of copper 
before heat treatment seemed to have a greater destructive effect on the 
ascorbic acid, even at 80° C. (176° F.), than when the copper was added 
after heat treatment. 

As has been shown previously (1) the time of adding copper with 
respect to the heat treatment was of importance in the development of the 
oxidized flavor. When the milk was exposed to 65° C. (149° F.) or to 
70° C. (158° F.) for ten minutes and then treated with copper a distinct 
to a very strong oxidized flavor developed as contrasted to a slight oxidized 
flavor development when the copper was added before heating. At the 
75 (167), 80 (176), and 85° C. (185° F.) exposures little difference was 
encountered in the intensities of the developed oxidized flavor, which 
required the presence of 0.26 to 0.39 mg. of copper per liter to develop a 
distinct oxidized flavor, regardless of its addition before or after heating. 
At 90° C. (194° F.), however, the oxidized flavor was not noted in the 
milk contaminated with 0.52 or 0.65 mg. of copper per liter before heating, 
but developed slightly when similar amounts of copper were added after 
heating. 

Many observations on the flavor of milk treated at high temperatures 
in this and in other studies have shown a lessened tendency for the develop¬ 
ment of the oxidized flavor at temperatures at which the cooked flavor 
occurred. If distinct, oxidized flavors developed up to a certain tempera¬ 
ture of heat treatment they were generally “pure” oxidized after which 
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they usually become “pure” cooked. The similarity between the most 
effective temperatures in stabilizing the ascorbic acid and in retarding the 
development of the oxidized flavor found in these studies and the tem¬ 
peratures at which liberation of sulphides and cooked flavor occurred, as 
recently reported by Gould and Sommer (4), leads to the supposition that 
the formation of reducing substances at the higher temperatures, may 
play an important role both in the ascorbic acid titration values and in 
the development of the oxidized flavor. 
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THE EFFECT OF FEEDING PEA VINE SILAGE ON THE 
CAROTENE AND VITAMIN A CONTENT OF MILK 12 

B. CONNOR JOHNSON and W. TT. PETERSON 

Many farmers in pea canning areas have found that silage made from 
pea vines is a satisfactory feed for dairy cattle. A preliminary report 
was published last year (1) indicating that well-made pea vine silage may 
prove a valuable feeding material for improving the vitamin A potency of 
winter milk. A cooperative experiment was carried out in the winter of 
1938-39 with Warren G. Clark of the Central Wisconsin Canneries at 
Beaver Dam, on the feeding of pea vine silage to his dairy herd. The 
experiment was primarily to determine the efficiency of this type of silage 
in the production of milk of a high carotene and vitamin A content. A 
group of Holstein cows was fed this silage, while at the same time other 
cows of the same herd were fed the same dry ration without the added 
silage. Carotene determinations were made on the silage, and carotene 

TABLE 1 


Analysis of pea vine Milage 


No. 

Date 

Treatment 

Appearance 
and odor 

Dry 

matter 

pH 

Carotene 

t 

i 

2 i 

Pen Vine Silages from the Warren G. Clark Farm 

per cen t 

1 December 16, 1938 H 3 P0 4 Good 26.0 

4.2 

389 

3 ! 

' January 9, 1939 


“ 

23.3 

4.4 

98 

4 

February 6 

i « 

it 

1 21.6 

4.3 

114 

6 

I March 21 

< < 

i i 

26.4 

4.8 

117 

7 

1 April 17 

i i 

c < 

29.0 

3.9 

130 


Pea 

Vine Silages from Other Sources* 



1 ! 

November 16, 1938 

ir»P0 4 

Good 

23.5 

3.10 

163 

2 I 

“ 15 

A.l.V. 

“ 

19.7 

4.8 

232 

3 ! 

March 20, 1939 

“ 

“ ! 

31.6 

3.65 

187 

4 j 

December 16, 3938 

None 

a 

20.0 

4.8 

328 

5 j 

j April 17, 1939 

1 “ 

Poor odor 1 

23.9 

5.46 

170 

0 

! February 6, 1939 

< < 

Good 

21.8 

4.5 

172 

7 

January 12 

(( 

Fair 

20.2 

5.1 

50 

8 | 

i “ 12 

< < 

Poor 

18.8 

5.1 

7 

9 i 

i December 16, 1938 

! Stack, none 

Good 

27.7 

4.15 

186 

10 J 

“ 24 

t i it 

< < 

23.0 

4.32 

184 

11 

March 20, 1939 

a tt 

a 

23.5 

4.07 

145 

12 | 

December 16, 1938 

t( a 

“ i 

30.1 

4.45 

120 


* These are silo silages, unless otherwise stated. 
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a The authors are indebted to Warren G. Clark and Berger Sandstrom for their 
cooperation in planning and carrying out the feeding work of this paper. 
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and vitamin A determinations on the milk at regular intervals. Milk 
production records were also kept during the experiment. 

This pea vine silage was prepared with 55 per cent phosphoric acid 
added at the rate of one gallon per ton. The acid was diluted 1 to 4 
and put on the forage in layers, that is, pea vines were filled in for about 
one foot, diluted acid was poured over it; then another foot of pea vines 
was added and followed by acid, and in this way the silo was filled. This 
uneven addition of acid may explain the variations in carotene content. 
The carotene in the silage was determined by the method of Hegsted, 
Porter and Peterson (2). The results of the silage analysis are given in 
table 1. For comparative purposes, analysis of samples of pea vine silage 
of various types from other parts of Wisconsin are included in this table. 

Twenty-two cows were maintained on a ration consisting of 15 pounds 
of good quality alfalfa liay, 10 pounds dry corn stalks, 13 pounds corn 
and cob meal and soybean hay (equal parts by weight) and 25 pounds 
pea vine silage per cow per day, for the 17 weeks of the experiment. After 
several weeks on this ration, three cows were changed to a ration in which 

TABLE 2 


Analysis of milks from cows fed pea vine silage 


Bate 

Carotene* 

Vitamin A* 

Total potency* 


Bation** 

Herd rows 

January 3, 1939 

3.8 

11.3 

13.0 

Pea vine silage 

“ 9 

3.1 

11.1 

12.7 

11 

n a 

“ 23 

2.7 

11.0 

12.4 

*t 

tt a 

February 6 

3.2 

13.6 

15.2 

11 

a a 

<< 14 

3.3 

13.2 

14.8 

11 

a ( i 

March 15 

2.9 

10.7 

12.2 

i t 

a a 

1t 21 

3.0 

9.7 

11.2 

< i 

a a 

April 18 

2.5 

9.1 

10.4 

tt 

a tt 


Experimental cows 


December 20, 1939 

3.7 

! 10 6 

[ 12.5 

Pea 

vine silage 

January 3, 1939 

3.7 

1 11.5 

[ 13.4 

Silage omitted 

“ 9 

3.4 

10 6 

12.3 

it 

a 

“ 23 

2.6 

9.0 i 

[ 10 3 

t i 

it 

February 6 

2.5 

8.7 

10.0 

11 

tt 

“ 14 

2.9 

9.0 

10.5 

! Silage begun again 

“ 28 

3.7 

10.2 

12.1 

1 1 

continued 

March 15 

5.7 

9.6 

12.4 


< i 

“ 21 

2.5 

10.7 

12.0 

tt 

11 

April 18 

| 3.1 

10.3 

11.9 

tt 

n 


Milk from other herds on pea vine silage 


December 16, 1938 

7.1 

12.4 

15.9 

Source 

Columbus 

February 17, 1939 ! 

5.3 

9.1 

11.8 

tt 

January 4, 1939 

4.3 

9.1 i 

11.2 

Rockmarsh 


* Expressed in micrograms per gram butter/at. 
** See Table 3 for complete ration. 
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Fig. 1. Vitamin potency of herd and experimental milks. 


the silage was replaced by alfalfa hay on an equivalent dry matter basis. 
They were kept on this dry ration for 6 weeks, at which time the silage 
was again placed in the ration. 

TABLE 3 


Mill: production of experimental cows 


Bate 

Pounds 
of milk 
produced 

Ration per cow 

Fore Period. Silage 


Hay, alfalfa 15 lbs., pea vine silage, 25 lbs., corn 
stalks 10 lbs., corn and cob meal and soy bean 
hay 13 lbs. 

December 20, 1938 

55.7 

December 27 

53.0 

Same 

January 3, 1939 

55.0 

“ 

Test Period . No silage 


Same as fore period except pea silage replaced 
with alfalfa hay. 

January 6, 1939 

49.9 

January 9 

44.3 

Same 

January 17 

45.0 

i 1 

January 25 

46.5 

* 1 

February 7 

43.0 

. i < 

February 15 

41.5 


After Period. Silage 


Same as fore period. 

February 22 

40.8 

February 26 

40.5 

n tt n << 

March 14 

42.0 

it t i t ( It* # 

March 21 

39.3 

it tt it it * 

April 17 

36.7 

tt it t t it * 


* Pea vinesudan hay silage instead of pea vine silage. 
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The milk from both groups of cows was analyzed for carotene and 
vitamin A by the method of Olson, Hegsted and Peterson (3), at intervals 
throughout the experiment. Tlie results are given in table 2 and plotted 
on figure 1. In table 2 are also given for comparison, the results from 
milks from other cows on pea vine silage. In figure 1 the curves represent 
the total vilamin A value of the milk. In making this calculation, carotene 
is taken as having a potency one-half that of vitamin A, weight for weight 
(4). The milk production for the three experimental cows is given in 
table 3. 

DISCUSSION 

Pea vine silage has been reported as worth 91 per cent as much as good 
corn silage for dairy cows (5). It was also pointed out that less protein 
supplements are needed when pea vine silage is fed, as this silage is con¬ 
siderably richer in protein than corn silage. Morrison (6) has given the 
analysis for nutrients of a sample of pea vine silage and has pointed out 
its value in live stock feeding. 

From figure 1 it can be seen that the feeding of this pea vine silage 
at 25 pounds a day maintained the vitamin A and carotene at a high level. 
When the silage was omitted from the ration, the vitamin A value of the 
milk quickly decreased. On replacement of silage in the ration of the 
cows that had been on dry feed for six weeks, the vitamin A value of their 
milk rose again to approximately its former level, and a level equal to 
that of milk produced by the cows that had received silage throughout 
the experiment. This shows definitely that the silage was responsible for 
the high vitamin A value of this milk. Comparison shows these values to 
be much higher than the average values of winter market milks in this 
state. These were found by Dornbush et at. (7) for January 1939 to April 
1939 to average approximately 8.8 micrograms per gram butter fat. 

Also from table 3 the rate of decrease of milk production is found to 
be more rapid during the period when the cows did not receive silage. 
There was a decrease of about 0.4 pound per week in the fore period (two 
weeks), 2.2 pounds per week in the experimental period (six weeks) and 
0.6 pound per week in the after period (eight weeks). 

SUMMARY 

Cows fed a good quality of pea vine silage produced a milk higher 
in carotene and vitamin A than when fed a dry ration. They also main¬ 
tained milk production more satisfactorily on the silage than on the dry 
ration. It should not be concluded from these results, of course, that 
pea vine silage is always superior to alfalfa hay. Because of variations 
in the quality of both silage and hay, a general conclusion could not be 
drawn until after extended comparisons had been made. 
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THE RELATION OF IODINE AND PEROXIDE NUMBERS TO 
OXIDIZED FLAVOR OF MILK* 


I). II. NELSON and C. D. DA1ILE 
Dairy Department, Pennsylvania State College 

Observations on the iodine and peroxide numbers of milk fat have Jed 
to conflicting reports as to whether the milk fat itself or the fat globule 
“membrane’’ lecithin is the substance oxidized to give this flavor defect. 
Brown et al. (1) found no change in the iodine number of the fat when a 
copper-induced flavor had developed. Ross (2) found no relationship be¬ 
tween the iodine number and the oxidized flavor of ice cream. Several stud¬ 
ies (3, 4, 5, 6, 7) of the oxidation of butter and pure milk fat indicate no 
significant changes in any of the fat constants until the characteristic flavor 
and the fading of the natural color give unmistakable evidence of an ad¬ 
vanced state of deterioration. It has also been reported (8, 9) that the 
oxidized flavor appears before the end of the induction period of the fat, that 
is, in the early stages of deterioration. Briggs (3) has shown that peroxides, 
formed in the process of fat oxidation, do not interfere with or change the 
iodine value. Therefore a decrease in iodine number coincident with the 
development of the off-flavor would not necessarily be expected although the 
milk fat itself were the substance being oxidized to give the flavor. How¬ 
ever, Kende (10) and Dakle and Palmer (11) observed a lower iodine num¬ 
ber in the fat of spontaneously oxidized samples than in the heated control 
samples, suggesting that the milk fat itself had been oxidized. 

liable and Palmer held their samples “until the degree of oxidized flavor 
did not show 7 any increase,’’ possibly allowing the fat to reach the end of its 
induction period before the iodine number was determined. Furthermore, 
their unpublished data show that the milk fat obtained from the milk in all 
cases was practically colorless even when churned direct from the cow. 
This suggests that a very pale colored susceptible fat might be associated 
with the development of the oxidized flavor and witli the stability of the fat. 

Swanson and Sommer (33) determined the iodine number of the fat 
and the phospholipid fraction of oxidized flavored milk (copper induced) 
and found no change in the iodine number of the fat, but a lowering in the 
iodine number of the phospholipid fraction, indicating that the fat is not 
affected when an oxidized flavor occurs. 

Stebnitz and Sommer (7) found no relation between the carotene con¬ 
tent as indicated by the color, and the stability of the fat. This is in agree¬ 
ment with certain observations (11, 12) that the oxidized flavor bears no 

Received for publication November 13, 1939. 
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relation to the breed of eow producing the milk. Garrett et al. (14) ob¬ 
served that there was a close relation between the per cent fat and the 
yellow color of the milk, and that a high carotene content is coincidental to 
and helps preserve a good flavor. On the other hand Beck et al. (15) con¬ 
cluded that milk below the breed average in color intensity appeared to be 
related to oxidized flavor. The beneficial effects obtained by Anderson ct al. 
(16) in feeding pure carotene to prevent the development of oxidized flavor 
might be interpreted to support the findings of Beck et al. Although there 
may be no correlation between the color and stability of milk fat or between 
the color and oxidized flavor of the milk, there is some evidence that a sub¬ 
normal color is associated with the development of oxidized flavor. 

EXPERIMENTAL 

In these experiments milk was obtained from cows known to produce the 
spontaneous oxidized flavor. Care to avoid possible metal contamination 
and exposure to light was exercised. Part of the milk was centrifugally 
separated and the cream standardized to 20 per cent fat by adding some of 
the original whole milk. The remaining milk and the cream were each 
divided into three portions, one being unheated, one heated to 80° C. for .10 
minutes to inhibit the oxidized flavor, and the other heated to 62° C. for 30 
minutes. The heated samples were cooled and stored in the dark at 4.5° C. 
until examined and analyzed. 

Samples of milk and cream known to be resistant to spontaneous flavor 
were prepared in exactly the same manner except that copper was added to 
the lots heated at 62° C., after the pasteurizing was completed. 

The samples were examined for flavor when fresh and at 24-hour inter¬ 
vals until a pronounced oxidized flavor had developed and again at the time 
analysis of the fat was made. The iodine and peroxide numbers were deter¬ 
mined on the fresh samples and again when a pronounced oxidized flavor 
had developed and at various intervals during storage. The fat was ob¬ 
tained by churning sufficient milk or cream into butter which was then 
heated to 60° C. and transferred to a 50 ml. pyrex centrifuge tube, and cen¬ 
trifuged at 3500 r.p.m. for five minutes. The dry, pure, milk fat was re¬ 
moved and the iodine number determined by the Hanus Method and the 
peroxide number by the method described by Green bank and Holm (17). 

Typical results of the experiments with copper-induced flavor appear in 
table 1 and indicate no significant change in the iodine number or the per¬ 
oxide number even when a very strong oxidized flavor had developed. The 
samples stored for six weeks showed some protein decomposition. A strong 
oxidized flavor always appeared in the pure milk fat after storage although 
to the unaided eye there was no apparent fading of the natural color of the 
fat. Similar findings in regard to the iodine number have been reported 
before. 



TABLE 


OXIDIZED FLAVOR OF MILK 


393 


«n 

joqtunu oprxo-u)^ 

c o 
d d 

1 

t£ 

CD 

loquinu arnpoj 

OC O 
r-I Cl 

so n 


aOAT3[^ 

I 4- 

4* -4- 

3 weeks 

ioqttmu aptxojaj 

o o 
d d 

aoqtunu oinpoj 

Oi 

i-i ci 

CO CO 


aOAtq k j 

1 - + 

•1 + 


JOqUimi OpiXOIO^ 

O O o © 

o d d d 

5 days 

jeqatnu eutpoj 

ic v iq ».o 

ci ci ci c» 

co co co so 


aoAiq^ 

1 4- | 4 4- 

'V + t 


leqinnu oprxojoj 

0.0 

0.0 I 

tn 

>~k 

ctf 

oa 

aoqrann ouipoj 

32.6 

32.7 


10AV,[ A 

i + i i- 

4- 


joqiunu opixoa-M 

o o e e 
dod d 

7 

joqinnu ouipoj 

* 

OI N -* tO 

ci ci ci ci 

co eo co ro 


JOATJU 

1 1 1 1 

Samples 

(1) Control milk 

(2) Milk 4- 2 p.p.m. copper 

(3) Control cream 

(4) Cream + 6 p.p.m. copper 






394 


D. H, NELSON AND C. I). DAHLE 


Since four experiments using spontaneous milk gave the same results, 
only one experiment is included in table 2. No significant change in either 
the iodine or peroxide number occurred in samples having an oxidized 
flavor. The milks showed some protein decomposition after the long storage 
period at the low temperature. 

In holding these samples for such a long period of time a phenomenon 
occurred which was quite puzzling at the time. The sample heated to 80° C. 
showed no oxidized flavor but a cooked flavor as has always been the case. 
Later in the storage period the cooked flavor disappeared and finally after 
three weeks in storage a strong oxidized flavor occurred. This was con¬ 
trary to previous findings although previously samples showing the elimina¬ 
tion of the oxidized flavor with high temperatures were always discarded 
after approximately 72 hours. It has been assumed that the high tempera¬ 
ture of heating destroyed an enzyme that was responsible for the oxidized 
flavor. 

In view of the work of Gould and Sommer (19), and Josephson and 
Doan (20) one may attempt to explain this phenomenon on the basis that 
the high heat produced reducing substances which prevented the develop¬ 
ment of the oxidized flavor. On long holding at low temperatures the re¬ 
ducing substance became oxidized and the fat or fatty material in turn 
became oxidized giving rise to the oxidized flavor in this spontaneous milk. 

When oxidized flavor occurred in the milk or cream this flavor always 
carried over in the butter and the pure fat, yet the fat did not change in 
color. Unfortunately, spontaneous milk having initially a very pale-colored 
fat was not available for these experiments. 

This lack of fading of the natural color indicates, as will be shown later, 
that the fat had not reached the end of its induction period. This is be¬ 
lieved to be a significant factor in explaining the discrepancy between the 
results of these experiments and the results reported by others showing the 
relation of iodine number to spontaneous oxidized flavor. While Dahle and 
Palmer (11) fail to mention the color of the fat in their experiments their 
unpublished results show that the milk fat obtained from the milk was prac¬ 
tically colorless, even direct from the cow. Possibly this pale-colored fat 
had a very short induction period. The significance of this is emphasized 
by the experiments to follow. 

The fact that the peroxide number of the fat was always zero, even when 
the fat had a strong oxidized flavor, suggested that the peroxides might 
have been removed during the isolation of the fat. If such were the case the 
flavor of the fat could be explained by assuming the flavor substance to be 
absorbed by the fat and insoluble in water. The following experiment rep¬ 
resents many attempts to remove the peroxides by washing the fat with hot 
water. 

Dry, fresh milk fat was obtained from sweet, one-day-old cream that was 
known to be free from spontaneous oxidized flavor and to be free from any 
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This sample developed an oxidized flavor after 3 weeks m storage although it had a cooked flavor prior to that time. 
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metal contamination. This fresh cream was churned in a glass churn, the 
butter transferred to a separatory funuel and washed with hot (71° C.) 
water until the wash water was clear, which required three or four washings 
with a volume of water equal to the volume of butter each time. The hot fat 
was centrifuged for five minutes at 3500 r.p.m. The fat obtained was then 
placed in a carefully cleaned and stoppered flask, and incubated in the dark 
at 60° C. 

The fat was examined at intervals for flavor, peroxide number, iodine 
number and for any change in color noticeable without the aid of color 
standards. At certain stages of oxidation, as indicated by the peroxide 
number, a portion of the fat was transferred to a separatory funnel and 
washed three times, each time using a volume of clean hot (65° C.) water 
slightly greater than the volume of the fat. The fat was centrifuged for five 
minutes at 3500 r.p.m. and the peroxide number and flavor determined. 

TABLE 3 


Flavor and peroxide numbers of washed oxidised fat 


Days in 
dark at 

60° C. 

Color 

Iodine 

number 

Flavor 

! 

Peroxide 1 
number 

Kewashed fat 

Peroxide 

number 

Flavor 

0 

Yellow 

33.6 

— 

0.0 



4 

Yellow 


± 

0.0 



7 

Yellow 

33.3 

+ 

0.3 ! 



10 

Yellow 


4-4- 

1.8 ! 

1.7 

4- 4* 

15 

, Pale yellow 


^ + 

! 8.0 ! 

! 8.0 

+ T 

25 

1 White 

31.3 

4- + 

46.0 i 

45.5 

4-f 


The results in table 3 indicate that neither the peroxides nor the flavored 
substance are removed by washing the fat with hot water. Therefore the 
low peroxide number in tables 1 and 2 of fat isolated from milk or cream 
having a strong oxidized flavor cannot be due to the removal of peroxides 
during the isolation of the fat. Furthermore, in the autoxidation of pure 
fresh milk fat the authors have observed the appearance of the oxidized 
flavor as soon as, or slightly before the appearance of any peroxide number. 
It, therefore, seems that the determination of the peroxide number is not a 
sufficiently sensitive method to detect the extremely small concentrations of 
peroxides which may be produced during the formation of the flavored 
substance. This undoubtedly explains why Koenig (18) found no suitable 
correlation between the peroxide number and the flavor of butter. 

The observation that the oxidized flavor appears before the end of the 
induction period has been observed by others (8, 9). 

In the autoxidation of pure milk fat the authors noted that the fading 
of the natural color of the fat occurred with the beginning of the rapid in¬ 
crease in peroxide number, that is, at the end of the induction period. This 
is indicated in table 3 which also shows that the significant decrease in the 
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iodine number is more closely associated with fading of the natural color 
and the end of the induction period than it is with the appearance of the 
oxidized flavor. This agrees with the report of Briggs (3) who found no 
significant change in either the peroxide number or the iodine number 
during the induction period. 

Since the oxidized flavor appears early in the induction period, and since 
the change in iodine number is associated with fading of the natural color 
and the end of the induction period, it may be possible that a very pale- 
colored fat would show such a short induction period that the decrease in 
iodine number would appear approximately at the same time that the oxi¬ 
dized flavor appeared. In such a case, this would explain why Dahle and 
Palmer (11) using spontaneous milk with a very pale colored fat observed 
a decrease in iodine number, while the above results on spontaneous milk 
with a fat having an appreciable color and induction period did not show a 
decrease in iodine number with the appearance of the oxidized flavor. 

SUMMARY 

That the iodine number of milk fat does not decrease with the early de¬ 
velopment of the oxidized flavor, agrees with the majority of similar reports. 
This finding, however, is in conflict with certain investigations on spontane¬ 
ous milk m which the iodine number was found to decrease. 

It was observed that milk fat usually had a peroxide number of zero 
when freshly isolated, even from milk or cream having a strong oxidized 
flavor, which was carried over into the pure fat. Evidence is presented indi¬ 
cating that, it is not due to removal of the peroxide during the isolation of 
the fat. It is also shown that the peroxide number and iodine number do not 
change materially until the color of the fat is affected. 
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A YOLK-BUFFER PABULUM FOR THE PRESERVATION 
OF BULL SEMEN' 

PAUL II. PHILLIPS and HENRY A. LARDY 
Department of Biochemistry , College of Agriculture, University of Wisconsin, 
Madison, Wisconsin 

The difficulty of consistently preserving semen has been a serious 
obstacle in the progress of artificial insemination. In many cases low 
breeding efficiency has accompanied artificial insemination due to improper 
or faulty preservation and storage of the semen sample. This is particu¬ 
larly true when it was desired to use a stored sample over a considerable 
period of time. 

In the studies herein reported we attempted to determine certain con¬ 
ditions under which bull semen might be environed to maintain its potency. 
Our object was threefold: (a) to develop a suitable nutrient medium; (b) 
to obtain a nutrient solution that would maintain potency for a period of 
several days, thus eliminating the daily use of the bull; and (c) to develop 
a procedure which was applicable under practical conditions. 

A study of the literature indicates that buffered glucose solutions have 
been tried by Baker (2), Anderson (1), Molovanov (7), Ilyme (5), Walton 
(10), Winters ft at. (11), and others. Ivanov (G) and Bernslmteiu (3) 
have presented some evidence to indicate that glucose was not the energy 
metabolite used by spermatozoa. No clear-cut evidence was available to 
indicate the most favorable storage pH for semen, llatziolos (4) reported 
the average pH of 54 samples of bull semen to be 6.89. Sliergin’s data 
(0) indicate that the semen of most species is slightly alkaline. He gives a 
pH value of 6.74 for the bull. Anderson (1) uses a dilutor for ram semen 
buffered at pH 7.6. 

EXPERIMENTAL 

In order to keep these studies on a practical basis it seemed wise to 
first test naturally-occurring material. Since the egg is the counterpart 
of spermatozoa it seemed to be a likely starting material. Because of 
the buffering action of proteins, fresh egg white was used both with and 
without added glucose. This medium did little if any better than the 
control sample of raw semen stored under ideal physical conditions. 

Next a mixture of fresh egg yolk (hen) and a phosphate buffer was 
tried. The buffer was made up to a pH of 7.0 from M/15 potassium and 
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sodium phosphate solutions and mixed with an equal volume of fresh raw 
egg yolk. The semen was diluted 4:1 with this mixture. The results were 
extremely satisfactory. A repetition of the experiment was not so en¬ 
couraging. A study of the pH of the egg yolks in use showed a wide 
variation in pH (6.0-6.53). Yolk-buffer mixtures buffered at pH 6.6-6.65 
again gave excellent results. These experiments indicated that bull semen 
could be stored in buffered egg yolk. Egg yolk alone was less effective 
than buffered egg yolk. 

It appeared certain that controlled pH and a buffer system were 
necessary for the successful storage of semen for long periods. Phosphate 
buffers of various strengths, M/5, M/10, M/12, and M/15 were tried. 
Buffering with a stronger solution than M/12 phosphate was found to be 
detrimental. A series of studies was then made to determine the optimum 
pH for storage. Semen from ten bulls was stored in yolk-buffer solutions 
ranging in pH from 6.0-7.5. The optimum pH for storage was found to 
be 6.75 and the narrow pH range of 6.7-6.8 gave the best preservation of 
motility. The results are shown in figure 1. If the pH is skewed slightly 



Fig. 1 . A representative curve showing the effect of pH of the yolk buffer upon 
sperm survival. 

to the alkaline side to 6.8—6.9, a low grade (■+) motility can be maintained 
for a longer period than with a pH of 6.75. However, active motility of 
the order of + + + falls off much more quickly at pH 6.9. Considerable 
acidity develops during storage. At the end stage the pH is usually near 
6.0-6.1. It is possible that the higher pH delays the development of aeid 
in the final stages and thereby increases sperm survival. That this is not 
entirely the case is indicated by the fact that fresh buffer added from 
time to time to correct and maintain the proper pH does not prolong 
survival. 

The most favorable ratio of semen: yolk-buffer was next dete rmined 
It was found that excellent results were obtained with ratios up to 1:5. 
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The latter seemed to be the upper practical limit and the best routine 
results were obtained with a ratio of 1: 3 or 4. Optimum storage tempera¬ 
tures indicated maximum storage in the temperature range from 5-10° C. 
Temperatures outside of this range were definitely inferior. 

In connection with these studies numerous other substances and solu¬ 
tions have been tried. A dried pork liver suspension, dried liver extract 
solution, bovine blood serum and blood plasma, buffered egg yolk fat and 
materials collected from the testes and accessory glands of the bull were 
without benefit if not actually harmful to the sperm. Table 1 indicates 
that some success was obtained with dried egg yolk-buffer and boiled muscle 
extract. 

TABLE 1 


The comparison of various media with egg yolk-buffer as a pabulum 
for sperm survival 


Medan 


Motility and survival time 

in hours 



48 

72 

96 

120 

150 

200 

225 

300 

Buffered glucose 

dead 








Buffered lecithin (egg) 


dead 




' 



Evaporated milk 
(irrad.) 

4-f. 

dead 







Chick brain substance 

j 

++ < 

1 

i dead 






Boiled muscle extract ■ 

i 

■H+ t 

+44 


dead 





i 

Buffered dry egg yolk j 

El F | 

44+ 

44 

dead 





! 

Buffered egg yolk j 

■F-H-H- | 

444FF 

-HF-FF 

+444+ | 

F+4+-F 

4-44 

+F 

F 


These studies thus showed: (a) that egg-yolk furnished the necessary 
metabolite, or metabolites required by the spermatozoa of the bull, (b) 
that a buffered solution in a rather narrow restricted pH was necessary, 
and (c) that the proper combination of these two factors was highly satis¬ 
factory for the preservation of bull semen. With these results to guide 
us, the following procedure was developed and previously published in 
part (8). 

The buffer solution was made up with 0.2 gram of KH 2 PO* and 2.0 
grams of Na 2 HP0 4 ■ 12H a O per 100 cc. of distilled and sterilized H 2 0. 
This buffer can be kept in the refrigerator for short periods but works 
best when made up fresh. Equal amounts of the buffer and fresh egg 
yolk are then mixed. The proportion of buffer in this preparation is 
designed to yield a mixture whose final pH is 6.75. It should be checked 
before use and if need be adjusted. In 90 per cent of the cases the pH 
will be 6.75. Adjustment of pH is made with sterile solutions of either 
the monobasic potassium, or dibasic sodium salt as required. Yolk-buffer 
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mixtures with a pH lying between 6.7-C.8 will be found to be satisfactory. 
The yolk-buffer preparation is now ready for use. 

Freshly collected semen (the second ejaculate is often preferable where 
the bull is not used regularly and often enough) was then combined with 
the yolk-buffer in the proportion of 1:3 or 1:4. The yolk-buffer semen 
sample was then stored in stoppered containers kept in the refrigerator 
at a temperature of 10° C. No undue care has been found necessary in 
the cooling or warming of the sample. One can go from room temperature 
to 10° C. and back to room temperature without serious damage. 

Semen thus preserved maintains its original activity with remarkable 
consistency. A high grade, very active semen will maintain a high degree 
of activity for 100 hours and more. Semen from the bulls used in these 
tests maintained excellent activity up to 150 hours. Thereafter there was 
a gradual loss of motility during the next 100 hours. It was not at all 
uncommon for some activity to last beyond 300 hours. 

Semen suspended in yolk-buffer has been successfully shipped from 
British Columbia to the middle west and from coast to coast. 

In much of this experimental work we have* relied upon the microscope 
and sperm motility for the detection of semen quality. It appears that, 
within certain limits, a yolk-buffer-semen sample which shows vigorous 
activity under the microscope will usually be found to be potent. Table 
2 indicates that yolk-buffered semen is potent for a considerable time. 

TABLE 2 


iSummary < ; 'ceding records with yolk buffered semen on cows bred for 

sixty-three or more days 


Y.B. semen 
age (hrs.) 

No. of 
cows bred 

Total * 
services 

No. 

diagnosed 

pregnant 

Total* No. 
apparently 
pregnant 

j No. poor 
breeders** 

1-12 

28 

33 

9 

o 

CJ 

14 

12-24 

11 

12 

1 

fl 

3 

24-36 

58 

68 

17 

35 

21 

36-48 

2 

o 

i 1 

v> 

1 

48-60 

14 

15 

: r> 

5 

6 

60-72 

2 


! 0 

1 

1 

72-84 

2 

4 

! i 

1 ; 

2 

84-96 

0 

0 

0 

0 


96-108 

8 

8 

i 

2 

4 

124 

1 

1 

i 

1 j 

0 

151 , 

1 

1 

! i 

1 

0 

180 ! 

1 

1 

l 

1 

0 

196 ! 

1 

1 

0 

0 

1*** 


* This figure includes the cows diagnosed pregnant and those apparently pregnant 
but undiagnosed. At least 03 days had elapsed since breeding and without 
reoccurrence of oestrum. 


** Cows with a history of repeated breeding. 

*** This cow had been previously bred 3 times. 

These data were compiled from two breeding rings and the University 
herd. At the moment it has not been possible to have pregnancy diag- 
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noses on all cows inseminated with yolk-buffered semen. Two problems 
have come to our attention in this connection. One is the fact that there 
has been a “repeater” list (cows that require more than one service to 
settle) in this group of breeding cows. In these experiments the repeaters 
averaged slightly more than 40 per cent of the animals under observation. 
Secondly, a certain group of cows would apparently settle after service 
and skip several heat periods following insemination but later they show 
estrum and rebreed. Whether or not pregnancy occurred in these cows 
could not be determined. As far as we can ascertain these two problems 
are present in the herd irrespective of natural or artificial service used 
in the insemination. The yolk-buffer did not produce or prevent this 
condition. In view of the excellent results obtained in these experiments, 
it appears that the egg yolk constituents were completely metabolized or 
eliminated without harm to the cow. 

One more point should be made clear. There is a great variation in 
the quality of bull semen. The yolk-buffer solution does not improve a 
poor sample of semen. We have noticed a distinct difference in the length 
of time semen can be preserved from bulls of different potency ratings. 
The bull that produces an excellent semen with high initial activity can 
be successfully stored for longer periods than the semen from a bull that 
produces a less vigorous semen sample. 

SUMMARY AND CONCLUSIONS 

A method for the preservation of bull semen has been described. This 
method makes use of egg-volk buffered at pH 6.75 as the pabulum for 
spermatozoa. By this means the fertilizing capacity of vigorous sperma¬ 
tozoa has been regularly maintained for periods in excess of 100 hours, 
if stored at 10° C. This method has been successfully used under practical 
conditions. 

Under these environmental conditions bull semen can be successfully 
stored to give consistent preservation of its fertilizing capacity under prac¬ 
tical conditions. Yolk-buffer maintains potency equivalent to the original 
semen for a variable period depending upon the quality of the fresh semen 
sample. Cows have been successfully bred with yolk-buffered semen stored 
for 150 to 180 hours. 
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THE COAGULATION TEMPERATURE OF MILK AS AFFECTED BY 
pH, SALTS, EVAPORATION AND PREVIOUS HEAT 
TREATMENT ' 

P. O. MILLER and H. H. SOMMER 
Department of Dairy Industry , University of Wisconsin 

The stability of milk under various conditions has been studied from both 
a theoretical and practical standpoint. The milk has been subjected to tem¬ 
peratures ranging from room temperature to 150° C., and to the influence 
of salts and acids that are foreign as well as those normal to milk. Although 
valuable information has been added to our knowledge of milk, yet many 
theoretical and practical questions have not been answered which are sig¬ 
nificantly related to the stability of milk during pasteurization, boiling, 
preparation of various food-stuffs involving milk, and the manufacture of 
condensed and evaporated milks. The purpose of the work presented herein 
is to show the relationship between the pH and the coagulation temperature 
of milk ranging from about room temperature to the coagulation tempera¬ 
ture of stable milk, and to show the effect of added salts, evaporation and 
previous heat treatment in displacing the “coagulation curve.” 

HISTORICAL 

It has been known for a long time that fresh milk would coagulate at 
elevated temperatures. Hammarsteii (10) in 1874 reported that the coagu¬ 
lation temperature varied from 130 to 150° C. Oazeneuvc and Haddon (5) 
attributed the curdling of milk at 130° C. to the formation of acids, mainly 
formic, from lactose oxidation. Bardach (1) failed to confirm this conclu¬ 
sion. Milroy (20) showed that heating slightly increased the acidity of milk. 
More recently Whittier and Benton (43, 44, 45) concluded that the rate of 
acid production during heating at 90 to 120° C. was a direct function of the 
time and temperature of heating, and lactose concentration. Their results 
indicate that acid production may become an important factor with long 
holding periods at elevated temperatures. Holm, Deysher and Evans (11) 
concluded that the relationship between time and temperature of coagula¬ 
tion was of a logarithmic nature. 

The early workers, such as Stokes (33), Thorncr (37), Rideal (25), 
Richmond and Harrison (24) and Kastle and Roberts (14), showed that the 
acidity-curdling temperature relationship varied considerably between 
milks. Recently Benton (2) reported that wide variations existed even in 
the milk from different quarters of the same udder. The aims of the present 
paper are most closely indicated by the work of Tapernoux and Katrand jieff 
(35) in which the change in titratable acidity, pH and approximate curdling 
temperature was determined for a sample of milk held at .14° C. 
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The early workers observed that not only an increase in acidity but also 
the addition of salts would lower the coagulation temperature of milk. 
Ringer (26) in 1890 was one of the first to report such findings. Oonradi 
(6) found that the addition of 0.2 to 0.6 per cent calcium chloride would 
coagulate milk at 45 to 65° C., while larger or smaller amounts would not 
coagulate the milk. Loevenhart (19) likewise found an optimum concen¬ 
tration of CoCl 2 , CaCl 2 , MnCl 2 , and NiCl a for the coagulation of milk at 40 
to 60° C. 

Within recent years the problem of the heat stability .of milk has re¬ 
ceived considerable attention due to the development of the evaporated milk 
industry. Sommer and Hart (30) in 1919 studied the coagulation of milk 
from individual cows at^l36 0 C. and found that some samples coagulated in 
90 seconds while others failed to coagulate in 20 minutes. No relationship 
was found between the coagulation and the titratable acidity or pH of the 
fresh milk samples. The differences in coagulation were found to be due 
mainly to the relative amounts of calcium and magnesium as compared to 
the citrates and phosphates present in the milks. An excess of either of 
these two groups caused decreased stability; for maximum stability they 
must be present in the proper ratio or balance, Rogers, Deysher and Evans 
(27) in 1921 found no correlation between the coagulation of the raw mixed 
herd milk and the same milk after evaporation. They were also unable to 
find by means of chemical analysis any relation between the acid-base ratio 
in the raw milk and the coagulation temperature of the evaporated product. 
However, Sommer and Hart (31) in 1922 showed conclusively that evapo¬ 
rated milks could be stabilized by small (within limits of analytical experi¬ 
mental error) additions of citrates or phosphates and the same milks 
destabilized by calcium. 

Various investigators have confirmed the conclusion that salts are an im¬ 
portant factor in the heat stability of milk and milk products; namely, 
Benton and Albery (3), Whitaker (42), Holm, Webb and Deysher (12). 
Webb and Holm (40), Welch and Doan (41), and Tracy and Iiuehe (38). 
The results of Webb and Holm, and Holm, Webb and Deysher have been 
summarized (18) to show throe types of milk. All skim milks of normal 
concentration are reported to be stabilized by phosphate and destabilized by 
calcium. When the skim milks were concentrated to half their original 
weights, they obtained type I, which was destabilized by calcium and first 
stabilized, then destabilized by larger additions of phosphate; type II, de¬ 
stabilized by both calcium and phosphate; and type III, destabilized by 
phosphate and first stabilized, then destabilized by additions of calcium. 
Welch and Doan (41) found that milk from cows with subelinical mastitis 
reacted like type III milk. 

Sommer and Hart (32) found cases where the milk could be improved 
by small additions of acids. These results have been confirmed by sev- 
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eral other investigators. Benton and Albery (3) found that within the 
pH range of 6.58 to 6.65 the salt balance changes had a marked effect, 
while outside this range, changes in pH were the predominant factor. 
They concluded each sample of milk had its own optimum of pH and salt 
balance. A similar conclusion was reached by Webb (39) and Kamsdall, 
Johnson and Evans (23). 

The probable role of rennet-producing organisms in the heat coagula¬ 
tion of milk was studied by Frazier (9). The effect of renin, acid and 
calcium appeared to be additive. 

Previous heat treatment has been shown to be an important factor in 
the heat stability of milk. Conradi (6) in 1901 found that if the milks 
were first heated to above 60° C., the coagulation on addition of calcium 
chloride occurred at temperatures of 8 to 12° C. lower than in the case of 
unheated controls. Webb and Holm (40) found that milks with a solids- 
not-fat content of around 13 per cent were not affected by forewarming, 
but milks of lower solids were destabilized while milks of higher concen¬ 
trations were stabilized. Various other workers have reported beneficial 
effects upon the concentrated product from forewarming (27, 7, 17, 16, 
32). The results show the optimum forewarming temperature to be near 
100° C. when heated for ten minutes. The relationship between tempera¬ 
ture, time, method of forewarming and concentration has not been 
satisfactorily determined. 

The effects of forewarming may be attributed to a number of factors. 
Soldner (28) in 1888 showed that boiling caused a precipitation of a 
portion of the calcium phosphate from milk. This has been confirmed by 
many other investigators. Palmer (22) concluded it was the colloidal 
CaHPO* that was affected by heating, however, beneficial effects of fore¬ 
warning suggest the precipitation of soluble calcium salts. Sommer and 
Hart (32) found larger amounts of soluble calcium in samples of milk 
heated at 180° F. than when heated at 210° F. Sommer (29) showed 
that part of the beneficial effect was due to the precipitation of albumin. 
Svedberg, Carpenter and Carpenter (34) found that the molecular weight 
of pure casein was doubled by heating to 40° C. On the other hand, 
Nichols, et al. (21) concluded that the particle-size distribution of the 
calcium caseinate in skim milk was not affected by preheating at 65 to 
95° C. Howat and Wright (13) found that heating calcium caseinate at 
120 ° C. for 1 to 5 hours liberated free phosphorus and nitrogen, lowered 
the base-binding capacity and liberated calcium with the result that the 
product was less heat stable. 

EXPERIMENTAL 

One of the difficulties in studying the heat stability of milk is the lack 
of a satisfactory method for measuring the coagulation point of the milk. 
The results shown in figure 1 were obtained by forcing the milk by means 



408 


p. G. MILLER AND H. H. SOMMER 


of air pressure through small glass tubing extended through a water bath 
in which the temperature was gradually increased, and allowing the 
heated milk to drip at a constant rate onto a black plate glass. The 
occurrence of coagulation was easily detected by observing the milk as it 
flowed over the black glass, and at the instant of coagulation the tempera* 
ture of the water bath was taken as the coagulation temperature of the 
milk. An adaptation of this plan for measuring coagulation at elevated 
temperatures involved many difficulties and was abandoned. 

The method finally deemed most satisfactory for high temperatures 
was a modification of the one used by Sommer and Hart (30). This con¬ 
sisted of sealing the milk in glass tubes made from 8 mm. pyrex tubing, 
placing the tubes of milk in a rack which was then immersed in a thermo¬ 
statically controlled oil bath. The rack was clipped onto a shaft which 
was rocked back and forth by mechanical means so that the milk flowed 
from one end of the tubes to the other, with a pause at each position to 
allow complete flow of milk. Therefore, uniform agitation was obtained 
and at the same time the coagulation time could be detected by noting the 
flow of the milk. In order to decrease as much as possible the factor of 
acid production from lactose oxidation, a time interval just ample to 
allow the sample to reach the oil bath temperature was chosen. Thermo¬ 
couple measurements showed that the milk came up to the temperature of 
the bath in 85 to 110 seconds; hence, the coagulation point or temperature 
was fixed as that temperature at which the milk would coagulate in just 



Fia. 1. The effect of salts and pH on the coagulation temperature of milk at 
temperatures below 100° C. 2 ml. M/4 salt added per 100 raL skim milk. 
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two minutes from the time the sample was placed in the oil bath. Since 
numerous tests would be necessary to determine the temperature which 
would cause coagulation in exactly two minutes, the coagulation time was 
determined at temperatures above and below this time limit. These results 
were plotted, and the coagulation temperature for a two minute heating 
period was obtained by interpolation. For each sample a series of sub¬ 
samples was prepared ranging from about pH 5.0 to 6.8. The tempera¬ 
ture required to produce coagulation in two minutes was determined for 
each sub-sample and plotted against the pH. The curve plotted in this 
manner is designated as the coagulation curve of the sample. 

The acidification of sub-samples was accomplished by fermentation in 
the case of figure 1, and by acid additions in all subsequent experiments. 
This was done by adding diluted lactic acid in a very fine stream with the 
milk in vigorous agitation. To study the effect of the dilution involved, 
acidification of some samples was accomplished by agitating the milk in 
contact with air containing controlled amounts of HC1 gas, with and 
without dilution. 

Due to the amount of work involved, it was necessary to make up the 
samples one day, store them in the ice box and run the coagulation points 
and pH the following day. The pH was determined with the quinhy- 
drone electrode, the temperature being maintained at 25° C. by means of 
a thermostatically controlled water bath. 

A comparison of the methods of acidification (Curves G, II, I, Fig. 2) 
showed no detectable effect on the coagulation curve below pH 6.4. The 
control sample in figure 1, acidified by fermentation, shows a slightly 
different curve. Without further study it is not known to what extent the 
difference. is due to other effects of fermentation, e.g. f citrate destruction, 
or to the method of heating. 

Added salts displaced the coagulation curves as shown in figures 2 and 
3. This displacement was into the more stable region by Na 2 HP0 4 . 
Na a C e H 7 Ofi and IC 2 C0 3 and into the less stable region by CaCl 2 and 
Ca(C2H 8 0 2 ) 2 , except at a pH above 6.5. The addition of phosphate, 
citrate or carbonate to the fresh skim milk (pH above 6.5) lowered the 
stability of the skim milks. The amount of calcium added also decreased 
the heat stability, but a smaller addition of calcium would have increased 
the heat stability of these skim milks as is revealed by results recorded in 
table 1. Since these milks at their initial pH were deficient in calcium 
for maximum heat stability, the first increases in acidity had an effect 
analogous to that of adding small amounts of calcium salts. 

The results presented in figure 4 show that the addition of salts at a 
rate which produces maximum effects in the fresh milk, as indicated in 
table 1, has very little effect at lower pH. A portion of this sample con¬ 
densed 2:1 illustrates the form of coagulation curve given by condensed 
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milk. The condensed portion reacted still less, but similar to that of the 
original, to the addition of phosphate, calcium and acid. 

Figure 5 shows the effect of larger additions of salts on the coagulation 
curve of the skim milk sample before and after condensing. Adding 
various amounts of calcium and phosphate, from minute to large quan¬ 
tities, showed that the condensed portion was destabilized by both salts. 



FiG. 2. The coagulation temperature of skim milk as affected by pH, salts and 
method of acidification. 

Added to 100 ml. of skim milk (before acidified with HOI vapors) -2 ml. of: 

A—water I >—water 

B—M/4 Na 2 HP0 4 E—M/4 Na 8 P0 4 

0—M/4 K*CO* F—M/4 K*CO, 

Added to 100 ml. of skim milk: 

G—5 ml. water; then acidified with HC1 vapors. 

H—5 ml. dilution; acidified with lactic acid solution. 

I—no dilution; acidified with IIOl vapors. 

Temperature scale on the right relates to G, H, & X. 

Temperature scale on the left relates to A, B, C, D, E, & F. 
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On the other hand, the curves show that the sample was increased in heat 
stability by adding acid. 

The similarity of the effects of preheating and pH, and of evaporation 
and pH on the coagulation temperature of slum milk is illustrated in figure 
6. Curve A gives the coagulation curve of the original skim milk and 
curve F shows how it was displaced merely by preheating. These are 



Fig. 3. The coagulation temperature of skim milk as affected by pH and soils. 
Added to 100 ml. of skim milk (before acidified with HC1 vapors) -2 ml. of: 

A—water 
B—M/4 NtisHPOi 
C—M/4 CaOlj 
D—M/4 Na a C rt IIA 

Added tp 100 ml. skim milk (before acidified with 3 ml. lactic acid solution) -2 
ml. of: 


E—M/4 CaCls ) pH H bove 6.4 by adding NaOH 

F— M/4 Ca(C«H»0*)*y > * 

G—M/4 Na 8 PO< 

H— water 
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compared to the displacement by condensing the preheated sample (curve 
M) and by condensing the unpreheated sample (curve P). Heating at 
90-98° C. for 30 minutes made the skim milk of normal solids content less 
stable to heat at pH values above 6.5 and below 6.1. The concentrated 
portions showed the same trend in that the preheated sample was less 
stable than the sample not preheated at pH values above 6.15 and below 
5.75. 



Fig. 4. The coagulation temperature of skim milk as affected by pH, salts, and 
evaporation. 

Skim milk—to 300 ml. added (before acidifying with 4 ml. lactic acid) 0.8 ml. of: 
A—M/4 Na 2 HP0 4 
B—M/4 Ca(C 8 H 8 O a )fi 
C—water 

Skim milk preheated at 98° C. for 5 minutes and evaporated 2:1 .at 59° C., 100 ml. 
portions treated as above: 

D—M/4 Na 8 HP0 4 
E—M/4 Ca(C 2 H 8 0 8 ) 2 
F—water 






THE COAGULATION TEMPERATURE OP MILK 


413 


< § e tt E .2 
o-S'g ^.S-g 
■fL* §'E/§ S 

tr A >h tf* « 

Sue guo 



414 


P. G. MILLER AND H. II. SOMMER 



Fig. 5. The coagulation temperature of skim milk as affected by pIT, salts and 
evaporation. 

Skim milk—8.6% T.S.—to 100 ml. added (before acidifying with 2.8 ml. lactic 
acid solution) 1.2 ml. of: 

A—M/4 Ca (0*11*0*), 

B—M/2 tl —pH above 6.5 by adding XaOH 

0—M/4 Na a HP0 4 
D—M/2 “ 

E—water 

Skim milk—16.5% T.S.—100 ml. portions treated as above: 

M —M/l Ca(C*H a O s )s 
N—M/4 Na,HP0 4 
O—M/1 “ 

P—water 

The curves of figure 7 show that calcium and phosphate displaced the 
coagulation curve of the samples represented in figure 6 in the usual way; 
that is, after the milks have reached their maximum stability further in¬ 
crease in the H-ion concentration caused the phosphate to displace the 
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Fig. 6. The coagulation temperature of skim milk as affected by pH, preheating 
and evaporation. 

A—Skim milk 8.7% T.S,; not preheated; diluted 4.4 ml. per 100 ml. 

F—Skim milk 8.7% T.S.; preheated at 90-98° C. for 30 minutos; diluted 4.4 ml. 
per 100 ml. 

M—Skim milk 20.1% T.S.; preheated at 90-98° C. for 30 minutes before evapora¬ 
tion; diluted 8 ml. per 100 ml. 

p—Skim milk 19.6% T.8.; forewarned only to 60° C. before evaporation; diluted 
8 ml. per 100 ml. 

the coagulation curve into the more stable region while calcium displaced 
the curve into the less stable region. A possible explanation of this is 
indicated by the results in table 2. It is shown that as the temperature of 
the milk is increased from 20 to 60° C., the pH of the milk is lowered. 
The presence of added calcium in the milk caused the pH of the milk to 
be decreased more rapidly while added phosphate caused the decrease to 
be less rapid than in the normal milk containing no added salts. 
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An increase in the acidity of milk with increased temperature was 
pointed out by Buncombe (8) in 1924. Zoller (46) had shown in 1920 
that solutions of milk salts attained a higher pH after they had been 
heated in the presence of additional citrates. The changes in pH of 
various buffer solutions with temperature have been studied by many 
workers. As an example of the results, Kolthoff and Tekelenburg (15) 
reported that a 0.05 M potassium acid phthalate solution increased in pH 
from 3.94 at 18° C. to 4.05 at 60° C. and a 0.1 M tri-sodium citrate solution 
decreased in pH from 9.18 at 18° C. to 8.82 at 60° C. The significance to 
the heat stability of milk of various physico-chemical equilibria at elevated 
temperatures is further emphasized by the following formula for the iso¬ 
electric point of a simple monobasic, monoacidic ampholyte (36) 


TABLE 2 

The effect of calcium and phosphate on the change in pH of milk with 
increased temperatures 


Temper¬ 

ature 

M/20 potassium 
acid phthalate ; 


100 ml. skim milk plus 2 

ml. of 


water 

M/4 CaAc 

M/4 Na*HP0 4 

pH 

±pH at 
20° 

pH 

+ pH at 
20° 

pH 

+ pH at 
20° 

pH 

+ pH at 
20° 

20 

3.93 


6.64 


6.51 


6.75 


30 

3.97 

0.04 

6.55 

0.09 

6.37 

0.14 

6.65 

0.10 

40 

3.99 

0.06 

6.45 

0.19 

6.27 

0.24 

6.60 

0.15 

50 

4.02 

0.09 

6.34 

0.30 

6.14 

0.37 

6.51 

0.24 

60 

4.07 

! 0.14 

6.23 

♦ 0.41 

6.05 

0.46 

6.35 

1 0.40 


Note. Ecalomel N/10 from International Critical Tables 1: 81. 1926. 
= 0.7176 -0.00074t (4). 


The value of k w , the dissociation constant for water, increases markedly 
with temperature. The effect of temperature on k u and k b for milk pro¬ 
teins is not known. It is conceivable that coagulation at elevated tem¬ 
peratures may be due to shifts in these constants such that the, iso-electrie 
point is approached. 

The effect of pH on the coagulation temperature of the various original 
skim milks represented in the previous curves is summarized in figure 8. 
Three of the skim milks were initially unstable. Merely by decreasing the 
pH, they were stabilized to a coagulation temperature above 152° C. Be¬ 
tween pH 6.6 and 6.4 the coagulation temperature showed very little change 
with pH. Decreasing the pH from 6.4 to 6.2 rapidly decreased the coagu¬ 
lation temperature from near 155° C. to about 90° C. Then decreasing 
the pH from 6.2 to about 5.4 gave a very gradual decrease in coagulation 
temperature from about 90° C. to near 65° C. Points below pH 5.4 were 






THE COAGULATION TEMPERATURE OP MILK 


417 



Pig. 7. The coagulation temperature of skim milk and of the evaporated skim 
milk as affected by pH, salts and heat treatment. 

Skim milk—8.7% T.S.; not heated; to 100 ml. added (total dilution 4.4 ml. due to 
salt sol’ii, lactic acid and water): 

A—water 

B—2 ml. M/4 calcium acetate 
0—2 ml. M/4 di-sodium phosphate 
D—0.8 ml. M/4 calcium acetate 
E—0.8 ml. M/4 di-sodium phosphate 

Skim milk—-8.7% T.S.; heated for 30 min. at 90-98° C.; to 100 ml. added (total 
dilution 4.4 ml. etc.): F _ watpr 

G—1.0 ml. M/4 calcium acetate 
H—1.6 ml. M/4 di-sodium phosphate 

Skim milk—20.1% T.8.; preheated 30 min. at 90-98° C.; to 100 ml. added (total 
dilution 8 ml. etc.) : M —water 

N—4 ml. M/4 calcium acetate 
O—4 ml. M/4 di-sodium phosphate 

Skim milk—19.6% T.S.; forewarmed to 60° C.; to 100 ml. added (total dilution 
8 ml* etc.) : p—water 

Q—4 ml. M/4 calcium acetate 
R—4 ml. M/4 di-sodium phosphate 
S—1.2 ml. M/4 calcium acetate 
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not very definitely determined, however, the results indicate that decreas¬ 
ing the pH from 5.4 to about 5.2, decreased the coagulation temperature 
from about 65° C. to near 35° C. It also appears that decreasing the pH 
from 5.2 to 4.7, the iso-electric point of casein, would give another region 
of gradual decrease in coagulation temperature. 

SUMMARY AND CONCLUSIONS 

1. Sealing the milk in small glass tubes and subjecting them to a 
rocking motion in an oil bath was found to be a convenient method for 
studying the heat coagulation of milk. The milk came up to the tempera¬ 
ture of the oil bath in less than two minutes. 

2. The relationship between pH and coagulation temperature of skim 
milk formed a characteristic coagulation curve. The milks were very 
sensitive to pH changes within two pH ranges; from approximately pH 



FlG. 8. The effect of pH on the coagulation temperature of skim milks represented 
in figures 2 to 7. 
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6.4 to 6.2 and to a lesser extent between pH 5.4 and 5.2. The maximum 
coagulation temperature of all the milks studied was above 152° C. The 
coagulation temperature of milks initially less stable than this was in¬ 
creased in heat stability by adding acid. 

3. The presence of added salts displaced the coagulation curve; at pH 
values below 6.4, phosphate displaced the curve into the more stable region 
whereas calcium had the opposite effect. The effect at pH values above 
6.4 depended upon the milk in question. The milks were initially destabil¬ 
ized by adding phosphate and the subsequent addition of acid restabilized 
the samples. The addition of small amounts of calcium stabilized the milks 
but larger additions destabilized the milks. 

4. Concentrating and preheating displaced the coagulation curve of the 
milks in the same general manner, but the effect of concentrating was much 
greater than the effect of heat treatment alone. The presence of added 
salts displaced the coagulation curve for concentrated and preheated milks 
in a manner similar to that of the original milk. 

5. The pH of the milk was decreased at increased temperatures; the 
presence of added calcium increased the effect of temperature changes while 
phosphate had the opposite effect. A more detailed study of various 
physico-chemical equilibria in milk at elevated temperatures would there¬ 
fore appear to be a definite contribution to the problem of the heat stability 
of milk. 

6. These conclusions are based on tests involving definite conditions, 
such as heating and holding so that coagulation occurred in two minutes, 
and do not necessarily represent the behavior of milk under other 
conditions. 
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THE KEEPING QUALITY OF BUTTER 

V. M. SOBEN8KN 
National Buffer Co. } Dubuque, Iowa 

A factor in butter merchandising 1 which is coming in for increasingly 
greater emphasis is the keeping quality of the product. The ability of any 
given lot of butter to retain its desirable flavor and odor characteristics 
through regular trade channels and into the hands of the ultimate con¬ 
sumer is a vital consideration in the manufacture and sale of high quality 
butter. The present discussion deals with the problem of butter keeping 
quality from the standpoint of the butter manufacturer and the butter 
merchandiser. It involves keeping quality examinations on 22,060 samples 
of creamery butter, each sample representing a regular commercial churn¬ 
ing. The writer personally visited all creameries concerned at frequent 
intervals. The object of this work has been to determine by practical 
methods, the causes and elimination of defective keeping quality under 
commercial conditions. 

HISTORICAL 

An extensive review of the literature pertaining to butter keeping qual¬ 
ity was presented by Herried and associates (1) and later by Jacobsen (7). 
In the current study it was desirable to confine observations to butter 
defects which developed in fresh butter at ordinary refrigeration tempera¬ 
tures (30° P.) in short periods of time. For this reason only 

those publications directly concerning defects such as putrid or cheesy, and 
rancid flavor developments are considered. 

There is a considerable lack of agreement among numerous investi¬ 
gators as to the precise causes of off flavor developments. Also there are 
some differences of opinion with regard to the most satisfactory tests for 
evaluating the keeping quality of butter in the laboratory. 

Hnnziker (4) describes limburger flavor as a flavor development in 
butter which is not common, but which occurs spasmodically and is not 
infrequently epidemic. This author also emphasizes the importance of 
water purity as an important consideration in producing butter which 
keeps properly. 

Hood (3) reproduced surface taint in butter by artificial inoculation of 
butter "with water bacteria and indicated water contamination as a major 
cause of this type of difficulty "with butter keeping quality. 

Herried (1) and associates found that, raw cream in a majority of 
cases contained organisms capable of producing cheese-like flavors in un¬ 
salted butter. Pure cultures isolated from this source and mixed cultures 
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of bacteria from raw cream and from creamery water were inoculated into 
sterile cream and were found to produce cheesy flavors in the resulting 
butter. Creamery water was sometimes found to contain organisms cap¬ 
able of producing cheesy flavors in unsalted butter when inoculated iiito 
sterile cream. 

In a study of seventeen samples of rancid butter, Hussong and Asso¬ 
ciates (6) found Pseudomoras fragi present in 16 of the samples. This 
organism was found in numerous other dairy products. It was found to 
be capable of rapid growth at 10° C. (50° F.) to 30° C. (86° F.) but was 
killed by incubation for several days at 37° C. The presence of this 
organism, found to be easily killed by heat, in pasteurized products was 
taken as an indication of contamination subsequent to beat treatment. 

Jacobsen (8) made a study of bacterial content of butter before and 
after storage and observed the keeping quality of salted and unsalted butter 
before and after storage for 90 days at -25° C. (-13° F.). Decreases in 
numbers of bacteria during storage were observed in both unsalted and 
salted butter but decreases in counts were greater in the salted butter. 
No defective keeping quality was found in the salted butter after storage 
but some of the unsalted made from the same churnings developed flavor 
defects upon being submitted to a keeping quality test involving holding 
samples in sterile jars at room temperature for 8 days. 

Nelson (10) observed the changes in numbers of bacteria in butter held 
7 days at 21° C. by the microscopic method and by the plate method. 
This investigator found that large numbers of grain negative rods were 
commonly associated with poor keeping quality. No correlation between 
keeping quality and plate counts of butter was observed. 

Olson and Hammer (12) studied the keeping quality of butter in 
relation to churn contamination and found rancidity to be the most common 
defect developing in butter as a result of contaminated churns. Samples 
studied were held at 32° F. and 45° F. The flavor deterioration was 
found to occur at 45° F, more rapidly than at 32° F. 

Olson (11) made studies on the keeping quality and bacterial counts of 
butter made using artificially contaminated water. A Sietz filter was 
employed for removal of bacteria from water before washing butter. No 
appreciable difference in numbers of bacteria in butter from filtered or 
unfiltered water was noted in the butter as judged by the plate count but 
significant differences in keeping quality of the butter were noted in favor 
of the filtered water. 

Using an especially adapted technique, Long and Hammer (9) investi¬ 
gated the effect of moisture dispersion in butter on the growth of bacteria 
in butter. They observed the keeping quality of butter made from cream 
inoculated with organisms isolated from defective butter. The degree of 
division of moisture droplets in butter (working) was found to markedly 
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influence the rate of deterioration. It was found that almost without 
exception, thoroughly worked butter had by far the best keeping quality, 
underworked butter deteriorated very rapidly while moderately worked 
butter showed intermediate keeping quality values. This work doubtless 
explains the lack of correlation in some earlier observations on butter 
keeping quality and causes of butter deterioration. 

Hammer (2) has observed cases of roquefort cheese-like flavor develop¬ 
ment in butter which w’as commonly caused by mold growth even though 
molds were not evident until microscopic examinations were made. This 
author (2) also made many keeping quality observations on samples con¬ 
taining various butter spoilage organisms and indicated that unfavorable 
keeping quality at 40° F. to 45° F. w r as duplicated at 70° F. 

It is generally agreed that defects which develop in butter held at 
ordinary refrigeration temperatures (30° F. to 50° F.) can be duplicated 
in shorter periods of time at higher temperatures. This fact affords a 
means of determining the relative keeping quality possessed by a lot of 
butter by simply holding a small sample for seven days to tw r o weeks at 
a temperature between 60 and 70° F. 

Nelson (10) employed a holding test for 7 days at 21° C. to evaluate 
the keeping quality of a number of churnings of commercial butter and 
exhibition butter. Jacobsen (7) describes a keeping quality test at room 
temperature for 7 to 10 days using sterile glass jars for holding sample 
as a valuable means of evaluating the keeping properties of unsalted and 
salted butter. 

Parsons (13) employed a keeping quality test using a temperature of 
60° F. for 14 days on regular parchment wrapped prints to examine com¬ 
mercial churnings over a period of five years and submitted thousands of 
churnings to this test. 


KEEPING QUALITY TESTS 

The present study employed a keeping quality test wherein a one- 
fourth pound sample of each churning was w r rapped in commercial parch¬ 
ment w-raps and held seven days at 68 to 70° F. in a thermostatically con¬ 
trolled cabinet. All samples w'ere examined for flavor and odor defects at 
the end of this period. Samples w T ere reported as satisfactory, fair or 
unsatisfactory. When off flavors developed they were classified as slightly 
or definitely cheesy, putrid, rancid, etc., according to the type and extent 
of flavor development, A total of 22,060 churnings of both salted butter, 
containing 1.8 to 2.3 per cent salt, and unsalted butter from more than 
100 plants located in 8 midw T estern dairy states w T ere represented by the 
samples thus examined. These churnings were made and examined during 
the period February 1st to December 31st, 1938. Seven per cent of the 
total churnings examined were 93 score unsalted, about half of which were 
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unripened unsalted, the remainder being ripened unsalted. As might be 
expected, keeping quality of ripened unsalted was found to be superior 
to the unripened unsalted. In general it was found that when cheesy or 
putrid type flavors were encountered in unripened unsalted the flavor 
appeared very soon after manufacture. In several instances butter made 
from first quality cream developed this flavor before it had left the cream¬ 
ery. Rancid flavor development in unsalted butter usually developed 
more slowly. As will be seen from table 1, putrid or cheesy flavors in 
unsalted were usually very definite when encountered on keeping quality 
tests. Rancid flavors, however, occurred in varying degrees of intensity 
and somewhat less rapidly though the defect is doubtless equally serious 
in unsalted butter and apparently occurs more commonly. 

Approximately 70 per cent of the churnings examined were 92 and 93 
score quality salted butter, there being slightly more 93 score than 92 
score. Approximately 7 per cent of the total samples were unsalted butter, 
the remaining 23 per cent representing 91 scores and below. 

All churnings were from weekly shipments of fresh butter and were 
graded by an official government grader upon arrival. In examination of 
keeping quality tests after incubation no effort was made to place a nu¬ 
merical score upon the samples. All samples which did not retain their sale 
value according to original grade were classified as definitely off and un¬ 
satisfactory. A surprisingly close correlation between keeping quality tests 
and subsequent difficulty with the churnings tested was noted. 

Where a defect was only slightly indicated after completion of the 
holding test, subsequent difficulty with the butter was very rarely 
encountered. 

From table 1 it is plainly evident that putrid-cheesy type flavor develop¬ 
ment was by far the most frequently encountered keeping quality difficulty 
in salted butter. Tests indicated that with 76.62 per cent of the samples 
which showed unfavorable keeping quality this type of flavor and odor 
development was the cause. In addition, when this development occurred 
almost two out of three cases developed the defect to a very marked degree. 
The defect was as pronounced in low scoring undergrade churnings as it 
was in top grades. 

Some investigators have classed cheesy flavors according to types of 
cheese which they resemble. Molds have been found to produce roquefort- 
like flavors in butter. Bacteria have been found to cause limburger* or 
putrid-type flavors as well as cheddar cheese flavors of varying intensity. 
The terms putrid or cheesy as used in the present study indicate all types 
of cheesy flavor development but by far the largest proportion of these 
flavors encountered were of the putrid or limburger type, which are com¬ 
monly referred to by the trade as proteolytic or protein decomposition 
flavors. In general it has been found that organisms commonly encoun- 
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tered where unfavorable keeping quality is concerned are of a type easily 
killed by ordinary pasteurization treatment of cream. Species of Achromo- 
bacter (1) and Pseudomonas (5) organisms have been frequently found 
in samples of butter having poor keeping quality. No eases of butter 
spoilage traceable to heat resistant (spore forming) bacteria have been 
encountered in the present study. 

SOURCES OF BUTTER SPOILAGE ORGANISMS 

The most common and also the most serious butter spoilage concerned 
in the current study were traceable to contamination from the creamery 
water supply. Practically without exception, water contamination was 
responsible for typically putrid or limburger type flavor and odor de¬ 
velopment in both salted and unsalted butter. In creameries where 
the finest quality of cream was used and excellent pasteurization practice 
and sanitary practice on equipment was employed, water was repeatedly 
found to be the sole source of keeping quality difficulty. In such cases 
the common procedure was to submit water samples for bacteriological 
examination and to simultaneously inspect water tank systems, water 
pumps and wells. As a precautionary measure, water tanks were cleaned 
and the well, pipe lines, and tanks given a chlorine treatment using chlo¬ 
rinated lime or calcium hypochlorite compounds. It was found that in 
some cases treatment of the water tanks eliminated the difficulty without 
further changes. In these cases accumulation of relatively small amounts 
of sediment of a flocculent nature in the bottom of the tanks which gave 
off small amounts of gas were indicated as causing the contamination of the 
butter. Here also it was found that the water delivered from the pump 
was entirely satisfactory but was contaminated in passing through the 
storage tanks. 

Another group of cases of water contamination was found where breaks 
in the well casing or drainage entering from the top of the well was respon¬ 
sible. In these instances steps were taken to render the casing tight and 
to seal off the upper end in such a way that liquid from condensation 
from the pump or moisture from the floor could not gain entrance to the 
casing. In addition, in order to disinfect the well itself a quantity of 
chlorinated lime mixed with thirty parts water was added to the well 
through the top of the casing. This mixture was allowed to remain in 
the well for 8 to 10 hours, then 300 to 400 gallons of water were pumped 
from the well through all outlets and into the storage tank. The pump 
was then operated until no chlorine odor was perceptible, after which the 
water was directed to usual use. In cases where localized contamination 
was encountered, this treatment proved effective in eliminating keeping 
quality difficulty. 

Other instances of water contamination involving continuous seepage 
entering the water underground were encountered which did not respond 
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to well treatment. In such eases continuous chlorination by means of 
mechanical hypochlorite feeders were found effective. Several cases of 
water difficulty were encountered where creameries located in small munic¬ 
ipalities did not have their own wells and were dependent upon the 
municipal water supply, which was not chlorinated. In such cases water 
treatment was accomplished by addition of measured amounts of hypo¬ 
chlorite to definite volumes of water placed in a cream vat or galvanized 
iron tank. This method was effective in eliminating defective keeping 
quality due to putrid flavor development in all of four such cases 
encountered. 

Samples of butter from two creameries indicated as having water con¬ 
tamination difficulty due to continuous seepage to the well were submitted 
to laboratory examination and were found to contain Achromobacter putrc- 
fadmit. 1 This type of spoilage and in general spoilage traceable to water 
contamination was quite characteristic of putrid or limburger cheese type 
flavor. Consequently as this study progressed, the writer came, to look for 
water contamination possibilities when this type of flavor development 
occurred and to apply chlorine treatment where indications of water con¬ 
tamination were found. Very gratifying results in eliminating keeping 
quality difficulty were attained by this approach to the problem. 

Whether the addition of small amounts of chlorine to water used for 
washing butter are in any way detrimental to the product has not, as far 
as the writer is aware, been established. It is a well known fact, however, 
that many large creameries and dairies located in large cities constantly 
use water from municipal sources which contains from 0.1 to 0.5 parts 
per million of available chlorine. In the present study concentrations of 
from 0.2 to 5 parts per million of available chlorine were employed, the 
amount of chlorine used being proportioned to the contact period and to 
the pollution hazard. It was established that the official score was not 
impaired by the use of chlorine in water nor was there an instance of 
off flavor development on keeping quality tests in the case of butter made 
using chlorinated water which would indicate chlorine as having an effect 
in butter deterioration. The highest concentration tried was approxi¬ 
mately 10 parts per million and even in this instance there was no apparent 
effect on the flavor score or the keeping quality of the butter. Occasional 
cases of cheesy type flavor development were traced to churns and vats, 
but in these instances the flavor development was neither as definite nor as 
characteristic as was the case when water contamination was involved. 

The rancid flavor developments encountered were largely of the 
typically butyric or hydrolytic type. In these cases the churns were 
found to be the most consistent sources of difficulty. In most cases where 
the churn was indicated it was found that there was also trouble due to 
stickiness. This was corrected by careful attention to the method of wash- 

i Samples examined by Dr. Ii. W. Hammer and Associates at Iowa State College. 
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ing the churn and by careful attention to temperature of the water used 
in washing. A practice which gives excellent results is to rinse the churn 
with water at 100° F. to 120° F. after use to remove any small amounts 
of butter. The churn is then rapidly filled about 1/3 full of water at 
185° F. and revolved in high gear for 20 to 30 minutes, drained quickly 
and allowed to dry as quickly as possible. It is highly important that 
the water be at least 160° F. when the churn is drained after washing. 
Churns washed daily by this method have been found to be kept in excellent 
condition and difficulty from sticking is practically absent. This treatment 
does not seem to injure the wood as churns handled in this manner have 
been known to give satisfactory service for many years. The character 
of water with respect to hardness in some cases causes accumulation of 
scale which must be removed occasionally to prevent sticking. Packing 
glands oil churns were found to be kept free of excessive contamination 
by the above practice in churn sanitation. 

A few instances of rancid flavor development were traced to breaks in 
vat linings, covers and in vat coils. Only in extreme cases were packings 
on vats used for “holder” type pasteurization found to be in questionable 
condition. This may be largely due to the fact that a temperature of 
165° F. for 30 minutes was commonly used in pasteurization, thereby giving 
the packing glands a considerable heat treatment. Only when the coil 
packings were leaking badly or nearly worn out was difficulty from this 
source indicated. 

Considerable attention has been given to so-called sanitary pipe lines 
and cream pumps as keeping quality hazards in recent years. Properly 
handled, this equipment should never give trouble or excessive contami¬ 
nation. Some methods of handling this equipment, however, are open to 
criticism. In the present study, when difficulty was traced to this source, 
it was found that the reason was not a lack of cleanliness of the equipment. 
The most desirable practice in this regard was to arrange the system so 
that only one vat could be connected to the pump at any one time. 
Thorough scrubbing of the pipes, and pumps after using, assembling just 
prior to use, and sterilizing the assembled system with “live” steam before 
use was found to be the best method of treatment. Certain types of cream 
pumps, namely those positive pumps employing oil cups on the inner side 
of the packing gland, were found to require special attention in sterilizing. 
The oil cup was discarded and replaced with a metal plug or petcock 
which was opened when the system was steamed. This practice was found 
to maintain these pumps in good sanitary condition. When such pumps 
are used for cream there is no need of the oil cup as butterfat in the 
cream gives adequate lubrication. 

The occurrence of moldy, stale, tallowy and miscellaneous flavors were 
quite uncommon and were usually found to occur to only a slight degree. 
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None of these flavors were found to occur consistently in the butter from 
any single creamery. In contrast, the flavors of the putrid, cheesy or 
rancid types were found to occur regularly in specific creameries and 
when eliminated did not reoccur. 

For the purpose of illustration specific cases of keeping quality difficulty 
are subsequently outlined. 

Creamery A 

A creamery producing more than 75 per cent of 93 score unripened 
salted butter was found to have occasional difficulty with putrid flavor 
development. A complete inspection on all equipment revealed satisfac¬ 
tory conditions and satisfactory processing practice. Cleaning and steril¬ 
izing the water tank and careful attention to workmanship were the recom¬ 
mendations made anti the trouble disappeared. About one month later the 
plant, began manufacturing unsalted butter and the first shipment revealed 
several churnings which developed putrid flavor and odor. The well was 
treated immediately with chlorine by adding 3 lbs. of chlorinated lime 
(24 per cent available chlorine) mixed in 20 gallons of water to the well 
casing. 2 This mixture was followed by the addition of about 100 gallons 
of water. 

A small amount of water was then pumped through the piping system 
leaving all outlets open. The well was then allowed to remain undisturbed 
for 10 hours. After this, sufficient water was pumped to render the flow 
free of lime. About 400 gallons accomplished this, after which the water 
was pumped to the storage tank—the tanks having been cleaned and 
sterilized previously. Immediately following this treatment, keeping qual¬ 
ity difficulty in the butter completely disappeared and in more than 10 
months no further occurrence of defective keeping quality has appeared. 
Earlier efforts to eliminate the trouble by simply treating the tanks had 
proven unsuccessful. 

In this case it is thought that accumulation of material above the water 
pipe level in the well casing was responsible for the trouble, the water level 
remaining quite a distance above the pipe intake even though the pump 
was in operation. Stopping and starting the pump, of course, caused a 
change in the height of water in the easing. The addition of the chlorine 
mixture is assumed to have affected sterilization of the casing itself and, 
in addition, to have carried down accumulated solids by mechanical action 
thus removing a hazard to butter keeping quality. 

Creamery B 

This case involved a creamery which was entirely dependent upon a 
small municipal water supply which was not chemically treated, but which 

* Recommended and successfully used in treatment of wells at creameries, food 
plants, and canneries by G. A. Vacha, Chief Bacteriologist of the Minn. Dept, of Agr., 
Dairy and Food. 
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was taken from a 200 ft. well. The creamery manufactures a high percent¬ 
age of 93 score butter and regularly maintains a salt content of 2.0 per 
cent to 2.3 per cent by analysis. A sudden appearance of a large pro¬ 
portion of unfavorable keeping quality tests showing typical putrid flavor 
development occurred. The writer visited the plant immediately and in¬ 
stituted a practice of treating all water used in connection with the pas¬ 
teurized cream and the butter with one part per million of available chlo¬ 
rine. This was done by measuring water into a clean vat and adding 
measured amounts of calcium hypochlorite powder. Water used in wash¬ 
ing the butter and in standardizing the moisture content of the butter 
was taken from this vat. The above procedure has since been carefully 
followed out and no further occurrence of defective keeping quality lias 
been encountered. At the time the treatment was begun water samples 
were submitted to the state bacteriological laboratory. These samples, rep¬ 
resenting the water as drawn from the city lines at the creamery, were 
reported as being very unsatisfactory for use in butter due to the presence 
of excessive numbers of bacteria and in particular large numbers of 
proteolytic bacteria as measured by plate counts on skimmilk agar. 

Creamery C 

This case involves a creamery where the water supply was found to be 
affected by continuous underground seepage apparently caused by prox¬ 
imity of swampy land and the use of a large cess-pool for sewage disposal 
some years previous. At any rate, a new and deeper well was installed 
at the first appearance of difficulty. This installation was effective only 
temporarily, the trouble again appearing two months later. Routine bac¬ 
teriological examination of the water directly from the well failed to show 
appreciable numbers of bacteria. However, treatment of the water used 
for each churning -was the only method whereby the keeping quality of 
the butter could be maintained. Samples of water drawn on seven con¬ 
secutive days failed to yield significantly high bacteria or yeast and mold 
counts. On the basis of these findings a few T churnings of butter were made 
without the use of treated water. Immediately the trouble with keeping 
quality reappeared. A mechanical hypochlorite solution feeder was then 
installed and adjusted to deliver water containing 3 p.p.m. of available 
chlorine. This apparatus has been maintained in continuous operation and 
no occurrence of unfavorable keeping quality has appeared since that time. 
A number of other instances of application of regular chlorination of water 
have proven equally beneficial. It may be added that bacteriological 
examination of water even when excessive bacteria counts were obtained 
yielded negative tests for colon-typhoid type organisms in all but one of 
the cases encountered. 
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WATER PURITY 

When a new well is installed it is very commonly assumed that depth 
and absence of conspicuous pollution possibilities will render the water 
obtained satisfactory. As previously pointed out the presence of colon 
group organisms was detected in only one of the cases studied. On this 
basis then* the water would be considered quite satisfactory for use from a 
public health standpoint. However, it is evident that spoilage can be* 
carried by water even though public health authorities find it satisfactory. 
Unquestionably several factors contribute to the bacteriological condition 
of well water. During the period the current observations were made the 
mid-west dairy section received an abundant rainfall, which followed sev¬ 
eral years of relatively little rainfall. Fluctuations in the ground water 
level and the geologic makeup of subsurface strata are factors which doubt¬ 
less effect the drainage of surface water to subterranean water levels. 
Periods of relative drought followed by periods of excessive rainfall are 
known to effect the pressure on ground water. Increases in pressure cause 
ail increase in the amount of suspended matter water will carry. It is by 
no means beyond possibility that the amount of rainfall can be correlated 
to some degree with the presence of excessive numbers of micro-organisms 
in well water, particularly from comparatively shallow wells. Where the 
subsurface strata is predominantly sandy and the water table is relatively 
near the surface, there are good possibilities for contamination from surface 
drainage. In other areas where the substrata is predominantly limestone 
surface drainage is afforded relatively little filtration and thus may prove 
extremely important in water purity. Some suggestions are thus evident 
with respect to previously reported spasmodic and epidemic appearance of 
putrid or limburger type spoilage in butter. 

There may be methods of water treatment which are more readily 
adaptable to use in small creameries than chlorination. However, the 
general use of chlorine and hypochlorite compounds in water treatment 
and its low cost appears to give the logical answer to water purity 
problems. 

There are several methods which might be used in treating water 
against spoilage organisms. These include the ozone process, ultra violet 
treatment, the 4 'electro katadyn” process involving ionic silver and filtra¬ 
tion by means of a special filter for removing organisms. Very limited 
information is available on these methods and even less is known concern¬ 
ing their suitability for creamery use. 

Pasteurization of water has previously been successfully used in 
creamery water treatment. This method, however, is somewhat cumber¬ 
some and quite expensive compared to chlorine treatment and if practiced 
regularly requires special equipment or considerable in convenience. While 
there is the possibility that chlorine in water might have an effect, on butter, 



434 


C. M. SORENSEN 


the use of small concentrations (0.2 to 5 p.p.m.) have not in the present 
study been found to effect the flavor or sale value of the product, but on 
the contrary have enhanced the value of butter supplies where unfavorable 
keeping quality was experienced prior to water treatment. In this con¬ 
nection Hunziker (5) has indicated that chlorine concentrations of 25 to 
35 p.p.m. do not injure the quality of butter. 

According to present information there is no reason to fear detrimental 
effects of small amounts of chlorine used in wash water upon the resulting 
butter. It may be added that the writer has repeatedly made colorimetric 
tests for available chlorine on wash water drained from the churn and was 
unable to detect any free chlorine even though the wash water before being 
placed in the churn contained 5 p.p.m. of residual available chlorine. It 
appears that the buttermilk diluted out by the wash water effects dissi¬ 
pation of the available chlorine immediately as the chlorinated water enters 
the churn. 

RANCIDITY IN BUTTER 

Several cases of rancid flavor development in butter submitted to keep¬ 
ing quality tests were encountered. The common appearance of one, two 
or three samples showing this defect found in weekly shipments was the 
rule. In one case, however, a very serious outbreak of rancidity develop¬ 
ment where virtually every churning in an entire shipment was defective 
in keeping quality was encountered. This was subsequently traced to a 
sticky churn and a defective packing gland on the cream pump. Another 
instance of serious rancidity development was subsequently traced to vats 
in need of repair. In another case where only a very occasional case of 
rancidity occurred, it was found that each time the churning could be 
traced back to one particular vat. Inspection of this vat revealed a broken 
cover lining which was immediately repaired. This done, no further cases 
of this flavor development occurred. In a few instanees cheesy type flavors 
were occasionally found where outbreaks of rancidity were encountered. 
These were usually far milder and less pronounced than was the case when 
cheesiness caused from water contamination occurred. 

As a result of the foregoing experience, it may be indicated that where 
typically putrid or limburger type flavor development occurs in butter 
held on keeping quality tests, an impure water supply is commonly the 
ultimate source of the trouble. Where rancidity is encountered the most 
likely source is the sanitary condition of equipment, particularly the churn, 
with the vats, cream pumps and pipe lines next in importance in the 
order named. 

Other types of flavor developments did not occur in any significant 
frequency but were limited largely to butter scoring 91 or less when fresh 
(see table 1). Two cases of mold development were traced to storage of 
butter in tubs in a wet cooler. In one of these, failure to sterilize parch- 
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ment liners was a major contributing cause. Stale flavors in many cases 
were found to a very slight degree in fresh butter and were slightly inten¬ 
sified in holding. Observation of the held samples at approximately room 
temperature may have been partially responsible for this condition. Oc¬ 
currence of tallowy flavors was relatively rare and when found these flavors 
were present only to a slight degree. 

For the most part butter represented by the samples examined was. 
marketed as fresh butter and was consumed within six weeks from the 
date of churning. Butter which was stored was selected on the basis of 
creameries whose keeping quality records were satisfactory. After 3 to 4 
months storage at -10° F. keeping quality tests were satisfactory on both 
salted and unripened unsalted butter. 

While the keeping quality test employed herein may leave some points 
to be desired, there is no question as to its value in commercial practice. 
It is not practical in many instances to await results of the test before 
marketing any given lot of butter. Nevertheless an early knowledge of a 
tendency for butter from any source to develop unfavorable keeping quality 
is of very material value in preventing excessive losses as corrective mea¬ 
sures can be brought to bear at the earliest moment. This test may well 
occupy a position in the butter industry similar to that held by the bacteria 
(*ount of milk in that although the product may be disposed of before 
results of the examination are known, definite benefits of the tests on sub¬ 
sequent production are forthcoming before an appreciable amount of the 
product is placed in trade channels. The keeping quality test for butter 
can be conducted at the point of manufacture with no special equipment 
thus bringing practical bacteriological control methods to the creamery 
itself. Undoubtedly this test is one of the major contributions to the 
butter industry in recent years and bids fair to find increasingly greater 
application. 

SUMMARY 

The results of keeping quality determinations by means of holding 
parchment-wrapped samples of commercial butter at 68° F. to 70° F. for 
seven days are presented and discussed. Twenty-two thousand sixty 
churnings of commercial butter were submitted to examination and per¬ 
sonal visits were made to creameries whose butter showed unfavorable 
keeping quality. Putrid and cheesy type flavor development was found 
to be the most frequently encountered keeping quality difficulty. The 
major cause of this difficulty was traced to contamination of the creamery 
water supply with spoilage types of bacteria. Rancid flavor development 
was also found to be an important cause of defective keeping quality. 
This defect was most frequently traceable to equipment, notably churns, 
vats, sanitary pipe lines and cream pumps. Comparatively few cases of 
mold, staleness or tallowy flavor development were encountered. 
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Defective keeping quality was eliminated in cases of water contami¬ 
nation by chlorine treatment using hypochlorites. Repairs in equipment 
and changes in plant practice were found to eliminate rancid flavor 
development, 
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In connection with the investigations in the Bureau of Dairy Industry 
of tilt* interrelation between conformation, anatomy and producing ability 
of cows, the udders of 313 cows of lactating age, and of 105 heifers and free- 
martins, have been filled with formalin, frozen, cut into sections, the sections 
photographed and otherwise studied in detail. This prescribed program 
brings to light any lesions, growths or other abnormalities that these udders 
may contain. Many of the lesions that have been found are thought to have 
resulted from mastitis but in no case has a cancerous growth been found. 
This paper describes unusual lesions that were found in two udders and dis¬ 
cusses the highly important subject of the cow’s apparent, lack of suscepti¬ 
bility to mammary cancer. 

Cow No. 656 made a 365-day production record at 2 years 4 months of 
9,713 pounds of milk and 474 pounds of butterfat. There is no record of 
any udder trouble that required treatment during the first three lactation 
periods. During the fifth month of the fourth lactation it was noted on one 
occasion that the udder was tender and the right front quarter was enlarged, 
but this condition apparently disappeared in a short time. 

The cow commenced her fifth lactation with a heavy milk flow. For the 
first 89 days the average daily milk production was 49 pounds. During the 
fourth month of lactation, on June 28, 1932, the right front quarter was 
reported as being swollen and hot. During the fifth month of lactation 
some indications of mastitis were noted in the left side of the udder, and at 
approximately 6 months after calving the right front quarter was hard and 
no milk was obtainable from it. This condition continued during the re¬ 
mainder of the lactation. After the disturbance in June the cow’s total milk 
production was greatly reduced. Throughout the sixth lactation period the 
right front quarter was entirely inactive and her total production was low. 

She commenced her seventh lactation period with a high level of produc¬ 
tion, averaging 48.6 pounds of milk daily during the first 92 days. Milk, 
which appeared to be normal, was obtained from the right front quarter 
that had been inactive through part of the fifth and all of the sixth lactation 
periods. This quarter was still very much enlarged. About 2 weeks after 
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calving a trace of flakes was noted by strip-cup examination of milk from 
the right front quarter. The same condition was noted 4 weeks later. No 
other disturbance in the udder was recorded until she had been in milk for 
105 days, when the previously unaffected right rear quarter became hard, 
the cow went off feed, and the udder dried up in all quarters. She was 
slaughtered on the 121st day of the lactation period. There appeared to be 
no swelling in the left half of the udder, which was rated very high in 
quality. However, the right front quarter was greatly enlarged and broken 
away from the abdominal wall and the right rear quarter was enlarged. 



Pig. 1 . A section through the front quarters of the udder of cow No. 656 showing 
an enormous abscess in the right front quarter which is entirely separated from the 
cistern and the adjacent gland tissue by a wall having approximately the same thickness 
as the hide covering the udder. The marked enlargement of the right front quarter 
distorted the udder so that the two front teats were not in the same transverse plane. 
This accounts for the absence of the left front teat on the section shown in figure 1. 

The gross structure of the two front quarters is shown in figure 1. The 
left quarter does not appear to be abnormal. The right front quarter con¬ 
tained an enormous abscess which apparently had become entirely separated 
from the gland tissue by a wall having approximately the same thickness as 
the hide covering the udder. The abscess contained a large quantity of 
debris. Ventrally and medially to the abscess was an area of gland tissue 
that looked much the same as the tissue in corresponding areas in the ad¬ 
jacent left front quarter. Apparently this tissue w ? as the source of the milk 
obtained from this quarter during the early months of the seventh lactation 
period. The fact that milk secretion was resumed in this quarter after 
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approximately eighteen months of inactivity during two consecutive lac¬ 
tation periods is very unusual. 

The result of the mastitis infection which attacked the right rear quar¬ 
ter about 2 weeks before the cow went dry and was slaughtered, is indicated 
in figure 2. The gross structure of the tissue in the left rear quarter, like 
that in the left front quarter, appears to have been unaffected by the dis¬ 
turbance which caused complete cessation of lactation in this udder. It is 
possible, of course, that a histopathological study of the tissues in the left 
front and left rear quarters, would show that they had been affected by the 
infection. 



Fig. 2. A section through the rear quarters of the udder of cow No. 656 showing 
the condition of the tissue in the right rear quarter after an acute attack of mastitis 
which occurred 3$ months after seventh calving. 

Another unusual case is that of cow No. 1011. Some mastitis was noted 
16 days after she calved the first time but this condition promptly disap¬ 
peared. All four quarters were affected by mastitis at approximately 7 and 
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9 months after first calving but the disturbance did not appear to be marked 
or persistent. Her record for 305 days at 2 years 7 months of age amounted 
to 4,782 pounds of milk and 280 pounds of butterfat. 

During her second lactation, she completed a 365-day record of 8,343 
pounds of milk and 480 pounds of butterfat. Apparently the udder was in 
good condition except for traces of flakes, on strip-cup examination, in three 
of the quarters at different times during the last 3 months of this lactation 
period. 

During the third lactation no disturbances were recorded aside from 
traces of flakes in the milk during the 6th and 7tli months. She milked from 
all four quarters, but the left front and right rear quarters were relatively 
“light.” Her production was comparatively low and she continued in lac¬ 
tation for only 255 days. 

On the day of her fourth calving palpation by a pathologist indicated 
mastitis in all four quarters. Brom-thymol reactions on the same day were 
positive in all quarters. At weekly strip-cup examinations she showed 
marked mastitis in the right front quarter, the milk from that quarter be¬ 
coming watery at 92 days. At 114 days the strip-cup examination indicated 
very marked mastitis in the left front quarter. The right front quarter was 
dry and the left front quarter was discharging pus 119 days after calving. 
She was milked for only 126 days. 

About 2 months before her fifth calving the right rear quarter was hard 
and the tissue was harsh. A month later there was a definite lump in this 
quarter. The swollen condition continued until calving. Pus was dis¬ 
charged from this quarter before calving. Milk was not obtainable from 
any of the quarters after calving, even after probing by a veterinarian in an 
effort to remove or puncture the obstructions which were believed to have 
been formed in the region of the cisterns. 

She was slaughtered July 7, 1936, seven days after calving. Examina¬ 
tion of the udder before slaughter indicated that the cisterns in all except 
the right rear quarter, which was discharging pus, were completely walled 
off by what appeared to be a layer of fibrous tissue that destroyed all com¬ 
munication between the teat canals and the glandular tissue. 

Immediately after the cow was slaughtered the udder was removed and 
prepared for post-mortem udder studies. The excised udder weighed 82.2 
pounds. Because of the unsuccessful attempt to obtain milk by probing 
before the cow was slaughtered, a sheath knife (bistoury cache) was in¬ 
serted into each teat in an effort to make a passage for the introduction of 
formalin. The toughness of the fiber is indicated by the fact that the bis¬ 
toury would not go beyond the obstruction until the blade was released. The 
unsheathed blade, however, cut through a layer that was estimated to be 
about 1 inch in thickness, after which there was no appreciable resistance. 
The instrument was inserted approximately 4 inches beyond the point where 
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the teat was attached to the udder, and rotated with the blade extended. 
The same procedure was followed in each quarter. The filling: of the 
udder was not entirely successful. It was thought at the time that a 
sufficient quantity of formalin had been retained to insure adequate pres¬ 
ervation. When the frozen udder was sectioned, however, it was found that 
some of the areas most distant from the teats were not well preserved. 

Examination of the sectioned udder showed that none of the four quar¬ 
ters had visible cisterns. The areas normally occupied by cisterns were filled 
with fibrous tissue (figs. 3 and 4). The marks made by the bistoury are 



Fia. 3. Growth of fibrous tissue in the region of the cisterns of both rear quarters 
of cow No. 1011 had cut off all communication between the teat canal and the gland 
tissue. Note the channels leading upward from the teats, which presumably were made 
by the bistoury. Note also the absence of cisterns and the extreme scarcity of ducts in 
both rear quarters. 

visible in figure 3. A heavy-walled abscess was found near the base of the 
right rear quarter. Apparently this abscess had a small drainage outlet 
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Fig. 4. Shows an irregular-shaped transverse fissuro in the left front quarter of the 
udder of cow No. 1011. Note also the fibrous tissue growth above the teat, the absence 
of cisterns and the scarcity of ducts in both front quarters. The dark areas near the 
top of sections shown in figures 3 and 4 are discolorations resulting from retained blood 
in the immediate vicinity of the large blood vessels. 

into the teat which resulted in the discharge of pus before and after fifth 
calving. 

A peculiar vertical, longitudinal split in the gland tissue was found in 
the left rear quarter. It commenced somewhat posterior to the rear teat 
and extended forward for a distance of some 7 or 8 inches, finally became 
diffused, and disappeared in the connective tissue adjacent to the median 
septum. The cleft reached a maximum depth of about 8 inches and a width 
of more than 2 inches. Another pocket or split was found in the left front 
quarter. In position it was vertical and transverse instead of longitudinal 
and was located slightly posterior to a vertical plane through the front teats. 
A general idea of its size, location and general appearance is given by figure 
4. It was confined entirely within two of the cut sections, each of which was 
about 1 inch thick. Except for its color and position it appeared much like 
the cleft in the left rear quarter but they were several inches apart and there 
was no detectable connection between them. The cause of the clefts in the 
two left quarters, is not known. Nothing of a similar nature has been found 
among the hundreds of udders studied. There is no reason to believe that 
the pressure used in injecting the formalin was responsible. On the other 
hand, the occurrence of severe mastitis had not been recorded in the left rear 
quarter, although severe mastitis and suppuration were in evidence in the 
left front quarter a few days before milking was terminated about 4 months 
after fourth calving. 
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Not only were the cisterns completely replaced by fibrous tissue but there 
was a very marked scarcity of ducts even in the areas near the cisterns where 
the ducts are generally abundant and often of good size. It was not deter¬ 
mined definitely whether the udder was naturally dense throughout or 
whether the larger ducts, like the cisterns, had been replaced with other 
tissue. The fact that there, was so little fibrous or scar tissue with the ex¬ 
ception of the comparatively thin layer above each teat leads one to believe 
that numerous large ducts were never present in this udder. 

Sometimes lesions and other abnormalities are found when udders are 
sectioned, that were not known or suspected to exist. A number of cases of 
small abscesses, cysts and deposits of various kinds have been found for 
which no plausible explanation can be found in the recorded history of the 
cow. 

The two cases that have been discussed and illustrated show what 
are perhaps the most unusual abnormalities in udder structure that have 
been found in our work. The remainder of this paper is prompted by nega¬ 
tive findings in these udder studies, that is, the absence of cancerous 
growths. 

As stated at the beginning of this paper, 418 udders from animals of 
all ages have been filled with formalin, frozen, and cut into one-inch sections 
which were examined for structural make-up and evidences of abnormality, 
and photographed. The number of gross sections cut from each udder was 
dependent to a considerable extent on its size and varied from 6 to 46 with 
an average of 18, a total of more than 7,500 sections. In many cases one- 
half of the udder was used for the above studies, and the other half was sent 
to a pathologist who removed samples of the tissue for histological examina¬ 
tion. It is particularly noteworthy that in the udders examined no growths 
or tissue changes that appeared to be of a cancerous nature have been found, 
though with the technique used a very small growth might have escaped 
notice. 

Cancer usually does not make its appearance either in the human or in 
other species until after middle life. It is desirable, therefore, that consid¬ 
eration be given to the age of the 313 cows from which the udders included 
in this study were obtained. It is recognized that a distribution of ages of 
dairy cows at the time of death does not give a true picture of their normal 
life span, since most of them are disposed of when their reproductive func¬ 
tions become inactive; when they acquire some communicable disease, such 
as tuberculosis; or when they otherwise become incapacitated for satisfac¬ 
tory production or for reproduction. A study of the ages of a random 
sample from nearly 500,000 cows in Dairy Herd Improvement Associations 
shows that only 4 per cent of the total number were over 10 years, only 1 per 
cent were over 12 and only one-tenth of 1 per cent were over 15 years of age. 
It is true that many cows are not slaughtered but die as a result of injury or 
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disease. On the other hand cows rarely die directly as a result of “old age” 
and no data are available to show what the actual life span of the cow would 
be if it were undisturbed by economic factors. 

There are a number of lines of reasoning by means of which a purely 
arbitrary basis can be set up for comparing the life span of the cow with 
that of the human. At best, however, any basis so set up is only an approxi¬ 
mation. The period of fertility might be used as a basis for determining age 
equivalents. The beginning of the fertile period is fairly definite in each 
case, but in attempting to establish the age at which cessation of activity in 
the reproductive functions occurs, one is confronted with a physiological 
difference which establishes a rather definite termination in the woman but 
not in the cow. Then too, one might compare the life expectancy at birth, 
which is approximately 65 years for human white females, 1 with an arbi¬ 
trary assumed expectancy of 13 years for the cow. On this basis the life 
span would be 5 times as great for the woman as for the cow and the woman 
would be 5 times as old as the cow at any given age. This would make the 
cow of 8 years equivalent in age to the woman of 40. 

The following discussion illustrates another basis for estimating age 
equivalents in the woman and in the cow. In most cases the human female 
is capable of producing offspring at from 14 to 16 years of age and a woman 
is usually considered senile if she lives to the age of 80 years. On the other 
hand a cow usually is capable of delivering offspring at from 1J to 2 years 
of age and if she lives to be 18 years of age she is considered to be very old— 
perhaps comparable in age to the woman at 80. Using 16 years and 2 years 
respectively as points representing sexual maturity in the woman and in the 
cow, the subsequent span of life is 64 years in the woman and 16 years in 
the cow, if 80 years and 18 years respectively are accepted as representing 
senility. The resulting age equivalents for the woman and for the cow, 
together with the distribution of the ages at death of the 313 cows whose 
udders were studied, are given in table 1. 

On this basis, as well as on the second one mentioned for comparing life 
cycles, the cow of 8 years would be equivalent in age to the woman of 40 
years. It may, therefore, be significant that 98 of the 313 cows of laetating 
age from which udders were secured, or 31 per cent, were cows that were 
over 8 years of age. It appears that a sufficient proportion of the cows stud¬ 
ied were past middle life at the time of death to place them in that part of 
the life cycle in which mammary cancer may be expected to make its appear¬ 
ance in species that are susceptible, yet growths that appeared to be of a 
cancerous nature were not found in any of the udders. 

As a matter of fact, the findings of numerous investigators show that 
cancer is virtually non-existent in the udder of the cow. According to 

3 Statistical Bulletin, Metropolitan Life Insurance Company, Vol. 20, No. 8, August 
1939, p. 2. 
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TABLE 1 

Age equivalents for woman and for cow , and distribution of ages at death of 
SIS cows whose udders were studied 


Approximate equivalence in age 


Woman 


Cow 


Age distribution of the 313 cows whose udders 
were included in this study 


Age 


Number of 
cows 


Years 

16 # 

20 

24 

28 

32 

36 

40 

44 

48 

52 

56 

CO 

64 

68 

72 

76 

80»> 


Years 

2« 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 
18*> 


Years 

2 and under 3 


3 “ 

4 

4 < < t ( 

5 

5 4 < * ‘ 

6 

6 * * “ 

7 

7 i i a 

8 

8 “ “ 

9 

9 “ “ 

1(1 

10 “ “ 

11 

31 “ 

12 

12 “ 

13 

13 “ “ 

14 

14 “ “ 

15 

35 “ “ 

36 

16 “ “ 

17 

17 “ “ 

Over 18 

18 


23 
49 
42 
27 
39 
35 

24 
18 
23 
20 

8 


1 


« Approximate age of sexual maturity. 
*> Approximate age of senility. 


Trotter (3) “Cancer of the mamma and uterus is of frequent occurrence in 
the human female, but in the 300 eases here recorded as occurring in bovines 
quite a marked difference is noted, none being found in the mamma, and 
only one in the uterus—a carcinoma.” Trout (4) stated that carcinoma of 
the udder of the milk cow is practically unknown. Drabble (1) quoted 
Doctor Dodd as referring to “the rarity of cancer in the udder of the cow." 
Feldman (2), in reporting on nearly 13 million bovines slaughtered subject 
to meat inspection by the Bureau of Animal Industry in 1930, showed that 
approximately 1,300 cases of tumorous growths were found but did not indi¬ 
cate that any occurred in the mammary glands. In fact Creech, 2 who re¬ 
viewed the laboratory findings recorded in a large number of bovine tumors 
observed in connection with meat inspection activities involving the slaugh¬ 
ter of many millions of cattle, over a period of years, has concluded that 
cancerous growths in the bovine mammary gland are very rare, and that 
those that have been found apparently originated from carcinoma of the 
skin and invaded the udder from that source. 

It is difficult to understand why cancer, a disease of such high incidence 
in the mammary glands of humans and in other species should be so nearly 
non-existent in the cow's udder—particularly in view of the fact that that 
organ is so highly developed functionally, is often of enormous size, and 

2 Creech, G. T. Veterinarian, Pathological Division, Bureau of Animal Industry, 
U. 8 . Department of Agriculture. Correspondence and conversation. 
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may be subject to friction, irritation and bruises. Nevertheless it is grati¬ 
fying to know that the gland in which one of the most important foods used 
for human consumption is produced, is practically free from cancerous 
growths. This is particularly true in the light of recent investigations re¬ 
ported by Bittner (5), which show that in mice the incidence of breast cancer 
may be increased in the young of low cancer strains that are allowed to 
nurse females of a high cancer strain; or may be decreased in the young of 
high cancer stock that are allowed to nurse females of a low cancer strain. 
These results are interpreted by Bittner (5) as indicating that “the extra- 
chromosomal or maternal influence observed in ‘breast tumor crosses may 
be due to a breast cancer-producing influence , transmitted in the milk of 
breast tumor stock mothers. ’ 7 
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HEMOLYTIC STREPTOCOCCI IN RAW MARKET MILK 
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The Lancefield technic (1) for the serologic grouping of hemolytic strep¬ 
tococci has furnished, for the first time, a method of detecting significant, 
differences within this group of organisms. This procedure has been used to 
study streptococci of bovine origin by Plastridge and Ilartsell (2), Stable- 
forth (3), Stewart (4) and Edwards (5) among others. Sherman and Niven 
(6) and Valentine (7) have applied the precipitin method to surveys of the 
hemolytic streptococci which normally occur in market milk from the state 
of New York. 

The samples tested in the present study were obtained through the 
kind cooperation of Dr. J. C. Geiger, Director of Public Health of the City 
and County of San Francisco. All were of raw milk or cream which was to 
be pasteurized and distributed as a grade A product. During a period of 
three months, one sample from each of 444 different shippers to this city was 
tested. Each milk specimen was from a pool of the morning milking from a 
given herd of 10 to 600 cows. Cream samples were from the pooled 
lot skimmed at a given plant or station for that morning and hence each 
was derived from many dairy farms. Samples were collected as a rule 
from ten gallon shipping tanks. The milk was mixed with a sterile agitator 
and approximately 200 ee. were transferred to a sterile eight ounce bottle 
by means of a sterile glass tube. The specimens were kept on ice and w^ere 
tested within 3 to 10 hours after collection. 

Each sample was placed in beef heart infusion agar containing five per 
cent sheep blood. After 24 to 48 hours at 37° C. colonies which showed any 
degree of hemolysis but no green discoloration w r ere transferred to beef 
heart infusion broth containing particles of meat. 

All cultures were grouped by the Lanccfiehl precipitin technic using one 
tube containing 0.1 cc. of antigen, 0.3 cc. of saline and 0.1 cc. of serum for 
each antiserum tested. Many strains were tested also by the microscopic 
precipitin method of Brown (8). Tests were made for the fermentation of 
sorbitol, trehalose, salicin, lactose, rafiinose, glycerin and mannite; for the 
hydrolysis of sodium hippurate and of starch; for the curdling of milk; for 
the production of soluble hemolysin and for the formation of double zones 
of hemolysis in blood agar. The procedures are given in detail in another 
paper (9). 

RESULTS 

Hemolytic streptococci were found in 134 of 444 samples of raw market 
milk from as many different dairy farms and in five of nineteen lots of 
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cream. The proportion of samples ill which such streptococci were found 
was slightly higher among samples collected at country skimming and cool¬ 
ing stations than among those from city pasteurization plants. The number 
of positive specimens from different plants varied from one to eight per 
twelve samples. 

The counts of hemolytic streptococcus colonies from the milk were low 
with but few exceptions. Most of the samples yielded less than 300 hemo¬ 
lytic streptococci per cubic centimeter, very few showed more than 1,000 per 
cubic centimeter and none contained over 3,000 per cubic centimeter. 

Serologic tests showed that streptococci of group B were virtually always 
present in positive samples. However, organisms of every group except F 
were found. Seven samples contained streptococci of more than one group. 
As shown in table 1, the distribution of the various groups was as follows: 
group A in three samples, group B in 130, group C in three, group D in two, 
group E in two, group G in six and group H in one. Four samples contained 
streptococci which failed to give definite reactions with any antiserum al¬ 
though they showed weak precipitation with serums of group C and G after 
standing over night. 

Biochemical tests as well as serological reactions were carried out with 
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293 cultures from 139 samples of milk or cream. The results, discussed in 
more detail in another paper (9), are summarized in table 2. 

TABLE 2 


Kauri ions of hemolytic streptococci from milk 




g 

o 

Acid produced from 

















H3 

© 

13 




00 










« 

"|5_ 

© 

Sero¬ 

logic 

group 

No. of 
strains 
tested 

£ 

P* 0/ 

s > 

w £ 


1 



s 



4? 

a> 

3 

In 

'o 

T3 

>. 


"o 

g 

© 

u B 

O) © 

C «M 

S -P 



No. of 
which 

c 

T* 

e 

ec 

"3 

u 

H 

3 

00 

Vj 

© 

o 

1 

c: 

u 

o 

5 

*1 

cs 

J* 

<< 

43 

w< 

V, 

« 

m 

If 

•8 'S 

© b. 

Soluble 

formed 

£ b. 

3 'o 

II 

A 

a 

2 


4 

-i 

i 

_ 

- 


— 

2 + 

_ 

+ 

- 

A 

3 

1 

- 

- 

- 


- 

~ 


- 

i- 

-1 

4 

- 

li 

105 

99 

- 

101 4 

4 ~ 

- 

+ 

- 

7 f 
158 — 

- 

+ 

i 

4 

4- 

06-f 
99- 

B 

92 

47 

! ; 

1 ! 

i + 

4- 

- 

JO f ; 
82- ■ 

- 

+ 


4 

4- 

07 4 
25- 

C 

G 

1 

f 


j 1 

! + 

- 

- 

- 

- 

11 

- 

■4 

- 

C 

a | 

•> 

- 

+ | 

1 4 

+ 

- 

- 

- 

1. 

- i 

- 

4 

1 - 

1) 

o 

2 

- 


- 

+ 

i _ 

1 — 

- 

- 

4 

-| 

+ 

- 

1 _ 

E 

4 

2 

1 t 

t- ! 

4- 

4 


- 


- 


- 

4- 

- 

G 

II 1 

* i 

8 

1 

7 

0 

: - 

- ! 

i “ 

4- 


- 


- 

_. j 

- 

4- 

- 

l 

4 

“ | 

j 

- 

“ 

4' 

4 

2 + 
5- 

- 

■ 

4 

0 i 

1- 


- 

4- 

: - 


The reactions of 257 strains of group B were, in general, uniform. None 
fermented sorbitol, raflfinose, or mannite; all produced acid from lactose and 
all but four fermented trehalose 1 . Seventeen cultures irregularly produced 
a slight amount of acid from glycerin. Saliein was fermented by 92 strains 
and was unchanged by 165 of them. Milk was curdled and sodium hippurate 
was hydrolyzed by all and none attacked starch. All showed at least a trace 
of soluble hemolysin, 76 gave nearly complete hemolysis and 27 completely 
hemolyzed red blood cells. 

Slightly over half of the members of group B produced double zones of 
hemolysis in rabbit blood agar plates. After 48 hours at 37° C. and 24 hours 
in the refrigerator these cultures showed a narrow completely clear zone of 
hemolysis immediately adjacent to the colony surrounded by a narrower 
ring of unhemolyzed cells and then by a zone of partial hemolysis somewhat 
wider than the innermost zone. This double zone phenomenon was observed 
more often among the saliein fermenting strains (67 of 92) than among 
those which did not attack this sugar (66 of 165). In sheep blood agar 
plates, incubated at 37° C. for 48 hours but not refrigerated, double zones 
were never observed. Under these conditions, about a fourth of the group 
B streptococci formed clear wide zones of hemolysis but the majority pro¬ 
duced narrow areas in which some intact corpuscles were present. 







450 


J. B. GUNNISON, ET AL. 


Some samples contained large numbers of streptococci which produced 
a greenish discoloration of the a type around surface colonies but which 
gave typical colorless narrow zones of (B hemolysis in deep colonies. Twenty- 
four of these green-producing colonies were found to be identical both sero¬ 
logically and biochemically with the cultures which showed only 3 hemo¬ 
lysis. 

Usually biochemical tests were made of only one strain of group B per 
sample, but from 61 samples from two to ten colonies were studied. All 
from a given specimen gave identical reactions in 39 instances. The only 
variations found in the cultures in which reactions were not identical were 
in the fermentation of salicin and in the formation of double zones of hemo¬ 
lysis. From nine samples of milk both salicin-fermenting and saliciri-nega- 
tive colonies were isolated, but these cultures were identical in other re¬ 
spects. Cultures which varied only in their ability to form double zones 
•were obtained from eight samples. In five samples some of the colonies 
failed to ferment salicin and to show double zones and others possessed both 
of these properties. Whether such milk actually contained two distinct 
strains of group B streptococci or whether these differences were due to 
variability of the cultures is not known. 

Only two samples of milk contained typical Streptococcus pyogenes of 
group A. Group B organisms were also present in one of these samples. 
One specimen contained atypical streptococci which gave strong precipita¬ 
tion with group A antiserum but which hydrolyzed sodium hippurate and 
failed to ferment any of the sugars tested. These atypical cultures were 
repeatedly streaked out and repurified but all colonies still gave the same 
peculiar reactions. No streptococci of other groups could be found in this 
sample. 

The so-called “animal pyogenes’' type of group C which ferments sor¬ 
bitol but not trehalose and which hydrolyzes starch was found in only one 
lot of milk. The “human” type of group C fermenting trehalose but not 
sorbitol was isolated from two samples. 

Hemolytic cultures of group D which were encountered twice could not 
be assigned to a species by the tests used. These were not resistant to heating 
at 60° C. for 30 minutes. 

Group E streptococci w r ere found in milk from two dairy farms. The 
cultural reactions agreed closely with those of the few cultures wdiich have 
been described. They showed a wide zone of clear cut hemolysis on blood 
plates and produced potent soluble hemolysin. These were resistant to 60° 
C. for 30 minutes. 

Group G organisms were found in six of the samples. All of these cul¬ 
tures produced acid from lactose but failed to ferment the other sugars used. 
They were strongly hemolytic both on plates and in the soluble hemolysin 
test and did not hydrolyze starch or sodium hippurate. The colonies were 
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not of the “minute” type. A single sample yielded a culture of group H 
which resembled the group G organisms in every respect except that it 
failed to produce soluble hemolysin under the conditions of these tests. 

DISCUSSION 

No relationship was evident between the number and kinds of hemolytic 
streptococci found in the milk and factors such as the sanitary rating of the 
dairy farm or its geographical location, the distance of shipping or the num¬ 
ber or breed of cattle in the herd. Although the country skimming and cool¬ 
ing stations showed a slightly higher proportion of positive samples than the 
city pasteurization plants, the difference was not significant. 

The method used in this survey does not give a true index of the actual 
number of group B streptococci present because only 3 hemolytic organi¬ 
sms were considered. It has been established by Stableforth (10) and 
others that, members of this group may be entirely non-hemolytic or may 
give a greenish discoloration of the a type. If such colonies had been stud¬ 
ied, the proportion of positive samples in all probability would have been 
higher. Furthermore, non-hemolytic members of groups 0, D, G and H, 
which were not taken into account here, have been described by several 
investigators. 

The incidence of hemolytic streptococci was lower than that reported 
by others. Valentine (7) obtained hemolytic streptococci from 138 of 244 
samples of grade A and B milk. Not more than 30 samples among the 463 
in the present series contained streptococci which produced wide zones of 
hemolysis, whereas Sherman and Niven (6) found 19 such samples among 
68 tested or approximately four times as many. They stated that if they 
had considered narrow zone cultures they would have obtained group B 
streptococci from nearly every sample, whereas these organisms were found 
in only about a third of the specimens studied here. 

In this survey eight kinds of identifiable hemolytic streptococci were 
isolated; namely, group A, group B, both the human and animal types of 
group C, group D, group B, group G and group II. Sherman and Niven 
(6) found only two kinds of hemolytic streptococci in raw milk; namely 
group B and the animal type of group C. Valentine (7) found group B, 
both the animal and human types of group C aud group I). The fact, that 
these investigators found fewer varieties might, be due to their smaller series 
of samples or to the presence of larger numbers of other bacteria in the milk. 
The milk studied here showed extremely low total plate counts and it lias 
frequently been observed that streptococci, if present, can be detected more 
readily in such milk. 

As far as could be determined this is the first time that serologically 
identified streptococci of groups G and H have been reported in raw milk. 
Hemolytic group D cultures have been isolated by others from cheese (1) 
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anclfrom pasteurized milk (6). They are probably present, at least in small 
numbers, in most raw milk and yet they were found in only two samples in 
this series and in only seven of Valentine’s samples. 

Streptococci of the animal type of group C were found in only one sam¬ 
ple. Sherman and Niven (6) did not state how often they isolated this 
organism; but inasmuch as they selected only two or three colonies per 
sample and described eleven such cultures, the “animal pyogenes” must 
have been found in at least four or five of their 68 specimens. Valentine (7) 
reported that this sorbitol fermenting type of group C was found in 57 of 
120 samples and hence was more common than group B which was found in 
only 13 of her specimens. 

The group A, G and H strains with atypical cultural reactions are note¬ 
worthy because they illustrate the fact that cultures are encountered which 
can not be identified by any means other than the serologic test. The occur¬ 
rence of group A cultures which hydrolyze sodium hippurate was of especial 
interest for such streptococci seem to be rare. 

It is not known whether or not all cultures of group B should be given 
the name Streptococcus agalactiae (or mastitidis) or whether the group 
contains more than one species. Stableforth (3), Laneefield (11) and Stew¬ 
art (4) have found from three to five serologic types within the group. The 
groups may be subdivided into three varieties according to the reactions on 
lactose and saliein as proposed by Brown (12), but there is no apparent 
correlation of the fermentation reactions with the serologic types. The 
saliein 4-, lactose 4 variety has been obtained frequently from both bovine 
and human sources. Thus far the saliein 4, lactose — type has never been 
isolated and identified by serologic tests from milk. The saliein lactose 4 - 
variety has been found principally in milk but six strains isolated from the 
throats of children by Plummer (13) were identified as group B by Brown 
(12) and one culture was obtained from urine by the present waters (9). 
The available evidence suggests that this variety may be of bovine origin. 
Frost, Gumm and Thomas (14) gave the name Streptococcus asalignus to 
non-salicin fermenting streptococci from milk. Although these were not 
classified by the precipitin test it is likely, as Sherman (15) and Brown (12) 
have pointed out, that they belonged to group B. It does not seem justi¬ 
fiable to regard this variety gs a species distinct from Streptococcus aga¬ 
lactiae merely because it fails to ferment saliein and is rarely found in 
human beings. It is not known how stable the streptococci are with regard 
to their ability to attack saliein and it seems Quite probable that this may be 
a variable characteristic. * 

Both the saliein + } lactose + and the saliein lactose + varieties of group 
B produce mastitis in cattle under natural conditions (12). Little (16) 
found that the saliein +, lactose - strains from human infections produced 
mastitis when experimentaHy introduced. Hence, even if these prove to be 
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exclusively of human origin, it seems possible that they may occasionally 
be transferred to milk in the same manner as Streptococcus pyogenes 
although this has not been reported as yet. 

No cultures resembling the Streptococcus pseud o-a gal actiae of Plastridge 
and Hartsell (2) were encountered. They described this species as differ¬ 
ing from Streptococcus agalactiae only in its usual failure to curdle milk, 
its occasional reduction of methylene blue and its slight precipitin reactions 
with antiserums of both groups B and C but strong reactions with its homol-. 
ogous antiserum. It seems doubtful that this variety should be assigned to 
a separate species. 

Hence the decision as to the further subdivision of group B must await 
further investigation. It would be just as logical to divide it on the basis of 
double zone formation as on the basis of reactions with saliein and lactose 
unless a sound serological, cultural and epidemiologic correlation can be 
shown. In the present state of confusion an effort toward unification rather 
than hair-splitting subdivision would seem to be indicated. 

Brown (12) has stated that all streptococci which form double zones of 
hemolysis in rabbit blood agar belong to group B, but that there are a few 
strains of group B which do not form double zones. In the present study 
and in a previous one (9) no double zone streptococci were found which 
belonged to groups other than group B. However, nearly half of the group 
B cultures failed to show this phenomenon although the tests were made 
repeatedly under the same conditions as those of Brown. Hence group B 
streptococci could not be identified by this means. 

Among the cultural reactions employed in this study those which seemed 
of value as differential criteria were the fermentation of sorbitol, trehalose 
and saliein and especially the hydrolysis of sodium hippurate. The deter¬ 
mination of the final pH of cultures in glucose broth was used in the earlier 
part of the survey but was later abandoned. It did not seem to be suffi¬ 
ciently reliable inasmuch as there were strains in all groups which reduced 
the pH to the 4.8 to 4.6 range. There are, of course, many other valuable 
biochemical and physiologic tests which were not employed herein, but 
which would have been indispensable in the absence of the group precipitin 
method of classification. 

Both Brown (17) and Sbennan and Niven (6) have suggested that the 
fibrinolytic test of Tillett and Garner (18) would be an aid in studying milk 
streptococci. By this test organisms of group A and the human types of 
groups G and G which dissolve human fibrin can be differentiated from all 
other streptococci thus far studied. These three groups unfortunately are 
often impossible to distinguish from each other by biochemical means. 
Sherman’s hope that glycerin and starch tests might serve this purpose was 
not borne out by subsequent studies (9). It would seem then that the fibrino¬ 
lytic test which is even more time-consuming and technically difficult than 
the serologic procedure fails to give as definite an identification. 
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Hence it is advocated that, for studies of milk in which, it is necessary 
to identify hemolytic streptococci, the serologic method should be used as 
soon as serum is available commercially. The precipitin grouping must be 
supplemented by fermentation tests with sorbitol to differentiate between 
animal and human group 0 types. In order to identify the various species 
of group D the tests outlined by Sherman (15) must be used. These in¬ 
clude the ability to grow at 45° C. or at 10° C.; growth in the presence of 
6.5 per cent bile blood agar; the production of ammonia and the heat re¬ 
sistance at 60° C. for 30 minutes. Undoubtedly additional biochemical and 
physiological methods will be added to this list as further information is 
obtained. 

The fact that high grade milk produced under rigid inspection and, so 
far as the plate count is concerned, above the standard set for certified milk, 
may contain hemolytic streptococci of human origin is a strong argument 
for universal pasteurization even though the number of instances in which 
such organisms are found is extremely low. In this city all milk including 
the certified grade must be pasteurized. 

SUMMARY 

A total of 444 samples of raw market milk from as many different dairy 
farms was examined for the presence of hemolytic streptococci of both 
wide-zone and narrow-zone types. Such streptococci were found in 134 of 
these samples and were distributed among the Lancefield serologic groups 
as follows: group A in three samples, group B in 125, group C of the animal 
type in one, group C of the human type in two, group D in two, group E 
in two, group G in six and group H in one. Only four samples contained 
streptococci which could not be assigned to a group. Nineteen samples of 
raw cream were tested and group B streptococci were found in five of them. 
Approximately half of the group B streptococci produced double zones of 
hemolysis in rabbit blood agar. 
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STUDY OF DAIRY CLEANING PROBLEMS I. FILMS AND 
DEPOSITS ON HOT-MILK EQUIPMENT 

J. J. JOHNSON and (J. T. ROLAND* 

Sealteat , Inc., Research Laboratory, Baltimore, Maryland 

The removal of films or deposits from dairy equipment used, in the 
heating and holding of milk products often presents a vserious problem. 
Parker and Johnson (1) early directed attention to the practical and sci¬ 
entific aspects of this problem. They defined milk film as the deposit 
which forms on metal heat-transfer surfaces due to the precipitating 
action of the heat alone. Milk stone was defined as the product resulting 
from the reaction between the milk film as described and the chemical 
constituents of the water supply and alkaline detergents applied or their 
end products. 

In commercial operations where milk products are heated, particularly 
above 140° F., by metal heat-transfer surfaces, there appears to be a daily 
film formation of some extent depending on the thermal differential and 
the type of equipment. This may vary from an extremely thin, trans¬ 
parent or translucent film appearing as a bluish or brown discoloration 
when viewed from an angle, on heater plates or tubes, to a heavy cheese¬ 
like blanket of milk solids on batch pasteurizing vats in which relatively 
rapid heating is accomplished by means of a high jacket temperature. 
Before an effort was made to determine the most suitable detergents or 
cleaning methods lor hot-milk equipment, it was deemed advisable to 
study further the mechanism of the film formation on metal heat-transfer 
surfaces arid to account, if possible, for some of the differences observed. 

EXPERIMENTS 

A simple apparatus was devised by means of which milk could be 
heated continuously under controlled conditions. The apparatus consisted 
of a 9-inch length of 2-inch stainless steel tubing stoppered on both ends 
with rubber stoppers. One stopper contained inlet and outlet tubes of 
5 mm. I. D. glass tubing and a thermometer, of which only the bulb was 
extended on the inside. The inlet tube extended to within one inch of 
the bottom stopper. The outlet tube was flush with the inner surface of 
the top-retaining stopper. This assembly was placed vertically in an agi¬ 
tated, gas-heated water bath. The raw milk of 4 per cent fat content, fore¬ 
warned to 85° F., was allowed to flow through the tube by gravity, being 
drawn off at the desired temperature through regulating the flow by means 
of a stop-cock on the inlet tube. 

Received for publication Novembor 24,1939. 
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Trial i. In this experiment 7 liters of milk, forewarmed to 85° F., 
were heated to 143° F. in the tube, maintaining the jacket at 180° F. The 
milk was cooled continuously to 85° F. after passing through the tube and 
was recirculated continuously. The milk was collected in a graduate and 
the rate of flow was measured. After the initial quantity of iffailk in the 
tube reached 143° F., the time required to heat the first liter portion was 
6 minutes. The heating time increased gradually because of film forma¬ 
tion on the heating surface until that for the thirteenth liter (the last 
one) was 12 minutes. At the end of the run the milk remaining in the 
tube was poured out and a liter of cold water passed through the tube to 
rinse the deposit. The deposit consisted of milk solids in the form of 
small craters of cheese-like consistency. These completely covered the 
upper part of the tube and graded off to a sparse covering of the lower 
part. Their diameters were about 0.5 to 1.0 mm. When the soft material 
was scraped off, there was found to be a fairly strong bond between the 
metal and the milk solids. The tube was cleaned with hot washing powder 
solution and powdered pumice in preparation for the next trial. 

Trial 2. In this experiment 7 liters of raw milk were heated to 143° 
F. with the jacket at 180° F. This milk was drawn off in liter portions 
but not recirculated. The time required for healing liter portions varied 
from 7 minutes for the first to 10 minutes for the seventh. The tube was 
rinsed with a liter of cold water and opened for inspection. The heating 
surface was quite evenly covered with the small crater-like particles, many 
of which contained gas bubbles. Furthermore, it was observed during this 
run that considerable gas was expelled from the milk and appeared at the 
outlet tube. These observations suggested that the dissolved gases in the 
milk might play an important part in the formation of this type of heat- 
precipitation. The deposit was scraped out and analyzed with the 
following results: 


Fat 

51.53% 

Protein (Nx6.38) 

35.32 

Asli 

4.77 

CaO 

2.28 

PA 

2.10 


The tube was cleaned with hot washing powder solution and powdered 
pumice. Vigorous scouring was required to eliminate the last traces of 
the deposit which appeared as a bluish discoloration of the surface, discern¬ 
ible only after the milk solids had been removed. 

Trial 3. In this experiment 7 liters of milk were held under 15-16 
mm. (Hg) vacuum at a temperature of about 55° F. for 2 hours. The 
temperature was elevated then to about 70° F. and the milk allowed to 
boil gently for 10 minutes. The vacuum was broken then, the milk warmed 



STUDY OF DAIRY CLEANING PROBLEMS 


459 


to 85° F. and 7 liters heated in the tube, as in previous tests, to 143° F. 
with a jacket temperature of 180° F. The rate of heat transfer during 
this run did not vary significantly, 5 minutes being required to heat the 
first as well as the seventh liter. When the tube was opened, it appeared 
that there was no deposit whatsoever on the surface; but after rinsing 
with distilled water and drying in air, it became apparent that a bluish 
discoloration covered the heat-transfer surface of the tube. When the 
surface was viewed as nearly as possible at right angles, it appeared as a 
very thin, translucent film. 

Trial 4. In this experiment milk was deaerated as in Trial 3 and 
heated in the tube to 143° F. with the jacket at 200° F. The first liter 
through required 3 minutes, the seventh 4 minutes. When the tube was 
rinsed and opened, a few very small craters of cheese-like consistency were 
present and the whole heat-transfer surface was covered with the bluish 
discoloration as previously observed. Observation from a nearly perpen¬ 
dicular position showed the surface to be covered with a thin, dense 
whitish film. 

Trial 5. In this experiment 7 liters of milk were deareated continuously 
by spraying the milk into a vacuum chamber. The milk, heated to 115° F., 
was drawn into a flask under 60 nun. (Ilg) vacuum. The treatment re¬ 
quired about 1 hour. Seven liters of the milk were heated as in previous 
experiments, this time to 170° F. with the jacket at 200° F. The first liter 
through required 3J minutes and the seventh 5 minutes. After rinsing 
with a liter of cold water, the tube was opened. There were none of the 
precipitated milk solids on the heat-transfer surface. It had only the film 
appearing as a bluish discoloration when the tube was looked into and as a 
dense whitish translucent coating when viewed perpendicularly. There 
appeared to be more of the metallic-like film produced in this test than in 
the previous ones. 

Trial 6. As a control to the previous experiment, untreated milk was 
heated in the tube to 170° F. with the jacket at 200° F. Only 5 liters were 
run through. The first required 8 minutes, the second 10 minutes, the third 
13J minutes, the fourth 17J minutes and the fifth 21|* minutes. When the 
tube was rinsed and opened, a heavy blanket of the cheese-like milk solids 
was found deposited on the heat-transfer surface. 

Trial 7. A practical test was made of the principle of high velocity flow 
against the metal heat-transfer surface as a means of eliminating the heat- 
precipitation of cheese-like solids due to the action of gas bubbles as pre¬ 
viously described. An experimental procedure was being used in the 
technological laboratory whereby a 40-gallon batch of cold skimmilk was 
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heated and pasteurized at 203° F. by means of a 60-gallon stainless steel 
spray-type vat. This procedure was time-consuming and resulted in ex¬ 
cessive deposits of milk solids even when low thermal differentials were 
used. In this test the skimmilk contained in the spray vat at 58° F. was 
circulated by means of a centrifugal pump through a box-tube heater, con¬ 
taining 6 stainless steel tubes one and one half inches x feet, at the rate 
of 67 g.p.m. or approximate average velocity of 5 feet per second. The 
temperature of the steam-heated water jacket of the heater at the beginning 
of the run was 180° F. and was gradually increased to 210° F. at the 
finish. To heat the 40 gallons of skimmilk from 58° F. to 203° F. required 
12 minutes. At the end of the operation the temperature in the heater 
jacket was dropped rapidly and the circulation stopped. After draining 
and flushing the tubes with cold water an examination disclosed that there 
were no cheese-like solids on the heat-transfer surfaces. After the tubes 
had dried, some of the bluish discoloration or film was found in the tubes. 
There was surprisingly little of this, however, in comparison with that 
found in the laboratory experiments previously described. The hot milk 
was held in the spray vat for 30 minutes at 203° F., maintaining a l°-2° 
higher temperature in the heating jacket, after which the milk was cooled 
and drawn off. The milk was rinsed off with cold water and the vat ex¬ 
amined. Along the upper sides was found a trace of the film or discolor¬ 
ation. Cheese-like solids, however, were entirely absent. 

discussion 

These tests have shown that 2 types of film may be produced on metal 
heat-transfer surfaces during the processing of milk. One is essentially 
cheese-like in composition and is believed to result from the super-heating 
and partial dehydration of the milk films on the surface of the gas bubbles 
which, in being expelled from the milk, cling to the metal heat-transfer 
surface. This is the type of film or deposit commonly found in jacketed 
vats or pans used for heating milk products. Were it not for the sweep¬ 
ing action of high velocity flow in tubular or plate heaters or the action of 
agitator blades in other types of heaters, it might be expected that more 
trouble would be encountered with this type of film. 

Davies (2) observes the formation of particles, apparently of cheese¬ 
like consistency, on the surface of sterilized milk bottles. He attributes 
this to the precipitation of the proteins because of their concentration at 
the air/liquid interface of gas bubbles. He states also that slight heat 
coagulation on hot surfaces is associated with the foaming of fresh milk 
on boiling and that such coatings have a serious effect on the efficiency of 
heat exchange in pasteurizing or vacuum pan work. 

The other type of film which is produced concomitantly with the cheese¬ 
like film or independent of it, according to conditions, is believed to consist 
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of calcium and magnesium phosphates, citrates and possibly protemates, 
precipitated by the heat-transfer surface. Because of the difficulties en¬ 
countered in procuring a sample of this extremely thin film, no analysis was 
made. This metallic-like film or discoloration, while it may be almost in¬ 
significant in extent after one processing, is believed to be the real pre¬ 
cursor of milkstone found on hot-milk equipment. The cheese-like film 
dissolves readily in alkaline washing solutions, as will be shown in a follow¬ 
ing report, leaving the metallic-like film or discoloration. This is probably 
often overlooked in commercial operations until successive processings re¬ 
sult in a film of such extent that the presence of milkstone is recognized. 
Prom the data presented by Parker and Johnson (1) and Tuckey (3), it 
is apparent that there are wide variations in the final composition of milk¬ 
stone from commercial operations depending on such factors as daily 
cleaning efficiency, type of washing solution, type and hardness of water, 
and, as indicated in this work, the processing equipment and procedure. 

summary and conclusions 

1. An apparatus and method was devised for studying the formation 
of heat-deposited milk films. 

2. Two definite types of films were found : one of cheese-like consistency 
is the result of super-heating and partial dehydration of milk around gas 
bubbles formed at the heat-transfer surface; the other a thin dense metallic- 
like film or discoloration is produced concomitantly with the cheese-like 
deposit, or independent of it if conditions are such that gas bubbles do not 
form at the heat-transfer surface. 

3. It is suggested that the accumulation of thin metallic-like films, due 
to incomplete cleaning or failure to recognize their presence, is the primary 
cause of milkstone formation on hot-milk equipment. 
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STUDY OF DAIRY CLEANING PROBLEMS. II. EFFECTIVENESS 
OF ALKALIES IN REMOVING HEAT-DEPOSITED MILK 
SOLIDS AND BUTTERFAT FILMS 


J. J. JOHNSON and (\ T. ROLAND* 

Scaliest, Inc., Research Laboratory, Baltimore, Maryland 

Practical experience has shown that a satisfactory detergent for clean¬ 
ing dairy equipment must be capable of dissolving or removing dried or 
heat-deposited milk products and be effective in “cutting” or emulsifying 
fat and grease. Other important attributes are non-corrosiveness to dairy 
metals and the ability to produce floceulent, non-adhering precipitates of 
calcium and magnesium salts iri natural water or better still to maintain 
such salts in solution on the alkaline side. 

A. REMOVAL OF HEAT-DEPOSITED MILK SOLIDS 

In order to determine the relative effectiveness of the common alkalies 
in dissolving and removing heat-deposited milk solids, a simple apparatus 
was devised by means of which a controlled and fairly reproducible deposit 
could be produced. It consisted of a JMnch length of 2-inch stainless steel 
tubing closed at both ends with rubber stoppers. One stopper contained 
inlet and outlet tubes of f> nun. I. I). glass tubing and a thermometer, of 
which only the bulb was extended on the inside. The inlet tube extended 
to within 1 inch of the bottom stopper. The outlet tube was flush with 
the inner surface of the retaining stopper. This assembly was placed 
vertically in an agitated gas-heated water bath held at 180° F. 

In all tests 7-liter portions of mixed raw milk of 4 per cent fat content 
were forewarned to 85° F. and allowed to flow by gravity through the 
heater tube. The milk was drawn off at a constant temperature of 143° F., 
regulating the flow by means of a stop-cock on the inlet tube. This process 
resulted in the formation of an evenly distributed coating of cheese-like 
milk solids on the heating surface of the tube. The nature of heat-de¬ 
posited milk films was discussed in a previous study (1). 

To test the ability of alkali solutions to dissolve and/or remove the milk 
solids, the tube w r as first rinsed with a liter of cold water to remove the 
adhering milk. From 10 per cent stock solutions of the alkalies a 500 ec. 
quantity of test solution of desired concentration w'us made by dilution with 
tap water. The solutions were circulated through the tube, using a 2- to 
3-inch gravity head, for 30 minutes at 130° F. At the conclusion of the 
treatment the tube was opened and examined. The solution was rated good 
if the deposit was completely removed, fair if the deposit was softened com- 

Reccived for publication November 24, 1930. 

* Now with Galgon, Inc., 300 Ross Street, Pittsburgh, PoiuiHvlrunin. 
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pletely and partially removed, and poor if the deposit was not affected or 
only slightly softened. Between each test the tube was scoured with 
powdered pumice. Alkalinity by titration and pH by the glass electrode 
were determined on each solution. The results of typical tests covering 
the range of effectiveness of the alkalies are shown in table 1. 

It will be noted that the approximate minimum effective concentrations 
were as follows: trisodium phosphate 0.3 per cent, sodium metasilicate 0.2 
per cent, sodium carbonate 0.2 per cent and sodium hydroxide 0.04 per cent. 
As a basis for comparison one solution of each alkali was formulated to 
produce a phenolphthalein alkalinity of about 0.02 per cent as NaOH. At 
this alkalinity trisodiura phosphate and sodium hydroxide were more ef¬ 
fective than sodium metasilicate and sodium carbonate. It is of interest 
to note that sodium carbonate was effective at a considerably lower pH 
value than the other alkalies. It should be pointed out that the complete 
removal of the cheese-like deposit by the alkalies studied did not result in 
chemically clean metal surfaces. The very slight metallic-like film or dis¬ 
coloration was always found to be present after the cheese-like deposit has 
been removed. It is believed that this fact is not generally recognized in 
commercial operations. 

B. REMOVAL OF BUTTEKFAT FILMS 

A quantity of dry, clean butterfat was prepared from sweet butter and 
dyed dark red with oil soluble red dye. New soft-glass culture tubes 
(15x150 mm.) were washed with soap, rinsed, and air dried. The tubes 
were filled with the melted fat at 130° F., emptied immediately and allowed 
to drain for 5 minutes in an oven at 130° F. after which they were turned 
upright and held for an additional 5 minutes. This resulted in the forma¬ 
tion of a fairly thin film of fat on the inside of the tube. Immediately 
after the final holding period the tubes were transferred to a constant tem¬ 
perature water bath at 130° F. where they were immersed to within 2 or 
3 cm. of the top. Ten-cc. portions of the various detergent solutions at 
130° F. were allowed to drop into the tubes from the wide end of a 10-ec. 
bulb-type pipette held centrally over the mouths of the tubes. After 
standing in the bath for 10 minutes the tubes were carefully removed and 
photographed. Each test was made in duplicate and every precaution was 
taken in making the tests and photographing the results to insure 
comparability. This test is a modification of Baker’s procedure (2). 

A series of tests were made, using pure sodium hydroxide, sodium 
carbonate (anhyd.), commercial sodium metasilicate, and trisodium phos¬ 
phate. Tap-water solutions ranging from 0.05 per cent to 2.0 per cent were 
made from 10 per cent stock solutions of the alkalies. The photographic 
results are shown in plate 1. It should be pointed out that fat remaining 
on the glass surface appears as dark globules or patches. The darkness of 
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the liquid indicates creaming or emulsification of the fat. It appears that 
sodium hydroxide alone was not effective at any concentration studied in 
the removal of butterfat films. This agrees with the experience of many 
plant operators who have observed poor rinsing or greasy bottles produced 
by a mechanical bottle washer using caustic soda alone as the detergent. 
In the range of concentrations generally used for equipment cleaning (0.1 
per cent to 0.5 per cent), there seems to be very little difference in the 
effectiveness of the other three alkalies. The removal of the fat appears to 
be associated with a greater degree of emulsification in the case of sodium 
carbonate and sodium metasilicate than in the case of trisodium phosphate 
but the commercial significance of these small differences is questionable. 

In order to study fat removal as related to bottle washing, tap-water 
solutions of 1.8 per cent sodium hydroxide and 0.2 per cent each of sodium 
carbonate, sodium metasilicate and trisodium phosphate were tested. Tap- 
water solutions of sodium hydroxide at 2 per cent with additions of 0.02 
per cent, 0.1 per cent and 0.2 per cent of detergent A (a surface-active 
organic detergent) were tested also. Tap-water solutions of eastile soap at 
0.1 per cent and detergent A at 0.02 per cent and 0.2 per cent were included 
for comparison. The photographic results are shown in plate 2. The com¬ 
bination of sodium hydroxide and sodium carbonate did not produce as 
good fat removal as did the combinations with sodium metasilicate, tri¬ 
sodium phosphate and detergent A. Detergent A alone was very effective 
in removing the fat, although there was no evidence of emulsification as was 
the case with the alkalies. 

There appears to be a fundamental difference between the activity of 
sodium metasilicate with sodium hydroxide and that of trisodium phosphate 
Avith sodium hydroxide. The metasilicate combination showed a marked 
“cream 77 whereas the phosphate combination held the fat at the surface 
in a more or less continuous fat phase. The latter was true also of the 
combination of sodium hydroxide and detergent A. 

SUMMARY AND CONCLUSIONS 

1. The approximate minimum concentrations of alkalies effective in 
removing heat-deposited milk solids were as follows: trisodium phosphate 
0.3 per cent, sodium metasilicate 0.2 per cent, sodium carbonate 0.2 per cent 
and sodium hydroxide 0.04 per cent. 

2. At a phenolphthalein alkalinity of approximately 0.02 per cent (as 
NaOH) trisodium phosphate and sodium hydroxide were more effecti\ r e 
than sodium metasilicate and sodium carbonate in removing heat-deposited 
milk solids. The minimum effective pH values Avere as follows: sodium 
carbonate 11.2, trisodiutn phosphate 11.8, sodium metasilicate 12.0 and 
sodium hydroxide 12.0. 
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3. In the removal of butterfat from glass sodium hydroxide was not 
effective at any concentration from 0.05 per cent to 2.0 per cent. Sodium 
carbonate, sodium metasilicate, and trisodium phosphate all were fairly 
effective above 0.1 per cent. 

4. A combination of 1.8 per cent sodium hydroxide and 0.2 per cent 
sodium carbonate was not as effective in fat removal as similar combinations 
of sodium hydroxide with sodium metasilicate and trisodium phosphate. 
The sodium metasilicate mixture produced a greater degree of emulsification 
than did the trisodium phosphate mixture. 

5. Combinations of 2.0 per cent sodium hydroxide and 0.1 per cent and 
0.2 per cent detergent A (surface-active organic detergent) were effective 
in fat removal and similar in action to the trisodium phosphate combina¬ 
tion. Detergent A alone was effective at 0.2 per cent but did not produce 
emulsification. 
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American Dairy Science Association Announcements 


THIRTY-FIFTH ANNUAL MEETING 

Plans are approaching? completion for the housing? and entertainment of 
the members and guests attending the 35th Annual Meeting of the Ameri¬ 
can Dairy Science Association to be held June 24-28, 1940, at Purdue 
University, West Lafayette, Indiana. 

A letter accompanied by a list of housing accommodations and a reser¬ 
vation form has been sent to all members. Accommodations of every kind 
will be available, including the new Cary Residence Halls, Purdue Memorial 
Union Club, Hotels in Lafayette, private homes and tourist cabins. To 
facilitate arrangements, those planning to attend are urgently requested to 
fill in the reservation form and return it to the Chairman of Registration 
and Housing before June 1st. 

SEE THE JUNE ISSUE OF THE JOURNAL 
FOR THE COMPLETE PROGRAM ANI) ABSTRACTS 

Plan now to attend this fine meeting. Bring tin* family. A program 
of entertainment is being arranged for the ladies and children. Tours, 
coffee hours, luncheon bridge and recreational activities are on the program. 
In addition there are fine recreational facilities available for everyone, golf, 
tennis, swimming and bowling. 

See Purdue University—located on the banks of the Wabash—120 miles 
from Chicago, 60 miles from Indianapolis, fine roads in all directions. 

Send in your reservations now! 
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AMERICAN DAIRY SCIENCE ASSOCIATION 
The Thirty-fifth Annual Meeting 
West Lafayette, Indiana, June 24-28, 1940 



PURDUE MEMORIAL UNION BUILDING 
Headquarters of the Meetings 


9 A.M.-5 P.M. 
2-4 p.m. 

1-3 P.M. 


3-4:30 P.M. 

8 P.M. 

8 P.M. 


GENERAL PROGRAM 
Monday , June 24 

General Registration and Room Registration, Pur¬ 
due Memorial Union Building. 

Dairy Products Judging Conference for Coaches 
and Instructors. Smith Hall. K. C. Boxell and 
R. E. Roberts, in charge. 

Open Meeting* of Special Committee to Study the 
Work of the College Feed Conference Board. 
Purdue Memorial Union Building, Room 350. 
Paper—“The history of the open formula and 
the College Feed Conference Board ,' 9 E. S. 
Savage, Cornell University. 

Tour of Dairy Barns. J. H. Hilton, in charge. 
Board of Directors Meeting. Purdue Memorial 
Union Building, Room 263. 

Family Get-Together. South Cary Hall Lounges. 


Tuesday, June 25 

ALL SECTIONAL AND COMMITTEE MEETINGS WILL BE HELD 
IN THE PURDUE MEMORIAL UNION BUILDING. ROOM 
IS DESIGNATED AFTER EACH MEETING. 

8 A.M.-9 p.m. General Registration and Room Registration. 
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9:30 a.m.-12 noon 


1 : 30 P.M.-4 P.M. 

1: 30 p.m. -4 P.M. 

4 P.M. 

5 P.M. 

8 A.M. -5 P.M. 

8 A.M.-O A.M. 

9 A M -11:30 A.M. 

8:30 A.M. -11: 45 A.M. 
12 NOON 

1 : 30 P.M. -4 P.M. 

1 : 30 P.M. -5 P.M. 

4 P.M. -5 P.M. 

8 P.M. 

8 A.M.—9 A.M. 

9 A.M.-11: 30 A.M. 


Opening Session, North Ballroom, Room 287, E. S. 

Guthrie, presiding. 

Address of Welcome: 

E. C. Elliott, President, Purdue University. 
Response and Address : 

E. S. Guthrie, President, American Dairy 
Science Association. 

The Milkfat Globule 

Paul F. Sharp, Cornell University. 

Manufacturing Section. Sectional Meeting, Room 
340. 

Production and Extension Sections combined. A. 

H. Kuhlman, presiding, Room 350. 

Sectional Committee Meetings. Committee chair¬ 
men secure room assignments at registration 
desk. 

Extension Section. 

Manuf act uri ng Sect ion. 

Production Section. . 

Reception, Rooms 340 and 350. 

Wednesday , June 2d 

General Registration and Room Registration. 

Sectional Committee Meetings. 

Extension Section. 

Manufacturing Section. 

Prod uction Sect ion. 

Section a l M eeti nos. 

Extension Section, Room 363. 

Manufacturing Section, Room 340. 

Production Section, Room 350. 

Complimentary Luncheon, Livestock Pavilion. 

S E< TION AL M EKTINGS. 

Extension Section, Room 363. 

Manufacturing Section, Room 340. 

Production Section, Room 350. 

Sectional Business Meetings. (Use same rooms 
as for Sectional Meetings.) 

Entertainment. Music Hall. 

Thursday, Jnnc 27 

Sectional Committee Meetings. 

Extension Section. 

Manufacturing Section. 

Product ion Section. 

Sectional Meetings. 

Extension Section, Rooms 230-257. 
Manufacturing Section, Room 340. 
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8 :30 a,m.-12 noon 
11 : 30 A.M.— 1 P.M. 

1 P.M.-4 P.M. 


4 P.M. 


6: 30 P.M. 


Production Section, Room 350. 

Lunch and Picture. 

Sectional Meetings. 

Extension Section, Room 363. 

Manufacturing Section, Room 340. 

Production Section, Room 350. 

General Session, E. S. Guthrie, presiding, North 
Ballroom. 

Program Commemorating the “50th Anniversary of 
the Babcock Test.” 

1. Dr. Babcock, the Scientist. 

Professor E. B. Hart. 

2. Dr. Babcock, the Man. 

Dr. Gustav Bohstedt. 

Annual Association Banquet, Presentation of Bor¬ 
den Awards. 


Friday , June 28 

9 a.m.-II a.m. General Session, South Ballroom, Room 237. 


SECTIONAL PROGRAMS 

EXTENSION SECTION 

Tuesday, J une 25, 1:30-4:00 p.m. 

Room 350, Union Building 
A. H. Kuhlman, Presiding 

Joint Session With Production Section 

El—The nation-wide D.H.I.A. proved sire program. J. F. Kendrick, 
Bureau of Dairy Industry. 

E2—The importance of selective registration to the dairy industry. Lynn 
Copeland, The American Jersey Cattle Club. 


Symposium on Artificial Insemination 

Discussion Leader: E. J. Perry, Chairman , Better Sire Committee, 

New Jersey 

Pl—Vitamin C for sterile and partially sterile sires. Paul H. Phillips and 
Henry A. Lardy, University of Wisconsin. 

P2—The storage of bull spermatozoa. H. A. Herman and Eric W, Swan¬ 
son, University of Missouri. 

P3—Some observations on the morphological variations in the spermatozoa 
of dairy bulls. Eric W. Swanson and H. A. Herman, University 
of Missouri. 

P4—Fecundity and certain other characteristics of fresh and stored bovine 
semen. H. P. Davis, G. W. Trimberger, Gravers K. L. Underbjerg, 
University of Nebraska. 
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Discussion Panel 

Phillips—Herman—Davis—Bartlett—Hutton 
Wednesday, June 26, 9: 00-11: 30 a.m. 

Room 363 

R. G. Connelly, Chairman 

E3—Utilization of proved sires and sons of proved sires. Floyd Arnold, 
Iowa. 

E4—An Appraisal of Cooperative Artificial Insemination to Date. Stan¬ 
ley Brownell, Cornell University. 

E5—Observations in the care and management of dairy bulls. R. R. 
Welch, Pennsylvania State College. 

E6—Recommended methods of feeding and management for keeping sires 
fit. E. E. Heizer, University of Wisconsin. 

Panel Discussion on Breeding Problems 
Leader: Floyd Arnold 

Panel Members: Arnold—Cash—Welch—Heizer—Bartlett 

Wednesday, June 26, 1: 30-4 : 00 p.m. 

Room 363 

R. G. Connelly, Chairman 

E7—-Report of feeding committee. A. R. Merrill, Chairman, Connecticut 
State College. 

E8—Suggestions for making better use of D.H.I.A. feed records. R. G. 

Connelly, Virginia Polytechnic Institute. 

E9—Accuracy and use of D.H.I.A. feed records. C. G. Cushman, Clem- 
son Agricultural College. 

E10—A method for determining feeding levels in D.H.I.A. herds. W. T. 
Crandall, Cornell University. 

Ell—Report of testing committee, li. C. Jones, U.S.D.A.. Chairman. 

Thursday, June 27. 9 : 00-11: 30 a.m. 

Rooms 230-257 
R. G. Connelly, Chairman 
General Symposium on Extension Methods 

E12—Display of extension teaching ideas. E. C. Seheidenhelm, Michigan 
State College, Chairman. 

Michigan—South Dakota—Nebraska—Iowa—Missouri—Wiscon¬ 
sin—Kansas—Texas—West Virginia—South Carolina—Ala¬ 
bama—Tennessee—Indiana, 

Panel Discussion on Extension Methods 
Leader .* E. C. Seheidenhelm 
Panel Members: Regan—Hayes-Johnson—Flack 
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Thursday, June 27, 1: 00-4: 00 p.m. 

Room 363 

R. G. Connelly, Chairman 

E13—Report of type classification committee. Jas. W. Linn, Kansas State 
College, Chairman. 

E14—Clinics for Dairy Herd Improvement Association fieldmen. A. J. 
Cramer, University of Wisconsin, 

E15—4H Dairy programs—Requirements and recommendations. Report of 
Calf Club Committee. H. A. Willman, Cornell University, Chair¬ 
man. 

E16—Report of Quality Committee. H. R. Searles, University of Minne¬ 
sota, Chairman. 

E17—An extension program in quality. J. M. Jensen, Michigan State Col¬ 
lege. 

MANUFACTURING SECTION 
Tuesday, June 25, 1: 30-4: 00 p.m. 

Room 340 

F. H. Herzer, Chairman 
Ice Cream 

Ml—The relation of acidity and total solids contents per gallon to the physi¬ 
cal and chemical properties of high serum solids ice cream. C. W. 
Decker and W. C. Hall, Missouri Agricultural Experiment Station. 

M2—Characteristics of base exchange treated skim milk powder in ice 
cream. J. H. Erb, R. B. Hornberger and J. D. Bowers, Ohio State 
University. 

M3—Fresh and frozen plain, superheated and sweetened condensed skim 
milk for ice cream. L. K. Crowe, Darrell D. Deane, Harry H. 
Winn, University of Nebraska. 

M4—Replacing cane sugar with variable increments of dextrose sugars and 
the effect upon the physical and chemical properties of ice cream at 
different serving temperatures. R. J. Cooley, W. H. E. Reid and 
W. C. Hall, Missouri Agricultural Experiment Station. 

M5-—Use of high conversion corn syrup in the manufacture of ice cream and 
ices. George J. Edrnan and P. H. Tracy, University of Illinois. 

M6—Corn sugar and sirups for frozen desserts. A. C. Dahlberg and E. S. 
Penczek, New York Agricultural Experiment Station. 

M7—Factors affecting the viscosity of ice cream mixes containing sodium- 
phospho-alginate. John H. Hetrick and J. H. Erb, Ohio State Uni¬ 
versity. 

M8—Influence of drawing temperature as a factor affecting the stabilizing 
action of gelatin and the body and texture of batch and continuous 
frozen ice cream. R. E. Hey] and P. II. Tracy, University of 
Illinois. 

M9—The application of motion pictures as a medium in showing the influ¬ 
ence of several factors upon the stability and meltdown properties 
of ice cream. W. S. Arbuckle, C. W. Decker and R. J. Cooley, Mis¬ 
souri Agricultural Experiment Station. 
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M1Q—A study of the coliform group in iee cream. H. J. Fournelle and H. 
Macy, University of Minnesota. 

Mil—Prevention of oxidized flavor in frozen cream by homogenization and 
high temperature pasteurization. G. C. McFarland and L. H. 
Burgwald, Ohio State University. 

Wednesday, June 26, 9-11: 30 a.m. 

Room 340 

F. H. Herzer, Chairman 
Market Milk 

M12—A survey of the objectionable feed flavors in milk throughout the 
North American Continent. P. A. Downs, University of Nebraska. 
M13—Interrelation of certain metals and metallic ions and the development 
of oxidized flavor in milk. 0. F. Garrett, New Jersey Agricultural 
Experiment Station. 

M14—A comparison of the effects of seven different types of roughages on 
the color and flavor of milk. 0. F. Garrett, R. B. Arnold and G. H. 
Hartman, New Jersey Agricultural Experiment Station. 

M15—Recent studies on oxidized flavor in milk. W. J. Corbett and P. H. 
Trac 3 r , University of Illinois. 

M16—Milk flavor study. H. B. Henderson, Thos. B. Harrison, and C. E. 
Wylie, University of Tennessee. 

M17—The relationship of quality of hay to the development of oxidized 
flavor in milk. W. Carson Brown, A. H. VanLandingham and 
Chas. E. Weakley, Jr., West Virginia Agricultural Experiment 
Station. 

Ml8—The effect of feeding cod-liver oil on the goaty and oxidized flavors, 
and vitamin C in milk. E. S. Guthrie, Cornell University. 

M19—Resistance of thermoduric bacteria to chlorine disinfection. A. C. 

Maaek and M. J. Prucha, University of Illinois. 

M20—Is the standard plate count a proper yardstick of quality? M. E. 
Parker, Beatrice Creamery Company. 

M21—Control of sediment in homogenized milk. A. J. Hahn and P. H. 
Tracy, University of Illinois. 

Wednesday, June 26, 1: 30-4 : 00 r.M. 

Room 340 

F. II. Herzer, Chairman 
Market Milk and Butter 

M22—A study of the effect of added iodine and hydrogen peroxide to milk 
on the enzymes. Myer Glickstein, W. S. Mueller and J. II. Frand- 
sen, Massachusetts State College. 

M23—A study of the time-temperature relationships in the pasteurization of 
milk as regards creaming, phosphatase and bacterial destruction. 
R. F. Holland, and A. C. Dahlberg, New York Agricultural Experi¬ 
ment Station. 
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M24—The relationship of changes in the chemical composition of milk to the 
development of mastitis. A. H, VanLandingham, Chas. E. Weak¬ 
ley, Jr., and E. N. Moore, West Virginia Agricultural Experiment 
Station. 

M25—The determination of copper in butter. W. F. Epple and B. E. Hor- 
rall, Purdue University. 

M26—The uniformity of butter composition as related to type of churn. 
S. L. Tuckey and P. H. Tracy, University of Illinois. 

M27—Changes in the bacterial flora of butter. C. A. Wilson and M. J. 
Prucha, University of Illinois. 

M28—Some preliminary observations on the effectiveness of propionates as 
mold inhibitors on dairy products. J. D. Ingle, Swift & Company. 

M29—Propionic acid and its calcium and sodium salts as inhibitors of mold 
growth. J. C. Olson and H. Macy, University of Minnesota. 

M30—Some of the factors affecting the phosphatase values of butter. W. H. 
Brown, Purdue University. 

M31—Effect of salt on the keeping quality of cream, W. J. Caulfield, F. E. 
Nelson, and W. H. Martin, Kansas Agricultural Experiment Sta¬ 
tion. 


Thursday, June 27, 9-11: 30 a.m. 

Room 340 

F. H. IIerzer, Chairman 
Cheese 

M32—The chemical and bacteriological changes in brick cheese during manu¬ 
facture. J. C. Garey, E. M. Foster and W. C. Frazier, University 
of Wisconsin. 

M33—The control of abnormal bacterial fermentations in the manufacture 
of Swiss cheese. Lloyd A. Burkey, Morrison Rogosa and Robert R. 
Farrar, Bureau of Dairy Industry, U. S. Dept, of Agriculture. 

M34—The effect of heat-treatment of milk on the activity of Swiss cheese 
starters. M. E. Tyler and H. H. Weiser, Ohio State University. 

M35—Standardization of fat in Swiss cheese and the relationship of fat to 
quality. George P. Sanders, Robert R. Farrar, Fred Feutz, and 
Robert E. Hardell, Bureau of Dairy Industry, U. S. Department of 
Agriculture. 

M36—Improving the quality of Swiss cheese through applied research and 
technical control. Robert R. Farrar, Bureau of Dairy Industry, 
U. S. Dept, of Agriculture. 

M37—-Relation of salt content to bitter flavor development in cheddar cheese. 
S. L. Tuckey and II. A. Ruehe, University of Illinois. 

M38—More accurate determinations of volatile fatty acid and other changes 
as a means to study cheddar cheese curing. J. C. Marquardt and 
A. C. Dahlberg, New York Agricultural Experiment Station. 

M39—Effect of lipolytic enzymes on the ripening of cheddar cheese. C. B. 
Lane and B* W. Hammer, Iowa Agricultural Experiment Station. 
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M40—The purification of rennin. C. L. Hankinson and L. S. Palmer, Uni¬ 
versity of Minnesota. 

M41—The effect of standardizing the acidity on the methods and physical 
and chemical properties of cottage cheese and cultured buttermilk. 
L. E. Mull and W. H. E. Reid, Missouri Agricultural Experiment 
Station. 

M42—The use of homogenized milk in the manufacture of cottage cheese. 
D. W. Glover and L. H. Burgwald, Ohio State University. 

M43—The effect of temperature upon score value and serving properties of 
cheese. W. S. Arbuckle, J. E. Edmondson, and L. E. Mull, Mis¬ 
souri Agricultural Experiment Station. 

Thursday, June 27, 1-4 p.m. 

Room 340 

F. II. IIerzer, Chairman 
By-Products, Bacteriology , Testing 

M44—Economic barriers affecting the dairy industry. H. A. Ruehe, Uni¬ 
versity of Illinois. 

M45—The effect of cocoa upon the digestibility of milk proteins. L. D. 
Lipman and W. S. Mueller, Massachusetts State College. 

M46—The acid hydrolysis of lactose and the preparation of hydrolyzed lac¬ 
tose sirup. G. A. RamsdeJl and B. II. Webb, Bureau of Dairy 
Industry, TJ. S. Dept, of Agriculture. 

M47—Some properties of different combinations of whey and other materials 
which dry satisfactorily on the atmospheric drum drier. E. L. 
Jack and A. J. Wasson, University of California. 

M48—A more precise method for estimating fat in the Babcock Test. E. 0. 
Herreid, Vermont Agricultural Experiment Station. 

M49—The effect of specific gravity and coefficient of expansion of butterfat. 

on the accuracy of the Babcock Test. R. Jenness, Vermont Agri¬ 
cultural Experiment Station. 

M50—Observations on the distribution of Pseudomonas fragi. H. B. Mor¬ 
rison and B. W. Hammer, Kentucky and Iowa Agricultural Experi¬ 
ment Stations. 

M51—The serological integrity of Streptococcus lactis . J. M. Sherman, 
Karl L. Smiley, and Charles F. Niven, Jr., Cornell University. 

PRODUCTION SECTION 
Tuesday, June 25,1: 30-4 : 00 p.m. 

Room 350 

Joint Session with Extension Section 
A. H. Kuhlman, Presiding 

El—The nation-wide D.H.I.A. proved sire program. J. F. Kendrick, 
Bureau of Dairy Industry, U. S. Dept, of Agriculture. 

E2—The importance of selective registration to the dairy industry. Lynn 
Copeland, The American Jersey Cattle Club. 
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Symposium on Artificial Insemination 

Discussion Leader: E. J. Perry, Chairman, Better Sire Committee, 

New Jersey 

PI—Vitamin C for sterile and partially sterile sires. Paul H. Phillips and 
Henry A. Lardy, University of Wisconsin. 

P2—The storage of bull spermatozoa. II. A. Herman and Eric W. Swan¬ 
son, University of Missouri. 

P3—Some observations on the morphological variations in the spermatozoa 
of dairy bulls. Eric W. Swanson and II. A. Herman, University 
of Missouri. 

P4—Fecundity and certain other characteristics of fresh and stored bovine 
semen. H. P. Davis, G. W. Trimberger, Gravers K. L. Underbjerg, 
University of Nebraska. 

Discussion Panel 

Phillips—Herman—Davis—Bartlett—Perry 

Wednesday, June 26, 8: 30-11:45 a.m. 

A. H. Kuhlman, Chairman 
Room 350 
Milk Secretion 

P5—Outlines and subject matter in teaching dairy husbandry courses. E. 
N. Hansen, Iowa State College. 

P6—An assay method for Thyrolactin. W. W. Heathman and C. W. 
Turner, Missouri Agricultural Experiment Station. 

P7—Thyrolactin, a new source of thyroxine for dairy cattle. C. W. 
Turner, Missouri Agricultural Experiment Station. 

P8—The effect of thyroxine injections on the physiological processes of 
dairy cattle. Victor Hurst, R. P. Reece and J. W. Bartlett, New 
Jersey Agricultural Experiment Station. 

P9—The ejection of milk from the mammary gland. Fordyce Ely and W. 
E. Petersen, Kentucky and Minnesota Agricultural Experiment 
Stations. 

P10—Effect of post-hypophyseal extract on lactation in hypophyseetomized 
post-gravid rats. Eliseo T. Gomez, Bureau of Dairy Industry, U. 
S. Dept, of Agriculture. 

Pll—The fat metabolism of the mammary gland of the cow. J. C. Shaw 
and W. E. Petersen, University of Minnesota. 

P12—Some factors influencing the completeness of milking. Kenneth Miller 
and W. E. Petersen, University of Minnesota. 

P13—The effect of dinitrophenol administration on milk and milk fat. G. 
C. Graf, L. M. Ludwick and W. E. Petersen, University of Min¬ 
nesota. 

P14—The pH of the bovine mammary gland. Philip L. Kelly, Arkansas 
Agricultural Experiment Station. 

P15—The hormone control of mammary duct growth. A. A. Lewis, Mis¬ 
souri Agricultural Experiment Station. 
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P16—The mammogenic lobule-alveolar factor of the anterior pituitary. 
John P. Mixner, Missouri Agricultural Experiment Station. 

P17—The effect of nembutal anesthesia on the rate of milk secretion, the 
respiratory quotient, and uptake of milk precursors by the lactating 
mammary gland. E. P. Reineke, Missouri Agricultural Experi¬ 
ment Station. 

P18—A modification of the Allen blood fat procedure. J. C. Shaw, Uni¬ 
versity of Connecticut. 

Wednesday, June 26, 1 : 30-5: 00 p.m. 

Room 350 

A. II. Kuiilman, Chairman 
Breeding , Disease , Calf Feeding 

P19—A study of some methods for the prediction of butterfat percentage 
in herds of Ayrshire cattle. G. A. Bowling and D. N. Putnam, 
West Virginia Agricultural Experiment Station. 

P20—The use of cellular antigens in the blood of cattle for determining 
parentage. L. C. Ferguson and M. R. Irwin, University of Wis¬ 
consin. 

P2I—Effects of inbreeding in dairy cattle. G. E. Dickerson, Wisconsin 
Agricultural Experiment Station. 

P22—Results of twenty years work on proving bulls at the Huntley, Mon¬ 
tana, field station. R. R. Graves, J. R. Dawson, and D. V. Kopland, 
Bureau of Dairy Industry, IT. S. Department of Agriculture. 

P23—Average useful life-span, and causes of losses of dairy bulls. R. B. 

Becker and P. T. Dix Arnold, Florida Agricultural Experiment 
Station. 

P24—The inheritance of the solids-not-fat percentage in dairy cattle. II. C. 
Moore and K. S. Morrow, New Hampshire Experiment Station. 

P25—Some factors affecting breeding efficiency in dairy cattle. R. E. Erb, 
J. W. Wilbur and J. H. Hilton, Purdue University. 

P26—Early recognition of the freemartin condition in heifers twin-born 
with bulls. W. W. Swett, 0. A. Matthews and R. R. Graves, Bu¬ 
reau of Dairy Industry, U. S. Dept, of Agriculture. 

P27 —Some factors relating to bloat in cattle. Dwight Espe and C. Y. Can¬ 
non, Iowa State College. 

P28—Extreme rarity of cancerous growths in the cow’s udder. W. W. 
Swett, C. A. Matthews and R. R. Graves, Bureau of Dairy Industry, 
U. S. Dept, of Agriculture. 

P29 —Heavy corn feeding as a contributory factor to the development of 
mastitis. Earl N. Moore and H. O. Henderson, West Virginia 
Agricultural Experiment Station. 

P30 —Short-wave diathermy treatment of bovine mastitis. C. W. McIntyre, 
A. C. Ragsdale, and E. R. Garrison, Missouri Agricultural Experi¬ 
ment Station. 

P 31 —Purified diet studies with calves. P. E. Johnson, J. K. Loosli, and 
L. A. Maynard, Cornell University. 
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P32—Changes in pH and in bacterial count of milks sham fed to a dairy 
calf. George H. Wise, G. W. Anderson and J. C. Jones, South 
Carolina Agricultural Experiment Station. 

Thursday, June 27, 8: 30-12:00 a.m. 

Room 350 

A. H. Kuhlman, Chairman 
Nutrition 

P33—Studies with barn air-cured alfalfa hay. C. E. Wylie, S. A. Hinton, 
and J. A. Schaller, University of Tennessee and Tennessee Valley 
Authority. 

P34—Dried grapefruit pulp for milk production. P. T, Dix Arnold, R. B. 
Becker and W. M. Neal, Florida Agricultural Experiment Station. 

P35—The value of the qualitative color test in the study of ketosis. C. W. 
Duncan and C. F. Huffman, Michigan Agricultural Experiment 
Station. 

P36—Blood sugar and carbon dioxide combining power of plasma in rela¬ 
tion to ketosis in dairy cattle. J. F. Sykes, C. W. Duncan and C. 
F. Huffman, Michigan State College. 

P37—The relationship of fat content in the dairy ration to milk and butter- 
fat production. C. F. Monroe and W. E. Krauss, Ohio Agricul¬ 
tural Experiment Station. 

P38—Alfalfa hay cut at three stages of maturity; its yield, chemical com¬ 
position and feeding value for milk production. J. R. Dawson, D. 
V. Kopland, and R. R. Graves, Bureau of Dairy Industry, U. S. 
Dept, of Agriculture. 

P39—Cystine as a possible deficiency in a ration of alfalfa hay for milk 
production. C. F. Huffmfan and 0. W. Duncan, Michigan Agri¬ 
cultural Experiment Station. 

P40—The feeding value of rye stillage for dairy cows. K. L. Turk and M. 
H, Berry, Maryland Agricultural Experiment Station. 

P41—Fermentation studies on alfalfa silage prepared by the phosphoric acid 
and molasses methods. H. D. McAuliffe, R. W. Stone and S. I. 
Bechdel, The Pennsylvania State College. 

P42—The losses resulting from the ensiling of legumes and grasses with 
varying amounts of phosphoric acid. O. L. Lepard and E. S. 
Savage, Cornell University. 

P43—Effect of depth of corn in the silo on weight of corn silage. Joseph 
B. Shepherd, Bureau of Dairy Industry, U. S. Dept, of Agriculture. 

P44—Broomcora silage for dairy cattle. K. E. Harshbarger and W. B. 
Nevens, University of Illinois. 

P45—Comparison of Lespedeza Sericea silage, alfalfa silage, and corn silage 
for dairy cows. S. A. Hinton and C. E. Wylie, University of 
Tennessee. 

P46—Composition and nutrient value of sugarcane as fresh forage, shocked 
fodder and silage. W. M. Neal, Florida Agricultural Experiment 
Station. 
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Thursday, June 27, 1:00-4:00 p.m. 

Room 350 

A. H. Kuhlman, Chairman 
Minerals and Vitamins 

P47—Is timothy hay adequate in calcium for optimum growth of dairy heif¬ 
ers? H. T. Converse, Edward A. Kane, and Edward B, Meigs, 
Bureau of Dairy Industry, U. S. Dept, of Agriculture. 

P48—The effect of rations deficient in phosphorus and protein on ovulation, 
estrus and reproduction in dairy heifers. L. S. Palmer, T. W. 
Gullickson, W. L. Bovd, C. P. Fitch and J. W. Nelson, University 
of Minnesota. 

P49 —The effect of avitaminosis-A upon vitamin C in the bovine. W. A. 
King, P. H. Phillips, M. E. Nesbit, I. W. Rupel and G. Bohstedt, 
University of Wisconsin. 

P50—Vitamin C in the nutrition of dairy cattle. G. C. Wallis, South 
Dakota Agricultural Experiment Station. 

P51—Blood-plasma magnesium in relation to the vitamin D deficiency of 
mature dairy cattle. G. C. Wallis, South Dakota Agricultural 
Experiment Station. 

P52—Vitamin E potency of certain feedstuffs. L. S. Palmer,. J. W. Nelson 
and T. W. Gullickson (with the assistance of B. B. Migieovsky and 
W. W. Kielley), University of Minnesota. 

P53—Carotene content of corn silage. Edward A. Kane, Herbert G. Wise¬ 
man, Leo A. Shinn, and C. A. Cary, Bureau of Dairy Industry, U. 
S, Dept, of Agriculture. 

P54—Changes in the amounts of carotene and vitamin A and in the compo¬ 
sition of milk fat in artificially induced mastitis. P. G. Miller, E. 
J. Lease and G. W. Anderson, South Carolina Agricultural Experi¬ 
ment Station. 

P55—The effects of vitamin A deficiency on the young male bovine. T. S. 
Sutton, W. E. Krauss and S. L. Hansard, Ohio Agricultural Ex¬ 
periment Station and Ohio State University. 

P56—Cerebrospinal fluid pressure and vitamin A deficiency. L. A. Moore 
and J. F. Sykes, Michigan Agricultural Experiment Station. 

P57—The effect of carotene consumption on the milk yield of Jersey cows. 
O. C.. Copeland, Texas Agricultural Experiment Station. 

P58—The vitamin A requirements of dairy cows for the production of butter 
of high vitamin A value. II. Relative efficiency of carotene (de¬ 
hydrated alfalfa hay) and vitamin A. J. W. Wilbur, J. H. Hilton 
and S. M. Hauge, Purdue University. 




ABSTRACTS OF PAPERS 
MANUFACTURING SECTION 

Ml. The Relation of Acidity and Total Solids Contents per Gallon to the 
Physical and Chemical Properties of High Serum Solids Ice 
Cream.* C. W. Decker and W. C. Hall, Missouri Agricultural 
Experiment Station. 

This investigation included a study of the relation of the acidity, total 
solids per gallon, and variable increments of serum solids in the mix to the 
flavor, body, crystalline structure, dipping qualities and chemical properties 
of high serum solids ice cream. 

Consumer preference of ice creams containing 13.50 per cent and 15.00 
per cent serum solids content with the acidity adjusted to 0.24, 0.18, 0.12 and 
0.08 per cent showed that the flavor of the low acid ice cream was preferred 
at the lower temperatures and the flavor of the higher acidity ice cream was 
preferred at the higher temperatures. As the per cent acidity decreased 
from 0.24 to 0.08 per cent, the crystal size decreased to a certain extent and 
then slightly increased again at the lowest acidity. 

At the higher acidity and lower pH, the weight per “disher” was greatest 
and the stability was progressively greater as the acidity decreased in the 
13.50 per cent serum solids ice cream. However, this was not as noticeable 
in the 15.00 per cent serum solids ice cream. There appeared to be a rela¬ 
tionship between the acidity and pH and the viscosity and freezing proper¬ 
ties of the mix. 

The weight per gallon of ice cream was varied from 3.65 to 2.06 pounds. 
Consumer observations indicate that the flavor and body was more desirable 
in the medium weight per gallon ice (‘.reams, and dipping studies show that 
as the total solids per gallon decreased, the “disher” size increased at the 
lower temperatures. However, the reverse was true at higher dipping tem¬ 
peratures, and as the weight of total solids per gallon increased the stability 
decreased. 

The results of this study indicate that the acidity, weight of total solids 
per gallon and per cent, serum solids content has a pronounced effect upon 
the physical and chemical properties of the finished ice cream. 

M2. Characteristics of Base Exchange Treated Skimmilk Powder in Ice 
Cream. J. H. Erb, R. B. IIornberger and J. D. Bowers, Ohio 
State University. 

Base-exchange treated spray-process skimmilk powder was used in vary¬ 
ing amounts to supply serum solids in ice cream mixes, and these were 

♦Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station Journal Series No. 627. 
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compared with mixes of the same composition containing serum solids from 
regular spray-process skimmilk powder and skimmilk. In producing the 
special milk powder the skimmilk was not acidified before being sent 
through the zeolite so that the final reaction of the dried milk was pH 7.16. 
The titratable acidity on the reconstituted basis was .06 per cent. In later 
work it was found that skimmilk, acidified so that the final pH of the powder 
was 6.5 before being sent through the zeolite, responded similarly to the 
unacidified. 

The most significant difference in the use of the base-exchange powder 
in ice cream mixes was the more rapid whipping in batch freezers of mixes 
containing this product. The rapidity of whipping varied with the amount 
of base exchange powder used, but a quantity as small as 10 per cent of the 
total amount of serum solids content showed more rapid whipping. The 
mixes containing the zeolite treated solids were of lower viscosity than the 
control mixes. 

Ice cream containing base exchange treated powder melted slightly 
more rapidly than ice cream of the same composition containing regular 
powder. The rapidity of melt down was in proportion to the amount of 
base exchange product used. 

Figures will be given showing the distribution of minerals in the zeolite 
treated milk. 

M3. Fresh and Frozen Plain, Superheated and Sweetened Condensed 
Skimmilk for Ice Cream.* L. K. Crowe, Darrell D. Deane 
and Harry H. Winn, University of Nebraska. 

A study was made of some characteristics of a commercial milk supply 
in relation to the manufacture and storage of condensed skimmilk for use in 
ice cream as well as the suitability of stored frozen condensed milk of three 
types as a source of added serum solids in ice cream. 

Chemical analysis of the whole milk supply did not reveal a significant 
correlation between the characteristics studied and the degree of stability 
of the protein fraction of the plain condensed skimmilk manufactured from 
it and held at 0° F. for four weeks. 

Plain and sweetened condensed skimmilks after being held frozen for 
periods up to three months were satisfactory sources of serum solids for ice 
cream. The protein in superheated condensed skimmilk showed precipita¬ 
tion after one month’s storage at 0° F. and precipitation increased rapidly 
with longer storage periods. 

There were no significant differences in protein stability, pH, titratable 
acidity and viscosity of ice cream mixes made with the three types of 
fresh and stored frozen condensed skimmilk. 

* The data presented in this paper are from a study made by the junior authors 
under the supervision of the senior author in partial fulfillment of the work required 
for the degree of Master of Science. 
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lee cream mixes made with fresh plain condensed skimmilk whipped to 
100 per cent overrun slightly faster and to a slightly higher maximum 
overrun than when fresh superheated or fresh sweetened condensed milk 
was used. Superheated and sweetened condensed skimmilk mixes were 
equal in time to reach 100 per cent overrun but the former did not reach 
as high maximum overrun. Freezing and storing condensed skimmilk for 
3 months at 0° F. reduced the time to reach 100 per cent overrun in the 
mixes in which it was used. 

There was no appreciable difference in flavor score of the mixes con¬ 
taining either of the three types of condensed milk when used fresh or 
after storage. 

Ice cream made with fresh or stored frozen superheated condensed 
skimmilk was more resistant to melting and gave less foam on melting 
than ice cream made with plain and sweetened condensed skimmilk. 

M4. Replacing Cane Sugar with Variable Increments of Dextrose 
Sugars and the Effect upon the Physical and Chemical Proper¬ 
ties of Ice Cream at Different Serving Temperatures.* R J. 

Cooley, W. II. E. Reid and W. C. Hall, Missouri Agricultural 
Experiment Station. 

The object of this investigation was to obtain technical data relating 
to replacing cane sugar with variable increments of dextrose sugar and its 
effect upon the ice cream mixes and the resulting ice cream. 

The partial replacement of cane sugar in ice cream by corn sugar seems 
to be a desirable manufacturing procedure when the approximate replace¬ 
ment is 25 per cent. The replacement in this investigation ranged from 
16.7 per cent to 44,4 per cent in mixes varying in total sugar content 
from 12 to 18 percent. 

Motion and still pictures were used in studying the stability and melt¬ 
down qualities. Microphotographs and maeropliotographs were used to 
show the crystalline and air cell structure of the different ice creams. 
Regardless of the amount of cane sugar replaced by dextrose or cerelose 
up to 18 per cent total sugar and 44.4 per cent replacement, there appeared 
to be no marked variation between all sucrose mixes. 

Consumer preference studies on fifteen different mixes were conducted 
in cooperation with over 400 individual men and women. Fourteen classes 
of four to five samples of ice cream per class were given relative placings 
and specific criticisms by these representative consumer judges. Tabu¬ 
lations have been made on 3,465 samples of ice cream for flavor, body, and 
texture. The serving temperatures used were 4, 8, 12 and 16° F. respec¬ 
tively. 

It appeared that a replacement of 25 to 35 per cent dextrose or cerelose 

# Missouri Agr. Experiment Station, Journal Series No. 628. 
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for an equal weight of sucrose in ice creams was acceptable and, in some 
instances, preferred by the average consumer of ice cream. 

M5. Use of High Conversion Corn Sirup in the Manufacture of Ice 
Cream and Ices. George J. Edman and P. H. Tracy, University 
of Illinois. 

The introduction of a new type of corn sirup (known commercially 
as Sweetose) with an increased dextrose equivalent and reduced dextrin 
content as compared with the regular type of corn sirup, has made it 
desirable to determine the possibilities of the use of this product as a 
sweetening agent in the manufacture of ice cream, water ices, and 
sherbets. 

Studies have been made of the effect of the use of the sirup upon the 
physical properties of the mix and ice cream. In the same way the merits 
of the sirup in ices have been determined. 

It has been found possible to replace as much as 33J per cent of the 
sucrose in ice cream and 50 per cent of the sucrose in water ices and 
sherbets without any undesirable effects. The sweetening value assigned 
to the high conversion sirup was two-third that of sucrose. The superior 
body effect resulting from the use of the sirup was thought to be due to 
the higher total solids content resulting as well as the effect of the dextrins 
and the slightly greater depressing effect upon the freezing point that 
the sirup has as compared with sucrose. 

No deleterious flavor effects were observed, and in some cases the 
added flavors were intensified by the sirup. 

While the corn sirup lowered the freezing point of the mix (one-third 
replacement) as compared with the sucrose control mix, the effect was no 
greater than in the case of a mix containing dextrose (one-fifth replace¬ 
ment). 

Corn sirup was found to be soluble in water solutions frozen and 
stored at -15° F. This property of the sirup was found to he a decided 
advantage in preventing surface crustation in water ices. 

M6. Corn Sugar and Sirups for Frozen Desserts. A. C. Dahlberg and 
E. S. Penozek, New York Agricultural Experiment Station. 

In this study three types of corn sweeteners were compared with 
sucrose, namely a new type of liquid corn sirup, d. e. 64.5, a new dry corn 
sirup, d. e. 42,5 and corn sugar. These sweeteners were compared in water 
solutions, in ice cream, and in ices. 

There are differences in the flavor, pH, relative sweetness, and freezing 
point depression of these corn sweeteners. Only one of the three prod¬ 
ucts had a “sirup flavor” in concentrations used in ice cream. The pH 
values of both sirups were below that of the ice cream mix. Both corn 
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sirups, on a dry basis, depressed the freezing point of water about the 
same as sucrose whereas corn sugar showed a greater depression. 

In the ice cream mix it was found that 25 per cent of the sucrose could 
be replaced with corn sweeteners as larger amounts produced soft ice 
cream. All of the corn sweeteners reduced the freezing points of the 
mixes more than sucrose when used in quantities sufficient to give com¬ 
parable sweetness. However, the dry corn sirup was used in reduced 
quantities and it produced a mix with a high freezing point and an ice 
cream slightly tinner than sucrose ice cream. 

The use of corn sweeteners had no material effect upon the acidity, pH, 
viscosity, surface tension, fat clumping and whipping properties of the 
mixes. 

The various corn sweeteners varied somewhat in their effect upon the 
flavor of ice cream. The ice cream with liquid corn sirup possessed a 
slightly fresher, fuller flavor than sucrose ice cream. The dry corn sirup 
ice cream was a trifle flat in flavor due chiefly to too low a sweetening value 
indicating clearly the need for additional sugar. In most instances the 
liquid corn sirup ice cream possessed slightly superior keeping qualities. 
The body and texture of the ice cream was improved slightly by both 
sirups. 

The hardness of iee cream was decreased and the rate of melting 
increased most for corn sugar and to a lesser degree for the com sirups. 
However, in the concentrations used this effect was commercially insig¬ 
nificant. 

The development of sandiness was not greatly affected by the sugars 
yet there was a tendency for the dry corn sirup to slightly retard its 
development. 

In all cases the use of corn sweeteners eliminated the development of 
sucrose crystallization in ices. These corn products are essential in 
sherbets and ices to manufacture a commercial product of satisfactory 
keeping quality. 

M7. Factors Affecting the Viscosity of Ice Cream Mixes Containing 
Sodium-Phospho-Alginate. John H. Hetrick and J. H. Erb, 
Ohio State University. 

The ice cream stabilizer, sodium-phospho-alginate, commercially known 
as Dariloid, increases the viscosity of ice cream mix appreciably when 
used in the amount necessary for proper stabilization. The quantity 
used in ice cream ranges from .25 per cent to .30 per cent. The high 
viscosity of mixes containing this algin is one of the main factors limiting 
its use. 

A number of factors have been studied which have an effect on the 
viscosity. When a small amount of di-sodium phosphate or sodium citrate 



492 


JOURNAL OF DAIRY SCIENCE 


■was added to the mix before incorporation of .25 per cent algin the vis* 
cosity of the mix was increased over the control containing no added salt. 
The pH of the mix previous to incorporating the algin was very important 
from the standpoint of viscosity. In a range from pH 6.2 to pH 7.2 the 
viscosity increased in proportion to the increase in pH. 

Pasteurization temperatures have an influence on the viscosity of mixes 
stabilized with sodium-phospho-alginate just opposite to those stabilized 
with gelatin. Temperatures were studied from 160° F. to 180° F. The 
higher temperatures in the case of the algin mixes produced a greater 
immediate viscosity and this viscosity was retained on aging. The ice 
cream made from mixes pasteurized at 180° F. showed greater melting re¬ 
sistance and slightly better body and texture than mixes containing the 
same amount of algin but pasteurized at 160° F. It was also found that 
the longer the time the algin mixes were held at the pasteurizing tem¬ 
perature the greater was the final viscosity of the mix. 

M8. Influence of Drawing Temperature as a Factor Affecting the Stabi¬ 
lizing Action of Gelatin and the Body and Texture of Batch and 
Continuous Frozen Ice Cream. R. E. Heyl and P. H. Tracy, 
University of Illinois. 

In a series of experiments dealing with the stabilizing power of gelatin 
in ice cream, it was observed that identical mixes when frozen in a counter 
freezer, a horizontal batch freezer, and in a continuous type of freezer 
showed little correlation in body score of the resulting ice creams. 

When drawing temperatures were compared, the ice creams with the 
lowest drawing temperatures were found to have the highest body and 
texture scores, and a study was undertaken to determine the relation of 
drawing temperatures to the body and texture of ice cream. 

Ice cream mixes (12 per cent fat, 11 per cent serum solids, 15 per cent 
sugar) containing 0.28 per cent, 0.30 per cent, and 0.35 per cent of 225 
Bloom porkskin gelatin (pH 4.5) were prepared and frozen in a continuous 
freezer to 24.4° F., 23.8° F., and 22.1° F. at 100 per cent overrun when 
drawn. When these samples were judged, it was found that the body 
and texture scores varied inversely with the drawing temperatures. The 
ice cream drawn at 22.1° F. had a smoother body than any samples drawn 
at higher temperatures. 

Since the freezing point of an ice cream mix and its whipping ability 
directly influence the temperature at which it can be drawn from the 
freezer, the study was extended to include ice cream frozen in a counter 
freezer, and in a horizontal 40-quart batch freezer. Ice cream frozen in 
these types of freezers could not be drawn at 100 per cent overrun at as 
low temperatures as in the continuous type freezer. 



ABSTRACTS OF PAPERS PRESENTED AT ANNUAL MEETING 


493 


In all cases, ice creams that were drawn at the same temperatures 
regardless of the type of freezer, compared favorably with each other from 
the standpoint of body, when analyzed by organoleptic tests. 

Overfreezing on the continuous freezer or drawing ice creams at tem¬ 
peratures too low, when the quantity of gelatin present was sufficient 
for higher drawing temperatures, tended to produce ice creams with sticky 
or gummy bodies. 

The results suggest that due consideration should be given to possible 
variations in drawing temperature of the ice cream in attempting to arrive 
at the optimum amount of stabilizer that should be used in the mix. 

M9. The Application of Motion Pictures as a Medium in Showing the 
Influence of Several Factors upon the Stability and Meltdown 
Properties of Ice Cream.* W. S. Arbuckle, C. W. Decker and 
R. J. Cooley, Missouri Agricultural Experiment Station. 

Studies have been made by the use of motion picture photography in 
showing the relation of several factors in the composition and manufactur¬ 
ing procedure upon the stability of vanilla ice cream. 

The investigation includes the effect of variable acidity in medium 
and high serum solids content mixes, the effect of overrun or weight per 
gallon of ice cream, the different sources of serum solids and of replacing 
variable increments of sucrose with dextrose and cerelose in medium and 
low fat content mixes upon the stability and melt down properties. 

The pictures illustrate the effectiveness of motion pictures in present¬ 
ing complete detailed information of educational and investigational value. 

M10. A Study of the Coliform Group in Ice Cream. H. J. Fournelle 
and H. Macy, University of Minnesota. 

A study is being made of the numbers and types of the coliform group 
in ice cream. Factory-packaged samples obtained from ice cream manu¬ 
facturers have been vanilla, chocolate, strawberry, sherbet (or ice), and 
a chocolate-covered confection known as “cheerio.” Scoop, or dipper, 
samples have been obtained from drug store fountains, confectioneries, 
ice cream shops, etc. 

Brilliant green-lactose-bile broth Inis been used for presumptive tests. 
An estimation of the numbers is made by using the dilution method of 
Halvorson and Ziegler (Jour. Back, 25: 101-121, 1933). For factory- 
packed ice cream, six dilutions are made with 10 tubes inoculated in each 
dilution. The lowest dilution, consisting of 10 ml. of the sample, is inocu¬ 
lated into 100 ml. of brilliant green-lactose-bile medium. The other dilu¬ 
tions, 1 ml. to 0.0001 ml., inclusive, are inoculated into 10 ml. quantities 
of the medium. After 48 hours incubation at 37° C. all tubes are ex- 

* Paper No. 629 in the Missouri Agricultural Experiment Station Journal Series. 
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amined for gas production. Halvorson and Ziegler’s tables giving the 
most probable number of bacteria per ml. are used for interpreting data. 
The range of dilutions of inocula of scoop samples is between 1 ml. and 
0.000,001 ml., inclusive, where 10 tubes are used for each dilution. Direct 
plate counts are also made on violet red-bile agar. 

A comparison is being made between buffered and unbuffered brilliant 
green-lactose-bile broth to determine which medium is the more suitable 
for sherbets and ices. Five tubes each of buffered and unbuffered medium 
are used in each dilution. 

Eosin-methylene blue agar plates are streaked from tubes of brilliant 
green-lactose broth of the lowest and highest dilutions showing gas after 
24 and 48 hours. Representative typical and atypical coliform colonies 
and non-coliform colonies are picked and transferred to nutrient agar 
slants. 

All cultures are purified before planting into differential media. For 
purification light suspensions are made in sterile distilled water from agar 
slants and inocula from this are streaked on eosin-methylene blue agar. 
After incubation, representative colonies of different types are picked and 
transferred to nutrient agar slants. This process is repeated so that three 
E. M. B. plates are streaked and colonies transferred to three agar slants. 

Gram and flagella stains and determination of motility are made from 
nutrient agar slant cultures that have incubated 18-22 hours at 37° C. 
The method of study of bacterial flagellation recommended by Conn and 
Wolfe (Jour. Bact. 36: 517-520. 1038) is being used. 

The following tests and reactions are used for identification of the 
types isolated: fermentation of lactose, dextrose, sucrose, saliein, dulcitol, 
and glycerol; formation of indol from 1 per cent tryptone broth; utiliza¬ 
tion of citrate as sole source of carbon; methyl red and Voges-Proskauer 
reactions; reduction of nitrate; hydrogen sulphide production; gelatin 
liquefaction, and action on litmus milk. 

Identification of cultures is made according to Bor gey's Manual of 
Determinative Bacteriology, 5th Edition. 

The probable numbers of the coliform types in the samples studied 
range from less than one per ten milliliters to 1160 per milliliter. The 
following types have been isolated, Escherichia call , E. coli var. acidi - 
laciici, E. coli var. neapolitana, E. freundii , Acrobactcr aerogencs, Aero - 
bacter cloacea , and a variety of other Gram negative rods that were isolated 
from eosin-methylene blue plates. 

Mil, Prevention of Oxidized Flavor in Frozen Cream by Homogeniza¬ 
tion and High Temperature Pasteurization. G. C. McFarland 
and L. H. Burowald, Ohio State University. 

Due to the lack of balance between production and utilization of milk 
over the yearly period, some means of storing surplus is necessary. One 
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method used is that of storing cream in the frozen state; however, con¬ 
siderable trouble from oxidized flavor is encountered. 

Three trials were run using high temperature pasteurized cream; the 
cream being pasteurized at 172° F. for one minute and for five minutes. 
In one of these trials highly susceptible cream was used. The cream used 
was separated from milk which had been pasteurized at 145° P. for 30 
minutes. Copper was added to the cream in the form of copper sulfate 
in amounts from 0.5 to 2.5 p.p.m. just before pasteurization at 172° F. 
Eight minutes were required to bring the temperature from 45° F. to 172° 
F. The cream was stored in waxed paper cartons at temperatures rang¬ 
ing between minus ten and zero degrees F. 

Three homogenized trials were also run in which the copper was added 
after pasteurization at 145° F. for 30 minutes, but before homogenization 
at 2300 to 2500 pounds pressure. The temperature at time of homogeniza¬ 
tion was 130° F. Highly susceptible cream was also used in one of these 
trials. The cream was stored in waxed paper cartons the same as for the 
other cream. 

In one trial, cream pasteurized at 172° F. for one minute and five 
minutes did not go oxidized after five months storage. In another trial, 
those samples contaminated with 2.0 and 2.5 p.p.m. copper and pasteurized 
at 172° F. for one minute showed a trace of oxidized flavor in four months. 
None was found in any of the samples pasteurized at 172° F. for five 
minutes. In the trial with susceptible cream, the copper contaminated 
samples pasteurized at 172° F. for one minute went oxidized in one and 
one-half months; however, the intensity was much less than that of the 
control samples. No oxidized flavor developed in the samples pasteurized 
at 172° F. for five minutes in this trial by the end of two months. 

In all of the trials, the copper-contaminated control samples developed 
the flavor in one and one-half months or less. 

Although an objectionable cooked flavor was present in the cream 
pasteurized at 172° F. at first, it diminished enough to be unobjectionable 
after one month’s storage. 

Results obtained seem to indicate that high temperature pasteurization 
at 172° F. for five minutes was sufficient to prevent, the formation of 
oxidized flavor in frozen cream. 

In one trial, the homogenized samples contaminated with 2.0 and 3.0 
p.p.m. of copper developed the flavor in the sixth month. In another trial, 
none of the homogenized cream developed the flavor after four months, 
and in the trial with susceptible cream, none of the homogenized samples 
had gone oxidized after two months storage. All the copper-contaminated 
unhomogenized control developed the flavor in one and one-half months 
or less. 

Homogenization seems to be effective in preventing the development of 
the oxidized flavor. 
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In a trial to note the effect of pancreatic enzyme as a preventive, cop¬ 
per-contaminated samples containing 2.0, 5.0, and 10.0 p p m. of pan¬ 
creatic enzyme have been in storage two months with no development of 
oxidized flavor. All of the copper-contaminated controls have developed 
the flavor in one and one-half months or less. 

Ml2. A Survey of the Objectionable Feed Flavors in Milk Throughout 
the North American Continent. P. A. Downs, University of 
Nebraska. 

A survey of the North American continent by states and provinces has 
been made in an endeavor to ascertain the seriousness of feed and weed 
flavors in milk and milk products. The results indicate that it is a serious 
problem in the majority of the territories. Feed flavors are reported as 
objectionable in widely distributed areas while weeds are reported as being 
the cause of trouble more extensively in the Middle West and South. Silage 
contributes in a great many cases, followed by pasture such as rye and sweet 
clover with alfalfa hay being reported as a cause of flavor in many states. 
Onion probably is the most common source of trouble in the weed class fol¬ 
lowed by ragweed and bitter weed. French weed is reported as being a 
serious problem in the Great Plains area and the Canadian Middle West. 
In those states where the problem is serious many experimental projects are 
in progress. Rather a limited file of references are available in the various 
states, and circulars, bulletins, and printed material available vary with the 
importance of the problem in the particular state. The educational pro¬ 
gram in various states that are seriously affected covers the use of the news¬ 
paper, radio, extension service, group meetings, 4-H Club, and in some 
states vocational agriculture high schools. 

From the results obtained it is apparent that the problem is serious in 
the North American continent as a whole, being spread from coast to coast 
and from Canada to the Gulf of Mexico in one form or another. It is be¬ 
lieved that more attention should be given this problem and that greater 
effort should be made to impress the producer with the importance of feed 
management for the dairy herd. 

M13. Interrelation of Certain Metals and Metallic Ions and the Develop¬ 
ment of Oxidized Flavor in Milk. 0. F. Garrett, New Jersey 
Agricultural Experiment Station. 

While studying the accelerative action of cupric and ferrous ions on the 
development of oxidized flavor in milk, it was observed that in one case, 
where equal molar proportions of both ions were added to a sample of milk, 
the accelerative effect was not so great as that of either one of the ions when 
added alone. This led to further studies of the interaction of various other 
metals and their ions when placed in milk. 
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In these studies copper sulfate was added in various molar concentra¬ 
tions to milk immediately following which various molar concentrations of 
other metallic salts were added. The results are summarized as follows: 

When divalent manganese w T as added in molar concentration equal or 
greater than copper the development of the oxidized flavor was either 
greatly retarded or completely inhibited for periods up to 96 hours. 

In two samples of inilk which spontaneously developed the oxidized 
flavor no such flavor appeared in the milk containing divalent manganese 
but no copper. 

The addition of ferrous iron to samples of milk containing added copper 
greatly retarded but usually did not completely eliminate the development 
of the oxidized flavor. 

The addition of divalent manganese to samples of milk containing fer¬ 
rous iron either greatly retarded or completely inhibited the development of 
oxidized flavor up to 72 hours. 

The addition of trivalcnt aluminum or of ferric iron to samples of milk 
which contained copper did not retard the development of the oxidized 
flavor. 

When pieces of manganese metal were placed in milk containing various 
concentrations of copper sulfate or ferrous sulfate the development of the 
oxidized flavor was greatly retarded. 

When strips of copper metal were placed in milk containing divalent 
majigane.se or pieces of manganese metal the development of the oxidized 
flavor was greatly retarded. 

Divalent manganese added to milk containing copper after the develop¬ 
ment of the oxidized flavor had begun checked further development of the 
flavor. 

The addition of divalent manganese to milk containing copper had no 
effect on the oxidation rate of reduced ascorbic acid nor on the magnitude 
of the oxidation-reduction potential. 

M14. A Comparison of the Effects of Seven Different Types of Rough- 
ages on the Color and Flavor of Milk. 0. F. Garrett, R. B. 
Arnold and G. II. Hartman, New Jersey Agricultural Experiment 
Station. 

In the first experiment a comparison was made between silage made 
from immature alfalfa preserved with molasses and green spring pasture. 
The color of the milk showed most of its increase during the first 4 weeks of 
feeding the silage but the maximum level w T as not reached until appproxi- 
mately 10 weeks had passed. The maximum color of the milk produced 
on the alfalfa silage (6.3 lactochrometer units) was almost equal to that pro¬ 
duced after 3 weeks on green pasture (6.4 lactochrometer units). 
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The flavor score of the milk produced on the alfalfa silage reached a 
maximum (above 22) in about 4 weeks and maintained this level until the 
cows were put on pasture when there was a slight but definite drop due to 
the appearance of “feed” flavors. 

In a second experiment a comparison was made of the effects of feeding 
molasses grass silage, phosphoric acid grass silage and corn silage on the 
color and flavor of milk. Three groups of cows were fed continuously on 
the three types of roughages for a period of 18 weeks. The following aver¬ 
age values were obtained at the beginning of the experiment; color, 5.2 lac- 
tochrometer units; fresh milk score, 20.8; milk score after 72 hours, 19.3; 
oxidation score after 72 hours with copper, 3.6. Similarly, the averages for 
the experimental period on the three roughages were: molasses silage 6.3, 
22.1, 21.1 and 1.6; phosphoric acid silage 6.1, 21.9, 20.9 and 1.5; corn silage 
5.2, 20.6, 19.4 and 3.4. The grass silage preserved by either method was 
definitely superior to corn silage for producing milk of high yellow color 
and good flavor stability but no significant differences occurred in the effects 
of the two grass silages. 

In a third experiment the effects on color and flavor of milk produced 
on molasses grass silage, beet pulp, and molasses-impregnated citrus pulp 
were studied. One group of cows was fed in 4-week periods, respectively, 
beet pulp, citrus pulp and grass silage. A second group was fed, respec¬ 
tively, grass silage, citrus pulp and beet pulp. 

The average color in lactoehrometer units for the three roughages was 
as follows: beet pulp, 4.9; citrus pulp, 4.8; grass silage 5.6. Similarly, the 
average flavor scores for the fresh milk were: beet pulp, 20.5; citrus pulp, 
20.6; grass silage, 21.7; flavor scdres after 72 hours were: beet pulp, 19.4; 
citrus pulp, 19.5; grass silage, 20.9; oxidation scores after 72 hours with 
copper were: beet pulp, 4.1; citrus pulp, 3.8; grass silage, 2.3. 

Beet pulp and citrus pulp, impregnated with molasses, appear to be in¬ 
ferior to grass silage in producing milk of high color and good flavor. No 
significant difference with respect to these two factors was noted between 
beet pulp and citrus pulp. 

Ml 5. Recent Studies on Oxidized Flavor in Milk. W. J. Corbett and 
P. H. Tracy, University of Illinois. 

Various investigators have suggested that the degree of saturation of the 
milk fat was related to the oxidation of the fat and occurrence of oxidized 
flavor. The saturation of the fat was varied by feeding one group of 3 cows 
cocoanut oil and another group of 3 cows corn oil. The oils were fed for a 
period of 12 days, omitted for 10 days, and then the groups were reversed 
and again fed corn and cocoanut oil for a period of 12 days. The cocoanut 
Oil lowered the iodine number approximately 4 per cent and the corn oil 
increased the iodine number approximately 15 per cent. Each group of 
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cows contained one animal that gave milk which developed the oxidized 
flavor “spontaneously,” and two cows whose milk developed the oxidized 
flavor in the presence of copper, one cow's milk being more resistant to cop¬ 
per than the other. All samples of milk were pasteurized in glass imme¬ 
diately after milking and divided into several lots. Copper sulphate was 
added to some of the milk samples. Changing the degree of saturation of 
the fat had no effect on the development or occurrence of the oxidized 
flavors. 

Studies of the anti-oxidative effect of tyrosine and the more soluble tyro¬ 
sine esters have shown them to be very effective anti-oxidants in milk when 
added at the rate of .02 per cent-.03 per cent. 

M16. Milk Flavor Study. H. B. Henderson, Thos. B. Harrison and 
C. E. Wylie, University of Tennessee. 

For two years investigations have been conducted at the Tennessee Sta¬ 
tion relative to the preservation and feeding of legume silage. This year 
a project has been conducted in conjunction with this work to determine 
what effect feeding various rations to dairy cows might have upon the flavor 
of milk. Data relative to the flavor score, flavor criticisms and susceptibil¬ 
ity of the milk to the development of oxidized flavor have been obtained. 

Four groups of cows were used in this project. Groups I, II, and III 
were fed rations comparing alfalfa, corn, and sericea silages. Group IV, 
which was composed of all the cows on official test in the University herd, 
received a much heavier ration than either of the other three groups. 

A comparison of flavor scores of milk from individual cows over a period 
of several months during the winter of 1939-1940 would indicate that 
although the feed consumed by cows does have some effect upon the flavor 
of the milk, as is evidenced by the presence of a feed flavor in the milk, this 
effect varies considerably between cows. Marked variations were con¬ 
sistently noted in the flavor score of milk from individual cows receiving 
identical rations. It was also noted that individual cows in a particular 
group produced milk that varied considerably in flavor score from one scor¬ 
ing period to the next, and no one cow was found to produce milk having a 
consistently high or low score. From the data collected to date, it would 
appear that other factors may have at least as much effect upon the flavor 
of the milk as the feed the cows consume. 

Samples of milk from individual cows were tested for their susceptibility 
to the development of oxidized flavor by the addition of copper to the milk. 
Group IV was the only one of the four groups of cows used in this experi¬ 
ment which produced milk susceptible to the development of this flavor to 
such an extent that it would be considered serious. Practically every cow 
in the entire herd, at one time or another during the time this investigation 
was conducted, produced milk that developed at least traces of oxidized 
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flavor, but each individual cow in Group 1Y consistently produced milk that 
was very susceptible to the development of this flavor. There was some 
variation in the degree of concentration of the flavor developed in the milk 
from the individual cows in the group, but every cow in this group con¬ 
sistently produced milk which was definitely susceptible to the development 
of the oxidized flavor. 

M17. The Relationship of Quality of Hay to the Development of Oxi¬ 
dized Flavor in Milk. W. Carson Brown, A. H. VanLandigham 
and Chas. E. Weakley, Jr., West Virginia Agricultural Experi¬ 
ment Station. 

Both carotene and ascorbic acid supplements in the feed have been 
shown to render milk non-susceptible to oxidized flavor. Since the carotene 
content of hay is a widely variable factor, it seemed advisable to determine 
the relationship between hay quality and oxidized flavor. 

Eight Jersey cows were selected whose milk developed metal-induced 
oxidized flavor on the normal herd ration. Throughout the entire experi¬ 
ment carotene, ascorbic acid, and flavor determinations were made each 
week. The flavor determinations were made by adding none, 0.5, 1.0, and 
1.5 p.p.m. of copper to pasteurized milk prior to storage for 3 days at 35 to 
40° F. At the end of the storage period the samples were scored by 3 per¬ 
sons familiar with the flavor. After 5 weeks on a preliminary herd ration, 
all the animals were changed to a low-carotene ration. This ration con¬ 
sisted of 8 pounds brown leafy alfalfa hay (0.58 mg. of carotene per 100 
grams) and 12 pounds of beet pulp per day as roughage, with a grain mix¬ 
ture of 100 pounds ground oats, 100 pounds wheat bran, 15 pounds cotton¬ 
seed meal, 3 pounds salt, and 2 pounds steamed bone meal fed according to 
production. After 4 weeks on the low-carotene ration the cows were 
divided into 2 groups producing milk about the same intensity of flavor. 
Group I was given the same ration as before except that the alfalfa was 
increased to 12 pounds per day while the cows in Group II were changed 
so that they received 12 pounds of bright, green alfalfa (4.30 mg. of caro¬ 
tene per 100 grams). After 5 weeks on this ration the cows in Group II 
had their ration supplemented by 2 pounds of alfalfa leaf meal (0.49 mg. 
of carotene per 100 grams) per day. Special care was taken to select hay 
of equal leafiness in both types of hay. 

At the start and during the period of carotene depletion there did not 
appear to be any direct relationship between the carotene content of the 
milk and the intensity of the oxidized flavor developed. Even when the 
carotene content of the milk was reduced to about one-third of the quantity 
present at the start of the experiment, the oxidized flavor was not increased 
in intensity. However, the feeding of bright green alfalfa hay and alfalfa 
leaf meal resulted in an increased carotene content in the milk and a de- 
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crease in the intensity of the oxidized flavor developed. The level of the 
carotene in the milk after feeding the bright alfalfa was about the same as 
at the beginning of the experiment at which time the milk was susceptible 
to oxidized flavor. Even with the carotene content of the milk reduced to an 
extremely low level, no spontaneous development of oxidized flavor 
occurred. In general it appears that as the carotene content of the milk 
decreases the ascorbic acid increases. This relationship was rather general 
and daily fluctuations tended to obscure it. 

From these results it would appear that there is no relationship between 
metal-induced oxidized flavor and the carotene content of the milk. Earlier 
work has shown that there is a relationship between carotene and ascorbic 
acid in the feed and oxidized flavor. Therefore it appears that susceptibil¬ 
ity of milk to oxidized flavor is the result of a metabolic process involving 
carotene and ascorbic acid prior to the secretion of the milk, or the suscepti¬ 
bility is related to other substances accompanying these products in the 
feed. 

Ml8. The Effect of Feeding Cod-Liver Oil on the Goaty and Oxidized 
Flavors, and Vitamin C in Milk. E. S. Guthrie, Cornell 
University. 

This is the second report on the study of tin* effect of feeding cod-liver 
oil on the goaty and oxidized flavors, and vitamin C in milk. Last year 
four cows were fed cod liver oil for 59 days. This second report covers the 
feeding of cod-liver oil to six cows over a period of 164 days. 

The cod-liver oil was administered in the first series of experiments by 
drenching. In the second set, the one this year, it was mixed in the feed of 
cows 3, 4, 5, and 6 during all of the oil feeding period. In case of cows 1 
and 2 the oil was given both by feeding and drenching. 

When it was found that the vitamin C would not climb to a high peak 
if the cod-liver oil was mixed with the feed, two of the least valuable cows 
were drenched. Cow 1 in this experiment was also No. 1 in the study of 
last year. She was the cow that responded most in the production of vita¬ 
min C in that first study. 

The goaty flavor developed in the milk of only one animal in the group 
this year, whereas last year it was apparent in the milk of three of the four 
cows. This year, the goaty flavor appeared during the latter part of a feed¬ 
ing period and the first few days of the following rest period. This was 
also true in the three examples of last year. The vitamin C on the other 
hand was below average when the milk was goaty this year, whereas last 
year this flavor was noticeable when the vitamin C was present in abun¬ 
dance. It seems that there is no correlation between the presence of the 
goaty flavor and the amount of vitamin C. 

There is an indication that cod-liver oil in the ration is a cause of the 
oxidized flavors. 
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When cod-liver oil whs given at the rates of 0.5 ml. per kilogram weight 
of the cow the vitamin C remained constant. In case the cod-liver oil was 
administered by drenching at the same rate an increase of vitamin C was 
perceptible. Larger doses of cod-liver oil made distinct increases in Cow T 
1, reaching a high peak of 67 milligrams per liter of Vitamin C in the milk, 
when the average under normal conditions was about 27 milligrams per 
liter. 

M19. Resistance of Thermoduric Bacteria to Chlorine Disinfection. A. 

C. Maack and M. J. Prucha, University of Illinois. 

Occasionally difficulty is encountered in meeting the requirements for 
bacterial count in pasteurized milk because of the presence of thermoduric 
bacteria. The question has been raised as to the resistance of these organ¬ 
isms to chlorine disinfectants. The present study is an attempt to find the 
answer to that question. 

The heat resistant organisms were found to be resistant to chlorine disin¬ 
fection also. For example; one organism, non-spore forming, that required 
a temperature of 143° F. for 3| hours to kill all of the bacterial cells also 
required chlorine strengths of 100 p.p.m. for 2 minutes or 20 p.p.m. for 5 
minutes for its destruction. 

It has been demonstrated that one of the main sources of these organisms 
are the utensils. Their resistance to chlorine disinfectants as well as to 
heat, may partly explain why they are present in milk in such large numbers 
as to be a problem in the dairy industry. 

M20. Is the Standard Plate Count a Proper Yardstick of Quality? M. E, 

Parker, Beatrice Creamery Company. 

Today the standard plate count and possibly the number of coliform bac¬ 
teria appear to occupy the center of the stage in the certification of sanitary 
quality of milk and its products. While we have come to accept certain 
numerical values as indicative of a proper sanitary quality, there is good 
reason to wonder if too much emphasis is not being placed on the quantitative 
significance of bacterial counts—particularly with respect to the pasteurized 
products. No one will deny that a 4 * ceiling’’ for the total bacterial count 
in raw milk has practical value. The establishment of a 44 floor’* for low 
counts in the raw or pasteurized milks, however, does not appear to be 
feasible. A good example of the false security possible in low bacterial 
counts is the widespread experiences with cappy or oxidized flavors in many 
a Grade A milk supply (both raw and pasteurized) during recent years. 

Qualitative methods should prove valuable as they would tend to remove 
any elements of doubt regarding the true significance of practices which 
might otherwise be controversial. Mere bacterial numbers as enumerated 
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bv the .standard plate count are objectionable because of the variety of 
standards prevailing: today which probably will be confusing no end with 
the projected changes in incubating temperatures and culture medium, not 
to mention the inherent inaccuracies of any cultural method of bacterial 
enumeration. Therefore, our plea is to pause and reflect. Consider quality 
control procedures objectively. Perhaps a good way to measure such in¬ 
tangibles as are involved in the quality control of dairy products—and we 
mean “quality control M in its broadest sense—is to apply qualitative meth¬ 
ods in order to evaluate properly “quality.” After all, John Ruskin was 
right when he said: “Quality is never an accident. It is always the result 
of intelligent effort.” 

M21. Control of Sediment in Homogenized Milk. A. J. Haiin and 
P. H. Tracy, University of Illinois. 

Sediment sometimes appears in the bottom of the bottle of homogenized 
milk Iwenty-four to forty-eight hours after bottling. This sediment gen¬ 
erally contains leucocytes, epithelial cells, cell debris, protein material and 
dirt. 

There is considerable variation in the cell content of milk from individual 
herds. Variations from a minimum of 203,840 cells per ml. to a maximum 
of 3,296,475 cells per ml. were observed, while the average count was 991,608 
cells per ml. Samples from the same herds were again tested a week later 
with the result that the cell counts varied from a minimum of 121,030 cells 
per ml. to a maximum of 2,395,120 cells per ml. with an average of 890,295 
cells per ml. 

The extent of sedimentation in milk is related to the creaming ability of 
milk. When the creaming ability of milk was impaired or destroyed, either 
by homogenization or excessive heat treatment, the degree of sedimentation 
in that milk increased. 

The degree of sedimentation in homogenized milk was increased by 
destabilizing the protein using calcium salts. 

A chemical analysis, on a dry matter basis, of the sediment in homo¬ 
genized milk showed that as the homogenization pressure increased there 
was also an increase in the percentage of protein contained in the sediment. 
The percentage of ash decreased with an increase in homogenizing pressure, 
while the percentage of ether soluble material underwent no changes. 

From the standpoint of removing cells from milk, single clarification 
either using a clarifier unit or a separator unit and remixing the milk 
reduced the cell content on an average of 61.7 per cent and 51 per cent 
respectively. Filtration did not remove cells from milk appreciably. There 
did not seem to be any definite amount of cells removed from milk by clarifi¬ 
cation at any one time as data indicated variations throughout the entire 
clarifying period. The efficiency of cell removal by clarification increases 
with an increase in temperature. 
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Clarifying two or more times increases the extent of cell removal over a 
single clarification. Clarification after homogenization was more efficient 
than clarification before homogenization. 

Pumping milk at slow speeds through an airtight clarifier results in 
greater clarification efficiency than pumping at the higher speeds. 

Increasing the storage temperature of homogenized milk from 40° to 
60° F. increased the degree of sedimentation of that milk. Placing the 
samples on a delivery truck for four hours where they could receive mild 
agitation did not increase the degree of sedimentation after 48 hours although 
the rate of sedimentation was increased to some degree. 

M22. A Study of the Effect of Added Iodine and Hydrogen Peroxide to 
Milk on the Enzymes. Myer Gltckstein, W. S. Mueller and 
J. H. Frandsen, Massachusetts State College. 

A study of the effect of added iodine (both organic and inorganic) and 
hydrogen peroxide to milk was made in an effort to determine the possibili¬ 
ties of stimulating or inhibiting actions. 

It was found that iodine and hydrogen peroxide in concentrations of as 
high as 100 p.p.m. in milk affects differently the activities of the enzymes 
studied. 

Organic iodine stimulates catalase and peroxidase activities to a marked 
extent; inorganic iodine and hydrogen peroxide to a lesser degree. Lipase 
is adversely affected by the reagents used, with inorganic iodine showing 
the most drastic action. 

Both types of iodine and hydrogen peroxide have a definite stimulating 
effect on gastric rennin, the action being most marked with organic iodine. 
Excessive use of these reagents produced inhibiting effects on the enzyme. 
Inorganic iodine has a paralyzing action on steapsin, whereas organic iodine 
and hydrogen peroxide have no significant effect on this lipolytic enzyme. 

Inorganic iodine has a definite retarding action on the proteolytic 
enzymes, pepsin and trypsin. The action of organic iodine is less marked 
and that of hydrogen peroxide is negligible. 

In general, it can be said that where there was a definite stimulation of 
enzymatic activity, organic iodine and, to a lesser degree, hydrogen peroxide 
were mainly responsible. In instances where inhibition took place, inorganic 
iodine was chiefly responsible and organic iodine and hydrogen peroxide had 
a materally reduced action, if any at all. 

M23. A Study of the Time-Temperature Relationships in the Pasteuri¬ 
zation of Milk as Regards Creaming, Phosphatase and Bacterial 
Destruction. It. F. Holland and A. C. Dahlberg, New York 
Agricultural Experiment Station. 

New and more rapid methods of heating, and the increasing use of high 
temperature-short hold pasteurization have created a need for a careful 
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study of the time and temperature relationships in the pasteurization of 
milk. 

This investigation covers the temperature range 140° to 175° F. employ¬ 
ing heating periods of only 2 to 10 seconds. The maximum holding periods 
which may be used without destruction of the creaming ability of the milk 
have been determined at each 5° interval over this range; also the minimum 
periods for the destruction of phosphatase and Escherichia coli. 

The milk was brought to pasteurizing temperature in a thin walled tinned 
copper container 12 x 20 x 1 eras, in size held in a hot water bath. After 
the proper temperature was attained this container was transferred to a 
constant temperature bath for holding. 

Cream layer volume was determined by placing 100 ml. of the milk in 
graduated cylinders in ice water and observing the depth of the layer 4 
hours and 24 hours after pasteurization. Phosphatase tests were run by 
the Gilcreas and Davis modification of the Kay and Graham method and by 
the Neave modification of the Gilcreas-Davis test. 

The milk was inoculated with a resistant strain of Escherichia coli before 
pasteurization and the surviving organisms determined by plating on violet 
red bile agar. Five formate-rieinoleate gas tubes were inoculated with 1 ml. 
of milk from each sample as a check on the plates. 

When the results of these determinations were plotted on semi-logarith¬ 
mic paper with time on the vertical axis on the logarithmic scale and tem¬ 
perature on the horizontal axis on the arithmetic scale, the points were found 
to fall on a straight line in each case. 

The maximum times at which milk may be held without reduction of 
creaming ability varied from 80 minutes at 140° F. to 2.5 seconds at 170° F. 

Bacterial destruction followed the creaming line exactly between 140° F. 
and 155° F. and then dropped slightly below at the higher temperatures. 

The line for phosphatase destruction denoting proper pasteurization fell 
below the creaming line and ran parallel to it until a temperature of 165° F. 
was attained when it dropped off sharply. 

M24. The Relationship of Changes in the Chemical Composition of Milk 
to the Development of Mastitis. A. II. VanLandingham, Oh as. 
E. Weakley, Jr. and E. N. Moore, West Virginia Agricultural 
Experiment Station. 

Since mastitis does not develop simultaneously in all quarters of the 
udder, and since negative quarters in affected udders secrete what seems to 
be milk of normal composition, a study has been made of the normal variation 
in the chemical composition of milk from individual quarters of the same 
udder. It appeared that a study of this kind might be of considerable value 
in diagnosing chronic mastitis in individual quarters of the same udder. 
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Approximately 250 udder examinations on 40 pure-bred Holstein cows 
have been made. The percentage of chloride, lactose, total nitrogen, and 
non-casein nitrogen was determined on samples of foremilk from individual 
quarters. The chloride-lactose number and the casein number were cal¬ 
culated. 

Physical examination and the following diagnostic tests on samples of 
foremilk were made in conjunction with the chemical studies: strip cup, 
brom thymol blue, Hotis test, chloride (colorimetric), microscopic examina¬ 
tion of incubated milk, leucocyte count, and blood agar plate. 

The foremilk from individual quarters free from mastitis was found to 
contain an average of 0.124 per cent chloride, and 4.79 per cent lactose. The 
average chloride-lactose number was 2.61 and the casein number 77.6. 

The mean difference between quarters in normal udders free from mas¬ 
titis was for chloride content 0.007 per cent, lactose 0.115 per cent, chloride- 
lactose number 0.184, and casein number 1,00. 

In order to detect incipient stages of chronic mastitis by changes in the 
chemical composition of the milk from individual quarters, the quarter with 
the lowest per cent chloride and chloride lactose number or the highest per 
cent lactose or casein number is considered normal. For a significant differ¬ 
ence between normal quarters and affected quarters there must be a differ¬ 
ence of at least 0.02 per cent chloride, 0.96 per cent lactose, 0.60 for chloride 
lactose number, and 2.90 for casein number. This difference, for signifi¬ 
cance, is equal to the mean difference between normal quarters, plus two 
times the standard deviation of normal quarter differences. 

Diagnosis of mastitis based upon quarter differences tends to eliminate 
difficulty due to changes in the chemical composition of milk from time to 
time as well as changes associated with advanced stages of lactation. 

Individual quarters invariably showed bacteriological changes in the 
foremilk before a change in the chemical composition of the milk was appar¬ 
ent. 

M25. The Determination of Copper in Butter. W. F. Epple and B. E. 

IIokrall, Purdue University. 

A review of the literature on the determination of copper in dairy prod¬ 
ucts revealed that no one method was entirely satisfactory. This study has 
proven that for the determination of minute quantities of copper in dairy 
products, the colorimetric method using the neutral wedge photometer, was 
most satisfactory. The method as finally adopted is a combination and 
modification of the Williams 1 wet ashing method and the colorimetric method 
of Clifford and Wichmann. 2 

Method. To 50 gms. of butter in a 250 ml. beaker, 15 ml. C.P. nitric acid 
was added and slowly digested on a steam bath until both layers were clear. 

1 J. Dairy Research, 3, 1931. 

2 J. A. O. A. C., 19, No. 1, 1936; 22, No. 2, 1939. 



ABSTRACTS OF PAPERS PRESENTED AT ANNUAL MEETING 


507 


The covered beaker was then cooled in a refrigerator until the fat layer con¬ 
gealed. The congealed fat layer was punctured and the nitric acid layer 
drained into a 500 ml. Kjeldahl flask. The fat was washed by adding 50 ml. 
of glass distilled water, heated until the fat melted with occasional swirling 
of beaker, then cooled and the water layer added to the nitric acid in the 
Kjeldahl flask. This procedure was repeated three times. Ten ml. of con¬ 
centrated sulfuric acid were added to this mixture and slowly heated on ‘a 
Kjeldahl digestion apparatus until the contents assumed a black frothy 
consistency, after which the flask was removed from the rack and allowed to 
cool. Then four to five drops (about 0.2 ml.) perchloric acid (70 per cent) 
were added with caution. After the decomposition of organic matter, the 
heat was increased to volatilize the excess acid and this continued until about 
three ml. remained. After cooling, the residue was transferred to a 250 ml. 
separatory funnel with small portions of hot distilled water and neutralized 
with ammonium hydroxide using litmus paper (any great excess was 
avoided). Ten ml. of 15 per cent solution of citric acid were added and the 
Avhole diluted to 90 ml. When at room temperature, 10 ml. of 0.1 per cent 
sodium-diethyl-dithio-carbamate solution were added and the contents well 
shaken. To this mixture, 20 ml. of redistilled carbon-tetra-chloride were 
added and the mixture shaken vigorously until complete extraction of the 
color by the solvent was obtained. 

The carbon-tetra-chloride was filtered into the standard tube and the 
color measured with the use of a neutral wedge photometer. The light filter 
used was a Wratten No. 62 Hg. Green (530 mp) mounted in B glass. The 
tube was 150 mm. in length and 12 mm. in diameter. 

Results. The data show that a high percentage of recovery is possible 
when known concentrations of copper are carried through the entire method. 

The method permits the use of a large sample without the possibility of 
reagent contamination. 

The photometer used is sensitive through a color range of 5 to 50 p.p.m. 
of copper. 

M26. The Uniformity of Butter Composition as Related to Type of 
Churn. S. L. Tuckey and P. H. Tracy, University of Illinois. 

The production of butter of uniform composition is one of the essentials 
of good plant management. One of the important factors in the production 
of butter of uniform composition is the type and construction of the churn. 

Even though churning load, churning temperature, butter granule size, 
wash water temperature, and other important factors may be properly con¬ 
trolled, it will be impossible for the operator to produce butter of uniform 
composition if the churn is of such construction that it permits excess water 
to remain at one end or the center of the churn. 

For this analytical study butter samples were obtained from several 
types of churns under commercial operating conditions. For comparison, 
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four samples were secured from each end and from the center of each churn. 
In this experiment over 200 samples were analyzed by the Kohman method. 

Our data serve to stress the importance that each operator know the 
characteristics of his particular churn since no particular type or make of 
churn was found to produce butter of uniform composition consistently. 
New workerless churns were found in which the butter taken from the two 
ends varied over 1 per cent in composition. Also workerless churns were 
found that produced butter of uniform composition; samples taken from the 
two ends showing a variation of only 0.1 per cent. These statements may 
be applied also to worker type churns. Some worker churns which had 
been remodeled to act as workerless churns produced butter of greater 
uniformity than that produced before the rollers were removed. 

M27. Changes in the Bacterial Flora of Butter. C. A. Wilson and M. J. 

Prucha, University of Illinois. 

Bacterial deterioration of butter is still largely an unsolved problem of 
the dairy industry, although it has been the subject of a considerable amount 
of research. 

The following study, consisting of observations of the changes in the 
bacterial flora was made in an effort to throw additional light on the subject. 

Butter samples were made from sour, neutralized cream which had been 
processed by three different methods of pasteurization. Studies were made 
on the raw cream, pasteurized cream, fresh butter, and butter stored for 3 
weeks at 65° F. and for 4, 8, and 12 weeks at 40° F. 

The method of study consisted of making agar plates of suitable dilu¬ 
tions. Usually the plates that had,about 50 colonies were selected and all 
the colonies were picked and inoculated into sterile litmus milk. The micro¬ 
bial flora was divided according to the reaction in the litmus milk after two 
weeks of incubation at 90° F. into the following groups: 

1. Fast acid formers—milk clabbered. 

2. Slow acid formers—milk not clabbered. 

3. Alkali formers. 

4. Sweet curd formers. 

5. Peptonizers. 

6. Inert—no visible reaction. 

The microbial flora in the raw cream consisted chiefly of the rapid acid 
producing coagulating organisms. After pasteurization, the rapid acid 
organisms decreased but the flora was still predominantly acid forming. 
The slow acid formers became more numerous on percentage basis. The 
percentage of acid formers in the raw and pasteurized cream tended to 
remain quite constant. 

In the freshly made butter, the percentage of the acid formers decreased 
and the percentage of the alkali-formers, of the peptonizers and of the inert 
increased. 



ABSTRACTS OF PAPERS PRESENTED AT ANNUAL MEETING 


509 


Three weeks storage of the batter at 65° F. resulted in an almost com¬ 
plete elimination of the acid forming organisms. The microbial flora con¬ 
sisted mostly of the alkali-formers and of the inert types. 

The flora of the butter stored at 40° F. tended to remain of the same kind 
as that of the fresh butter. 

No marked differences were observed between the bacterial flora of the 
cream pasteurized by the three different methods or between the butter made 
from these creams. 

M28. Some Preliminary Observations on the Effectiveness of Propio¬ 
nates as Mold Inhibitors on Dairy Products. J. D. Ingle, Swift 
& Company Chemical Laboratories. 

Several series of tests were run on fresli cut blocks of natural cheese 
wrapped in tinfoil, moisture-proof cellophane, or pliofilm. The samples 
were either dipped in propionate solutions or the wrappers sponged with 
the solutions. The results indicated that sponging the wrappers has little 
effect in holding down surface mold. Samples dipped in 8 per cent pro¬ 
pionic acid held up about twice as long before showing visible mold as com¬ 
pared to the controls. Eight per cent calcium and 8 per cent sodium pro¬ 
pionate treated samples were somewhat better than the controls but did not 
approach the 8 per cent propionic acid in effectiveness. 

Tests made indicate that small percentages of sodium or calcium pro¬ 
pionate incorporated into processed cream cheese are only slightly effective 
in holding down surface mold. The most effective method of holding down 
surface mold on cold packed cream cheese was found to be that of waxing 
the wrappers with a wax containing propionic acid. 

Tests made on unsalted butter stored at 60° F. and 100 per cent humid¬ 
ity indicated that wrappers containing either 6 per cent calcium propionate 
or 32 per cent sodium propionate greatly inhibited the growth of mold on 
the surface of the butter. Wetting the propionate impregnated wrappers 
before wrapping gave better results than using the dried impregnated 
wrappers. 

There seemed to be little difference in effect between the parchments 
treated with sodium and calcium propionates. 

M29. Propionic Acid and Its Calcium and Sodium Salts as Inhibitors of 
Mold Growth. J. C. Olson and II. Macy, University of Minne¬ 
sota. 

A study has been made to determine the effectiveness of propionic acid, 
calcium propionate and sodium propionate in inhibiting the growth of vari¬ 
ous species of mold on the surface of butter and in culture media. 

It has been found that it requires less calcium propionate by weight, than 
sodium propionate to inhibit the development of molds on media and on the 
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surface of butter wrapped with parchment treated with solutions of the 
propionates. Further, it requires a much lower concentration by weight 
of propionic acid to bring about the same degree of inhibition. 

The final pH of media containing either of the salts is an extremely im¬ 
portant factor in restraining mold growth, for example, with a two per cent 
concentration of sodium propionate in potato dextrose agar, the reaction 
was approximately at pH 7.00 and relatively rapid and abundant mold 
growth occurred. When the medium was brought to pH 6.1 by the addition 
of lactic acid no growth occurred in five days. 

Some difference in the tolerance of several genera of molds to propionic 
acid and its sodium and calcium salts has been noted. Of those studied, 
Penicillium species showed the greatest tolerance. 

In an attempt to determine the agent actively responsible for the inhibi¬ 
tory effect of the salts and the acid, several observations have been made. 
In potato dextrose agar to which had been added sufficient propionic acid 
to give a 0.009 M concentration the growth of Hormodendrum cladospori - 
oides was relatively abundant; when 0.4 gm. of sodium propionate was added 
to 100 ml. of such acidulated medium, growth was completely checked, but 
when 0.4 gm. of sodium propionate alone was added to 100 ml. of potato 
dextrose agar containing no propionic acid there was abundant growth. 
This observation and other experimental results point to the possibility that 
the undissociated propionic acid is responsible for the growth inhibition. 

M30. Some of the Factors Affecting the Phosphatase Values of Butter. 

W. H. Brown, Purdue University. 

The application of the phosphatase test to sour cream butter presents a 
more complex problem in the interpretation of the results than the applica¬ 
tion of the test to sweet products. Studies were made to determine some 
of the reasons for inaccuracies that may occur which are not directly due 
to the technique of the test. The methods used were those developed by 
Scharer. 

The concentration of the phosphatase enzyme in cream has been recog¬ 
nized. There is a further concentration of the enzyme in butter during the 
buttermaking process. This fact may give rise to a positive phosphatase 
value for butter, if the suggested milk standards are used, even though the 
cream gave a negative test. 

An increase of the phosphatase value of butter from a negative to a posi¬ 
tive test during a storage period of 10 days at 60° F. has been encountered 
in approximately 10 per cent of the samples analyzed. This increase in 
phosphatase value also occurred at temperatures considerably lower than 
60° F. However, the values obtained on butter samples held at 0° F. re¬ 
mained constant for three years. The possibility that this increase might 
be due to the production of the phosphatase enzyme by micro-organisms has 
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been investigated. Many micro-organisms were isolated which are capable 
of producing the enzyme in milk and cream, but none of these organisms 
produced the enzyme in butter. By increasing the incubation period in 
determining the phosphatase value of fresh samples, it was possible to pre¬ 
dict, in many cases, those samples which changed from negative to positive 
during storage. 

Slow cooling of the cream after marginal pasteurization has been found 
to affect the phosphatase reaction of the cream and butter. 

It was found that the enzyme phosphatase is not acid tolerant. As the 
development of acidity in raw cream increases, the destruction of the phos¬ 
phatase enzyme increases. 

M31. Effect of Salt on the Keeping Quality of Cream. W. J. Caulfield, 
F. E. Nelson and W. H. Martin, Kansas Agricultural Experiment 
Station. 

In each of a series of four trials, four samples of 80 per cent cream to 
which salt in quantities equal to 0, 7, 10, 18 and 16 per cent of the weight 
of the fat-free serum was added, were held at 60, 70, 82, and 90° F. for 
10-day periods. Changes in acidity, formol titration and grade were fol¬ 
lowed, observations being made at 1, 2, 3, 4, 5, 6, 8 and 10 day periods. 
Changes in the bacterial flora of two samples were followed by direct micro¬ 
scopic observations. All control samples deteriorated rapidly, and at 80 
and 90° F. became unlawful within five days. At 60° F., 7 per cent salt 
kept the cream from going below first grade in all samples, but at higher 
temperatures this concentration was not sufficient to keep the cream from 
becoming second grade or lower. Salt in 10 per cent concentration kept the 
cream from changing from sweet to first grade at 60 and 70° F. but was 
considerably less effective at 82 and 90° F. where much second grade cream 
resulted when this salt concentration was used. Salt in 13 and 16 per cent 
concentrations kept the cream sweet through a five day period at all tem¬ 
peratures, with the exception of two samples, and through the 10 day period 
at 60 and 70° F. with but one exception. At 82° F. these two salt concen¬ 
trations kept all samples from becoming second grade, but at 90° F. second 
grade cream was obtained in about half of the samples. The data from acid¬ 
ity and formol titrations and the bacteriological observations corroborate 
the results of the organoleptic grading. 

In each of a series of four other trials, the addition of 13 per cent salt on 
a serum basis to the cream after holding at 70° F. for 3, 4, 5, and 6 day 
intervals did not prevent further deterioration during the remainder of a 
10 day storage period. 

In three additional trials, creams to which 13 per cent salt on a serum 
basis was added and control lots of the same creams without salt were held 
at 70° F. for 10 days. The resulting creams were then neutralized if neces- 



512 


JOURNAL OP DAIRY SCIENCE 


sary, pasteurized at 150° F. for 30 minutes and churned, unsalted butter 
being made. After storage the control creams were all low second grade, 
while the creams to which salt had been added were all on the border line 
between sweet and first grade. Acidity and formol titrations and bacterio¬ 
logical results again corroborated the organoleptic findings. The fresh 
butter from the creams to which salt had been added graded 92, 92, and 
92.5, while the butters from the control creams graded 87, 90, and 90 re¬ 
spectively. No change in score occurred after storage at -10° F. for 60 
days, indicating no greater tendency for chemical change in the butters from 
the salted creams. 

Unsatisfactory butterfat tests were obtained on the cream to which salt 
had been added when the usual Babcock procedure w T as employed. When 
a modified procedure was used, results which agreed favorably with the 
calculated butterfat percentages were obtained. 

Summary. The results indicate that the deterioration of cream, held 
without the benefit of adequate cooling, may be retarded by the addition 
of salt. The amount of salt necessary will depend upon the time and tem¬ 
perature of storage. The addition of salt will not prevent further change 
in cream which has already undergone appreciable deterioration and thus 
the method is limited largely to farm use. 

M32. The Chemical and Bacteriological Changes in Brick Cheese During 
Manufacture. J. C. Garey, E. M. Foster and W. C. Frazier, 
University of Wisconsin. 

Changes in the numbers of bacteria in brick cheese were followed by 
means of cultural and direct microscopic methods. 

When Streptococcus lactis was the only starter used, no growth of this 
organism took place in the vat when cooking temperatures were 104° F. or 
112° F. At the lower cooking temperature, the numbers of S. lactis in¬ 
creased slowly until the fourth to sixth hour after dipping, then multiplica¬ 
tion became very rapid. The maximum numbers of bacteria were attained 
20 to 24 hours after dipping. At the higher cooking temperature, the be¬ 
ginning of rapid growth was delayed until the sixth to eighth hour after 
dipping. Maximum numbers again were reached 20 to 24 hours after 
dipping. At that time the pH of the cheese varied from 4.9 to 5.1. 

When only Streptococcus thermophilus was used as starter, growth of 
this organism began almost immediately, continued rapidly during curd¬ 
making (cooked at 104° F.) and in the dipped curd until the third or fourth 
hour after dipping. Maximum numbers were reached 10 to 12 hours after 
dipping. At that time the pH varied from 5.2 to 5.35. When the cooking 
temperature was raised from 104° F. to 112° F. the period of rapid growth 
was longer and maximum numbers were higher. 

When both 8 . lactis and S. thermophilus were used (cooking temperature 
104° F.) and their proportions varied, a 1:1 ratio (0.5 per cent each) was 



ABSTRACTS OP PAPERS PRESENTED AT ANNUAL MEETING 


513 


found to produce the most desirable type of brick cheese. When this pro¬ 
portion was used, the cessation of growth of 8. thermophilus and the be¬ 
ginning of rapid growth of 8. lactis overlapped. This resulted in a steady 
growth of starter bacteria throughout the making process until the maximum 
numbers were reached 20 to 24 hours after dipping. At that time the pH 
was 5.0 to 5.15. 

The moisture at two weeks in all of the above cheese ranged from 37.5 
to 40.0 per cent. 

By means of a washed-curd method, sweet cheese was made with 42 to 
44 per cent moisture at two weeks. The washing process removed about 
40 per cent of the lactose. 

In a study of the development and prevention of “early gas” it was 
found that 2.5 per cent of starter (0.5 per cent 8. thermophilus and 2.0 per 
cent 8. lactis) would prevent “blowing” when conventional manufacturing 
methods were used. This was not true with the washed curd methods, where 
it was found that 3.5 per cent starter (0.5 per cent 8. thermophilus and 3 
per cent 8. lactis) failed to prevent “blowing.” This defect could be pre¬ 
vented in the washed curd process by cooking to 120° F. and using 0.3 per 
cent 8. thermophilus and 0.5 per cent Lactobacillus bnlgaricus. Gassiness 
in the cheese was also prevented by pasteurization of the milk. 

The bacteriological study of the interior of brick cheese during ripening 
revealed that the 8. lactis types of bacteria eventually predominated. The 
8. thermophilus types decreased rapidly in numbers even when 8. thermo¬ 
philus was added. A few species of lactobacilli, notably Lactobacillus 
cased , appeared in the raw milk cheese after about two to three weeks and 
gradually increased in numbers thereafter. 

M33. The Control of Abnormal Bacterial Fermentations in the Manu¬ 
facture of Swiss Cheese. Lloyd A. Burkey, Morrison Rogosa 
and Robert R. Farrar, Bureau of Dairy Industry, U. S. Depart¬ 
ment of Agriculture. 

A study of bitter flavor and reddish spots in Swiss cheese indicates that 
these abnormalities are caused by equipment contamination. 

Bitter, peppery, and other off-flavors in Swiss cheese were associated 
with the presence of large numbers of aerobic spore-bearing bacteria. These 
bacteria were isolated from a sample of bitter cheese which was typical of 
over one third of the cheese made in one section of the country. The iso¬ 
lated cultures are similar in many respects to Bacillus vulgaius and Bacillus 
mesentericus. They are actively caseolytic and produce a distinct bitterness 
in sterile whole milk but only a slight bitterness in sterile skimmed milk. 

Studies made of these cultures under various conditions, including ex¬ 
perimental work in laboratory Swiss cheese, show that they are resistant to 
high temperatures, will grow and attain numbers well over a million per 



514 


JOURNAL OF DAIRY SCIENCE 


gram in cured cheese, persist several months in the cheese making equipment, 
and can be eliminated from this equipment only by severe sterilization 
methods. 

Bitterness in Swiss cheese from this cause is believed to be associated 
with high moisture. Factors which inhibited the development of the bitter 
forming bacteria in Swiss cheese were: 

(1) The use of an active culture of Streptococcus thermophilus with a 
correspondingly rapid production of acid at the period three hours after 
dipping. 

(2) Adherence to a making process of high cooking temperature (over 
53° 0.), short foreworking, and a long “stirring out” period. 

(3) Addition of salt to the kettle milk and heavy salting during the 
curing process. 

The presence of reddish or brown spots in cured Swiss cheese was found 
to be caused by the development in the cheese of a contaminating type of 
propionic acid bacteria persisting in cheese making equipment. In several 
instances, crevices, roughness, or bad joints in equipment apparently pro¬ 
vided places of lodgment for these contaminants. 

Suggestions for the prevention of losses caused by these defects are as 
follows: 

(1) Elimination of roughness or places of lodgment for bacteria in all 
equipment. 

(2) Daily thorough cleaning of all equipment. 

(3) Occasional sterilization of all equipment by means of prolonged hot 
Avater treatment or use of an efficient chemical disinfectant. 

(4) The use of pure culture starters of proper activity. 

It is believed that laxity in care of cheese making equipment and failure 
to use active starters of known purity, are responsible for other defects in 
Swiss cheese associated with abnormal eye formation. 

M34. The Effect of Heat-Treatment of Milk on the Activity of Swiss 
Cheese Starters. M. E. Tyler and H. H. Weiser, The Ohio State 
University. 

The normal ripening process involved in the manufacture of Swiss cheese 
depends largely on the biochemical activity of the micro-organisms used in 
the starter. Under factory conditions, the heat-treatment of the milk used 
in the preparation of the bulk starter may vary widely and may influence 
the activity of the starter, assuming that other environmental factors are 
properly controlled. It was decided, therefore, to study the effect of vari¬ 
ous heat-treatments of the milk, made immediately prior to inoculation, on 
the activity of the starter organisms. In this study, 18 strains of strepto¬ 
cocci and laetobacilli used in the manufacture of Swiss cheese were employed. 

Fresh, raw, whole milk was dispensed in 75 cc. amounts in large, sterile 
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test tubes, and each tube of milk was heated at a given temperature for a 
given time interval as follows: 

Series I. Samples of milk heated at 80° C. for 1, 2, 3 and 4 hour periods. 

Series II, Samples of milk heated at 100° C. for 1, 2, 4 and 5 hour 
periods. 

Series III. Samples of milk heated at 120° C. for 15, 30, 45 and 60 
minute periods. 

At the end of the heating period the milk was cooled to room temperature 
and the redox potential was determined, the hydrogen-ion concentration re¬ 
maining fairly constant. The saturated calomel half-cell, a Model 3C 
Coleman potentiometer and bright platinum foil electrodes were employed 
in the determination of the potential. The samples were then inoculated 
with a Swiss cheese starter culture, amounting to 1 per cent of the volume 
of each sample. Incubation of these samples was at 37° C. for 24 hours. 

The activity of the various starter organisms was determined by titrat¬ 
ing the cultures for acidity, using 10 ec. amounts, 0.10 N NaOH, and 
phenolphthalein as the indicator. The titration was carried out after the 
starters were incubated at 37° C. for 12 and 24 hours. 

It was noted that as the heating period was prolonged at 80° C., 100° C., 
or 120° C., the Eh curve showed a significant decrease. Milk heated at 
80° C. showed very little change in the acid production. When the milk 
was heated at 100° C. for 2 or 4 hours the maximum amount of acidity was 
produced by all the cultures studied; a minimum amount of acid was 
formed in milk heated for 1 hour, while the 5-hour heating period showed 
considerable variation in the amounts of acid produced by the various or¬ 
ganisms. The greatest amount of acid that was formed in the milk heated 
at 120° C. occurred in the 30 or 45 minute periods, the 15 and 60 minute 
periods exhibiting a wide range in acid production. 

It appears that the use of proper time and temperature of heating the 
milk employed in the preparation of bulk starters has a favorable influence 
on the activity of the various starter organisms used in the ripening of 
Swiss cheese. This may be due to the fact that the Eh of the milk is 
lowered, thus providing a more satisfactory cultural environment for the 
micro-organisms concerned. 

M35. The Standardization of Fat in Swiss Cheese and the Relationship 
of Fat to Quality. George P. Sanders, Robert R. Farrar, Fred 
Feittz and Robert E. Hardell,* Bureau of Dairy Industry, U. S. 
Department of Agriculture.t 

1. Estimation of 'percentage of fat in dry matter. For securing results 
on composition promptly without plugging the cheese, a method has been 

* Resigned March, 1 940. 

t In eooporation with the Departments of Dairy Industry of the University of Wis¬ 
consin and the Ohio State University. 
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devised for preparing pressed samples of kettle curd for analyses. Samples 
of curd are taken from the kettle, just prior to dipping, by means of strainer- 
bottom dippers. Two such samples are placed in a perforated-bottom, metal 
cylinder, a 1000-gram weight is inserted, and excess whey is thus squeezed 
out. The composition of the sample approximates that of the cheese. Its 
firm, compact condition, like that of the cheese, permits it to be cut into 
strips for the fat test. In 355 sets of samples, values of fat in dry matter 
of pressed curd were within 1 per cent of those found in the corresponding 
cured cheese in 70 per cent of the cases, and within 2 per cent in 95 per cent 
of the cases. For efficient standardization it is recommended that, in addi¬ 
tion to frequently analyses of pressed curd and cured cheese, fat tests be 
made of milk samples from every kettle. 

2. Relationship of percentage of fat in dry matter to quality. Tabula¬ 
tions of analytical and grade data for 632 cheeses, sampled in 39 factories 
principally in Wisconsin and Ohio, indicate that highest average quality was 
found in cheese containing 45-46 per cent fat in dry matter, and that cheese 
in which the values exceeded this range was somewhat superior to that which 
contained less than 45 per cent fat in dry matter. In controlled comparisons 
on 30 pairs of laboratory cheese made from high-solids milk, yielding cheese 
that was rather firm in texture, cheese containing an average of 48 per cent 
fat in dry matter was superior to that containing less than 45 per cent. 

M36. Improving the Quality of Swiss Cheese Through Applied Research 
and Technical Control. Robert R. Farrar, Bureau of Dairy 
Industry, U. S. Department of Agriculture. 

Improvements were made in the quality of the Swiss cheese produced by 
a large factory in Idaho during the four summer months of 1939, using the 
methods recommended by the Bureau of Dairy Industry. 

The proportion of low quality or grinder cheese was reduced to 28.6 per 
cent for the period as compared with 63.3 per cent for the same four months 
the previous year. During August, the last month of this project, the 
grinder cheese amounted to 11.6 per cent of the total make as compared with 
58.1 per cent the previous year. Under the conditions then prevailing the 
returns were 33 per cent more for a C grade cheese than for a grinder cheese. 

Improvement in the quality of the cheese was effected through (1), the 
introduction of pure culture starters and improved methods of starter propa¬ 
gation, (2) improvement of the quality of the milk, (3) changes in the manu¬ 
facturing methods used, including composition control, and (4) improve¬ 
ment in curing-room management. 

The improvement in cheese grades effected during late May and during 
the first several weeks of June can be attributed primarily to starter improve¬ 
ment. 
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As a result of a milk quality improvement program among the producers 
the individual methylene blue reduction time was increased from an average 
of 1.5 hours on May 30 to 5.5 hours on August 10 when general conditions 
were not as favorable. The temperature of the milk at the intake averaged 
7° P. lower on this latter date. An average methylene blue time of 5.5 hours 
was necessary to obtain a 3-hour reduction time in the kettle milk. Kettle 
milks having approximately a 3-hour reduction time yielded the highest 
average quality cheese. 

In an attempt to produce the highest average quality cheese the milk was 
sorted at the intake on the basis of methylene blue time, acidity, and odor; 
the “poor” milk cheeses graded 78.6 per cent grinders for the 4 months and 
the “good” milk averaged 19.5 per cent grinders. For the month of August 
the “poor” milk cheese graded 70.6 per cent grinders as compared with 4.3 
per cent for the “good” milk cheese. 

The manufacturing methods were changed to meet the changing charac¬ 
teristics of the milk and to produce as nearly as possible a cheese containing 
less than 40 per cent moisture and at least 45 per cent fat in dry matter. 
Controlling the acid development at 3 hours after dipping within the range 
of pH 5.90 to 5.70 was effective in preventing “pressler” cheese. 

Changes were made in curing-room management to slow up the rise of 
the cheese and to provide more salt. The relative humidity of the curing 
rooms was corrected. 

Shrinkage during the usual two-month curing period, through changes in 
manufacturing methods and curing room humidity, was reduced to a normal 
figure of 7.59 per cent, as compared with a former extreme of 14 per cent. 

Similar improvement in cheese quality was effected at a Pennsylvania 
Swiss cheese factory where visits of several days duration were made at 
six-week intervals. 

M37. Relation of Salt Content to Bitter Flavor Development in Cheddar 
Cheese. S. L. Tuckey and H. A. Kueiie, University of Illinois. 

The flavor of cheddar cheese is the result of the action of several factors, 
the more important of these being bacterial development, acidity develop¬ 
ment, moisture content, and salt content. For several years the authors have 
judged cheese at the Illinois State Fair, and one of the most common defects 
in these cheese samples was the presence of a bitter flavor. It w r as also noted 
that this bitter flavor was not necessarily associated with characteristic acid 
defects. Cheese made at the College Creamery also frequently developed 
this characteristic bitter flavor. In an attempt to determine the cause and, 
if possible, the remedy for this defect, a study was undertaken to determine 
the relationship between the salt content of cheese and bitter flavor develop¬ 
ment. 
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Ten lots of cheese were made using 3000 pounds of 3.5 per cent-3.7 per 
cent milk in each lot. The procedure was such that the whey was drawn at 
0.14 per cent acidity, the curd milled at 0.5 per cent acidity, and salt was 
added at the rate of 2.6-2.7 pounds per 1000 pounds of milk. The finished 
cheese had a moisture content of 36-37 per cent. The salting period lasted 
60 minutes; however, at regular intervals during this time part of the cheese 
was taken from the vat and packed in longhorn molds. These samples were 
used for analyses and judging. Salt determinations were made by the distil¬ 
lation method of Whitmore and Overman. Our results show that: 

1. The average salt content of cheese salted for 20 minutes was 1.33 per 
cent; for 40 minutes was 1.60 per cent; and for 60 minutes was 1.70 per cent. 

2. The cheese salted for 20 minutes and 40 minutes developed a lower pH 
than did the cheese salted for 60 minutes although not low enough to develop 
acid defects in the body. 

3. The cheese salted for 20 minutes developed a bitter flavor, and this 
flavor was detected often in the cheese salted for 45 minutes, but the flavor 
was not present in the cheese salted for one hour providing the salt content 
was 1.7 per cent or more. 

4. There is a close correlation between a low salt content of cheddar 
cheese and a characteristic bitter flavor. 

M38. More Accurate Determinations of Volatile Fatty Acid and Other 
Changes as a Means to Study Cheddar Cheese Curing. J. C. 

Marquardt and A. C. Dahlberg, New York Agricultural Experi¬ 
ment Station. 

An investigation has been started to develop analytical procedures to 
follow and interpret changes in the curing of cheddar cheese. It is even¬ 
tually planned to use these methods to obtain a better understanding of the 
causative factors for differences in the curing of raw and pasteurized milk 
cheese, the seasonal variations in curing, and the role of lipase in cheese 
curing. 

The investigation up to the present time has been devoted to the develop¬ 
ment of suitable procedures for following fat changes in the curing of ched¬ 
dar cheese. Literature reviews have indicated that methods commonly used 
are subject to irregularities. It has been established that the amounts of 
volatile fatty acids obtained by extracting fat by pressure or water-ether 
solution from the cheese are far greater than those which are obtained 
directly from the cheese by steam distillation. The studies have also shown 
the difficulties encountered collecting certain quantities of distillate and 
expressing for comparative purposes the values obtained with these amounts. 

It has been found that salt, moisture, protein, and fat determinations are 
essential on all cheese and the component parts used in the studies. These 
are used mainly to augment analyses which follow. 
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In the studies we have determined the amounts of cheese to use depending 
upon the age of the cheese for steam distillation so that all of the volatile 
fatty acids will be obtained in the first 2000 cc. of distillate. Similarly suit¬ 
able amounts for the extracted fat for steam distillation have been deter¬ 
mined. All of these values are finally reduced to comparable terms. It has 
been possible to perfect methods to show that the amount of volatile fatty 
acids which can be steam distilled from pressure extracted fats are two or* 
more times greater than those obtained by steam distilling the cheese. 
Higher values are also obtained when water-ether extracts of the cheese are 
steam distilled. 

The purpose of the study up to the present time has been to develop pro¬ 
cedures whereby the fat changes in curing cheese can be more accurately 
studied. 

M39. Effect of Lipolytic Enzymes on the Ripening of Cheddar Cheese. 

C. B. Lank and B. W. Hammer, Iowa Agricultural Experiment 
Station. 

Studies have been continued on the development of flavor in cheddar 
cheese. Since the relatively high acid numbers obtained on fat from ripened 
cheese suggest the importance of a limited fat hydrolysis, the effect of lipo¬ 
lytic enzymes on cheese ripening was studied. 

Lots of cheese were made in which lipolytic enzymes were added to the 
pasteurized milk used for cheesemaking. Control cheese not containing the 
enzymes were made from the same original lots of milk. The cheese were 
examined organoleptically several times during a ripening period of 3 
months. 

Pancreatin had a rather undesirable effect on the cheese flavor even when 
added in very small concentrations. A disagreeable rancid condition was 
regularly produced and persisted during the entire ripening period. 

Desiccated, bovine mammary tissue or water extracts of it appeared to 
have a desirable effect on the cheese ripening. Different lots of tissue varied 
considerably in lipolytic activity so that it was difficult to determine suitable 
amounts to employ. Satisfactory results were commonly obtained with 25 
to 35 gm. of tissue or the equivalent in extract to 1000 pounds of milk. 
Cheese made with the tissue or its extract usually developed “cheddar’’ 
flavor more rapidly than the control cheese, and the body and texture were 
often considered more desirable. When a relatively large amount of tissue 
(100 gm. to 1000 pounds of milk) or when a smaller amount of highly lipo¬ 
lytic tissue was employed, a rancid flavor sometimes developed in the very 
young cheese, but it disappeared as the cheese aged. 

Standardization of extracts of mammary tissue on the basis of lipolytic 
activity is being attempted. 
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M40. The Purification of Rennin. C. L. Hankinson* and L. S. Palmer, 
University of Minnesota. 

Two liters of Hansen’s rennet extract were adjusted to a pH of 4.5 with 
7.0 ml. of concentrated HC1. A precipitate formed readily and was centri¬ 
fuged for 20 minutes at 2000 r.p.m. The supernatant liquid was poured off 
and the precipitate was dispersed in sufficient 16.7 per cent NaCl solution 
(20 gm. NaCl per 100 ml. H 2 0) to make one liter volume. The pH was 
adjusted to 6.0, whereupon the precipitate all dissolved. The pH was again 
adjusted to 4.5 and the suspension centrifuged for 20 minutes. The pre¬ 
cipitate was dissolved in 16.7 per cent NaCl at pH 6.0 and made up to 500 
ml. volume with the solvent. There was some sediment at this point. This 
was centrifuged out since previous work had shown it to be relatively inac¬ 
tive. The pH was then adjusted to 4.5 and the suspension centrifuged for 
20 minutes. The precipitate was dissolved in the 16.7 per cent NaCl, made 
up to 250 ml. with solvent and the pH adjusted to 6.1. Again there was 
considerable sediment which was centrifuged out. Activity determinations 
were made on the final liquid and on the original rennet extract. The solu¬ 
tion was stored in a cold room at 2° C. Portions were dialyzed as needed. 

By following the activity per unit weight of dry material in the precipi¬ 
tate and supernatant liquid, it was found that the most active rennin prepa¬ 
ration could be obtained by the above procedure. Precipitation at varying 
pH with varying salt concentrations and different kinds of salt led to this 
procedure. It was found that the most active rennin material behaved as 
a globulin, (1) being soluble in dilute salt solution, (2) insoluble in saturated 
salt solutions, (3) precipitating at the isoelectric point pH 4.6, and (4) pre¬ 
cipitating upon electrodialysis. This is in contrast to reports in the litera¬ 
ture that rennin is an acid albumin (Fenger, 1923), thioproteose (Tauber 
and Kleiner, 1932) or some non-protein material (Liiers and Bader, 1927). 
The reddish brown or coffee-brown color is not associated with the rennin 
activity as believed by Richardson and Palmer. Most of this colored mate¬ 
rial is left in the first supernatant liquor at pH 4.5. 

This procedure has the further advantage of separating the peptic or 
proteolytic from the purely rennin active material. Most of the peptic activ¬ 
ity is left in the first supernatant liquor at pH 4.5. Thus there may be some 
association between the pepsin and the reddish brown colored material. 

This rennin preparation shows an increase in activity of nearly four 
times that of the original extract while 92.5 per cent of the proteolytic activ¬ 
ity has been removed. It was found possible to store the enzyme in 16.7 
per cent NaCl solution at 2° C. with very little loss of activity in three 
months. 

M41. The Effect of Standardizing the Acidity on the Methods and 
Physical and Chemical Properties of Cottage Cheese and Cul- 

* Present Address: Carnation Research Laboratories, Milwaukee, Wisconsin. 
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tured Buttermilk.* L. E. Mull and W. H. E. Reid, Missouri 
Agricultural Experiment Station. 

In this investigation, a study was made of the effect of adjusting the 
acidity at different steps in the manufacturing process upon the physical 
and chemical properties of cottage cheese and cultured buttermilk. 

It was found that cottage cheese curd washed in water containing vari¬ 
able increments of standardizing agent produced a clean, sweet, mild flavored* 
curd. High concentrations of standardizer had a tendency to produce a 
weak bodied, slick curd, and in some instances a gelatinous material formed 
around the curd particle. 

Adjusting the acidity in the cream used in creaming the curd enhanced 
the flavor of cottage cheese. The curd, creamed with low acidity cream, 
maintained a higher pH and a lower acidity throughout the storage period 
than did curd creamed with normal acidity cream. 

Adjusting the acidity in the skim milk before setting, and varying the 
amount of starter and rennet improved the flavor and body, and reduced 
the time from setting to cutting of the curd to approximately two and one- 
half hours. 

The use of an excessive amount of standardizer in the storage water 
resulted in an undesirable flavored curd with an inferior keeping quality. 

A clean, full, mellow flavor, and a smooth body of a desirable viscosity 
was obtained in cultured buttermilk by adjusting the acidity in the milk 
before setting. There was no indication of wheying-off at the end of a seven- 
day storage period. Adjusting the acidity in the milk, increasing the 
amount of starter, and raising the setting temperature produced a high 
quality cultured buttermilk in approximately five hours. 

M42. The Use of Homogenized Milk in the Manufacture of Cottage 
Cheese. I). W. Glover and L. H. Burowald, Ohio State Uni¬ 
versity. 

Since the advent of homogenization, dealers selling homogenized milk 
have been confronted with a problem of utilization of returns. One method 
for utilizing returns of bottled homogenized milk is to manufacture it into 
cottage cheese. 

Experimental batches of cheese were made using homogenized milks of 
various butterfat content. The trials were made in groups ranging in 
number from three to five, each group including one batch from skimmilk 
for a control. It was found advisable to add calcium chloride to the homo¬ 
genized milk to increase the coagulability; one cubic centimeter of a satur¬ 
ated solution was added per 100 pounds of milk in the vat. A setting 
temperature of 70° F. and the acid-rennet method of coagulation was used 
(1.0 ce. rennet per 1,000 pounds milk). Fat and solids determinations were 
made using the Mojonnier method. 

* Missouri Experiment Station, Journal Series No. 62C. 
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Keeping quality of homogenized milk cheese and creamed curd of equal 
butterfat content were compared by storing the samples at 45° F.; samples 
were judged for flavor daily or every two days. In every trial, the same 
amount of cream was added per 100 pounds of curd, and the butterfat con¬ 
tent of the cream was varied to meet the fat requirements. Homogenized 
milk cheese of a given butterfat content exhibited better keeping qualities at 
45° F. than cheese from skimmilk brought up to an equivalent butterfat 
percentage by adding cream pasteurized at 143° F. for thirty minutes. 

Results of preliminary trials in which four, three, and two per cent 
homogenized milk were used indicated that it is not advisable to use milk 
exceeding two per cent butterfat content. Cheese resulting from these 
higher fat content milks were very high in butterfat and were mushy in 
spite of the low T moisture content. 

The coagulum may lack the gel-like property exhibited by that of coagu- 
lum from skimmilk; consequently, in cutting the curd, it is necessary to 
exercise care in order that the curd not be broken up into uneven sized 
particles. 

Fat losses in the whey were greater in eases where milk of higher fat 
content was used. Analyses of whey samples from trials in which milk 
having two per cent or less butterfat content did not show excessive fat loss 
in the whey (0.04 to 0.109 per cent). 

Solids tests on the whey obtained from various trials show that there is 
little difference in solids in the whey when using milks of different butterfat 
content (6.50 to 6.92 per cent). 

The average yield of curd increased as the butterfat content of the milk 
used increased. The butterfat content of the cheese increased as the per 
cent butterfat in the milk used increased. 

The use of homogenized milk for cottage cheese manufacture resulted in 
a cheese of excellent flavor and texture quality. The flavor and texture 
scores increased with the percentage of butterfat in the cheese. The butter¬ 
fat increased the smoothness of texture and richness of flavor. 

M43. The Effect of Temperature upon Score Value and Serving Proper¬ 
ties of Cheese.* W. S. Arbuckle, J. E. Edmondson and L. E. 
Mull, Missouri Agricultural Experiment Station. 

Recent investigations reveal that temperature has a marked effect upon 
flavor, body, and serving properties of certain dairy products. 

Submerged flavors and a resistant body exist at lower temperatures in 
ice cream and butter, while full, pronounced, volatile flavors, and a less 
resistant body are prevalent at higher temperatures. 

This study deals with the effect of temperature upon the score value and 
serving properties of high, medium, and low quality cheese. The samples 

* Paper No. 630 in the Missouri Agricultural Experiment Station Journal Series. 
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were scored at 40, 50, 60 and 70° F., and it was found that the low and 
medium quality cheese received a lower flavor score when judged at higher 
temperatures. The reverse was true for high quality cheese. As the tem¬ 
perature of scoring was changed from 40 to 70° F., the flavor score varied 
as much as 2.5 points. 

The body score changed considerably at the various temperatures de¬ 
pending upon the type of body studied, and the serving properties, became. 
more desirable in most cases at the higher temperatures. 

M44. Economic Barriers Affecting the Dairy Industry. H. A. Ruehe, 
University of Illinois. 

During recent years economic barriers affecting the dairy industry have 
greatly increased. Some of these barriers are the results of laws enacted by 
Congress, some originate in state, county or municipal legislation, others are 
directly due to the misuse of legislation created for other purposes, and there 
are still others that are the result of activities or organized groups carried 
on for purely selfish motives. 

Trade barriers affecting the dairy industry can be classified in four 
groups: 

1. Activities of organized groups. 

2. Wage and hour legislation. 

3. Misuse of health regulations. 

4. Marketing orders operating under the Agricultural Marketing Act of 
1937. 

There are two types of organized groups whose activities react as barriers 
to the industry: (1) labor unions, and (2) producer organizations. 

In many markets, labor unions control the working personnel in dairy 
plants. This has a direct effect on students and graduates of dairy institu¬ 
tions. It is gradually becoming more difficult to place men for summer and 
permanent employment. Furthermore, unions establish wage scales and in 
many cities they control the methods for marketing milk. These activities 
in many instances increase the selling prices of milk and cream and, hence, 
tend to curtail consumption of these products. 

Producer organizations in various milk sheds have been effective in cur¬ 
tailing the milk supply by keeping producers out of the market through con¬ 
trol of their membership. The health authorities in some cities refuse to 
inspect the farms of producers not members of certain cooperative groups, 
and, since the producers must be approved by the inspecting authorities, 
such producers are eliminated from the benefits of the market. 

Wage and hour laws have a direct bearing upon manufacturing and 
processing costs of plants operating on an interstate basis. Such plants are 
at a disadvantage when operating in competition with competitors operating 
on an intrastate basis. 
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During the last two decades, there has been a progressive evolution of 
dairy legislation devoted to sanitary requirements. Such legislation has had 
the support of the dairy industry and the public has benefited greatly by 
such protection. In the past few years, a misuse of such legislation has 
created trade barriers which have prevented the free flow of dairy products 
in commerce. 

Various markets are operating under Federal Marketing Orders estab¬ 
lished under the Agricultural Marketing Act of 1937. The orders, as estab¬ 
lished in various cities, vary somewhat but their main purpose is to establish 
milk prices paid to producers. This activity has been effective in establish¬ 
ing high retail prices which in turn has curtailed consumption of dairy 
products. Some of these orders contain provisions which virtually close the 
market to new producers, and thus help to limit the supply available to the 
market. 

Dairy educators should study this problem of economic barriers, and 
they should assist in eliminating such unwholesome factors. Much can be 
done by encouraging the reciprocal acceptance of equivalent quality stand¬ 
ards of inspection by various agencies. Educators must also assist con¬ 
sumers in understanding such economic problems which are affecting the 
public’s economic welfare. 

M45. The Effect of Cocoa upon the Digestibility of Milk Proteins. L. D. 

Lipman and W. S. Mueller, Massachusetts State College. 

Whole milk powder plus a commercial brand of Dutch-process cocoa and 
whole milk pow T der plus a commercial brand of American-process cocoa, with 
and without additional cocoa fat, Were fed in comparison with whole milk 
powder in feeding trials with albino rats. The amount of cocoa added to the 
diets was approximately 16.5 per cent by weight, which is equivalent to 
approximately 4 per cent on a fluid milk basis. The digestibility of the milk 
and cocoa proteins was studied. 

The rats were able to digest approximately 85, 69, 71, and 71 per cent of 
the food proteins when rations containing milk powder, milk powder plus 
Dutch-process cocoa, milk powder plus American-process cocoa plus 2 per 
cent cocoa fat were fed, respectively. Subjecting these results to mathemati¬ 
cal analysis revealed that the digestibility of milk proteins (85.3 per cent) 
was reduced 7.8 and 6.0 per cent when the ration contained Dutch, and 
American-process cocoa, respectively. The addition of 2 per cent cocoa fat 
to the American-process cocoa-milk rations reduced the digestibility of milk 
proteins by 5.8 per cent. 

The proteins of the American-process cocoa were more completely di¬ 
gested (44.5 per cent) than those of Dutch-process (38.1 per cent), when 
the ration contained cocoa in amount equivalent to 4 per cent by weight on 
a fluid milk basis, and cocoa was the only source of protein in the diet. The 
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digestibility of the proteins in the American-process cocoa was found to be 
only 41.1 per cent when 2 per cent by weight of cocoa fat was added to the 
ration. 

On the basis that the addition of cocoa to whole milk powder (in quantity 
equivalent to 4 per cent by weight on a fluid milk basis) does not greatly 
reduce the digestibility of the milk proteins, we may conclude that the 
amount of cocoa in average commercial chocolate milk (approximately 1 per 
cent by weight) has no significant adverse effect upon the digestibility of 
the milk proteins. 

M46. The Acid Hydrolysis of Lactose and the Preparation of Hydro¬ 
lyzed Lactose Sirup. G. A. Ramsdell and B. H. Webb, Bureau 
of Dairy Industry, II. S. Department of Agriculture. 

A study has been made of the effect of time and temperature of heating 
and of acid and sugar concentration upon the hydrolysis of lactose. As the 
temperature of a lactose-water mixture is raised to 150° C. (54J lbs. gauge 
pressure) or higher, decreasing amounts of IIC1 are required to hydrolyze 
the sugar. The proportion of hydrolytic products other than glucose and 
galactose increases as the lactose concentration of the aqueous mixture is 
raised from 10 per cent to 80 per cent. A 10 per cent lactose solution may 
be almost completely hydrolyzed to glucose and galactose at 150° C. in the 
presence of a small quantity of IIC1, but when a 60 or 80 per cent laetose-in- 
water mixture is used a marked destruction of the hexoses accompanies the 
cleavage of the lactose. Hydrochloric acid has been found to be a satisfac¬ 
tory acid, and the quantity required is so small that the flavor of the finished 
sirup is not ad versely affected when the acid has been neutralized. 

The determination of lactose, glucose, and galactose in hydrolyzed lactose 
sirup is complicated by the presence of optically active decomposition prod¬ 
ucts having a reducing action. However, it is believed that a close approxi¬ 
mation of the composition of the sirups has been obtained. The analytical 
procedure involved determining the reducing action of the sirups before and 
after destroying the glucose with yeast according to the Somogyi technique. 
The combined hexoses were determined by the use of a modified Barfoed’s 
solution. From these results the sum of the lactose and other reducing 
decomposition products were* obtained by calculation. 

A clear, sweet sirup of pleasing taste containing glucose and galactose 
with small quantities of lactose and with some hexose decomposition prod¬ 
ucts can be made easily by hydrolyzing lactose with acid. Such a sirup 
which can be prepared to contain 60 to 63 per cent solids will keep well and 
is suitable for table use or for the manufacture of various sweet goods. 

M47. Same Properties of Different Combinations of Whey and Other 
Materials Which Dry Satisfactorily on the Atmospheric Drum 
Drier. E. L. Jack and A. J. Wasson, University of California. 

Whey solids have valuable nutritional properties and when they can be 
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recovered economically they become a supplementary source of income to 
cheese plants. When whey alone is dried on the double drum atmospheric 
drier, a gummy mass results that is difficult to remove from the machine and 
which hardens when cool so that grinding is necessary to put it into useable 
condition. For the formation of a continuous sheet of dry material it is 
necessary to add a drying agent to the whey. Various materials have been 
used, including skimmilk solids, either in liquid or dry form, and cereal 
products. This study has been concerned with the properties of different 
combinations of whey and drying agents which yielded a satisfactory sheet 
when scraped from the drum. 

It was found that when liquid skimmilk was used as the drying agent it 
required about one and one-half parts skimmilk solids to one part whey 
solids at low acidities to form a satisfactory sheet. This represents about 
one part milk protein to two parts lactose. As the acidity increases the 
amount of skimmilk solids required increases also. When condensed skim- 
milk was used approximately equal parts of skimmilk solids and whey solids 
in the mixture formed a satisfactory drying combination. Increasing 
acidity again required that more milk solids be used. Mineral acids gave 
substantially the same results as developed or added lactic acid. Ground 
cereal products were also used. Approximately one part cereal product to 
two parts whey solids gave satisfactory results. Those found to be useable 
were flour, corn starch, ground oats (sifted), and ground barley (sifted). 
The amount of cereals required was not much affected by different degrees 
of acidity. The lactose: nitrogen ratios and the pH relationships have been 
determined. 

M48. A More Precise Method for Estimating Fat in the Babcock Test. 

E. 0. Herreid, Vermont Agricultural Experiment Station. 

Observations indicated that the fat column in the Babcock test was 
estimated under a variety of conditions with regard to light, alining of 
bottles, and type of calipers. An effort was made to standardize such con¬ 
ditions'so that the test might be estimated on a comparable basis by tech¬ 
nicians. It is believed that the equipment described fulfills these require¬ 
ments. 

The apparatus used in the laboratory of the Vermont Agricultural Ex¬ 
periment Station was invented by the late J. Hortvet, chemist in the Dairy 
and Food Laboratory of the Department of Agriculture, Saint Paul, Min¬ 
nesota. This apparatus was described in old catalogue C, pages 470-71 of 
the Central Scientific Company, and is called a Milk Fat Caliper. This 
equipment is not manufactured at the present time. 

The original apparatus was illuminated by an electric bulb through an 
etched glass in the center with a mirror strip on each side; the neck of the 
bottle being read against the illuminated etched glass and the mirror serv- 
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ing as a guide to assist in leveling the line of vision at the top and bottom 
of the fat column with the calibrations on the bottle. Another unique fea¬ 
ture of this apparatus is that the fat column is estimated by a mechanical 
device consisting of two pointers, one adjustable to the lower and the other 
to the upper extremity of the fat column by means of two knobbed screws. 

This apparatus as designed by Hortvet was used, but it became evident 
that the lighting arrangement could be improved. The combination etched 
glass and mirror was replaced with white, flashed, opalescent glass thus 
allowing reading the test against an entire white background. The mirror 
was unnecessary because the present bottles have a marked line three- 
fourths the circumference of the neck at each per cent mark to aid in level¬ 
ing the eye straight across the top and the bottom of the fat column. The 
original pointers on the mechanical measuring device were too blunt to ob¬ 
tain estimations with ease and accuracy, consequently they were replaced 
with adjustable needle points held in place by screws. Finally a five inch 
reading glass was attached that magnified the fat column about two and 
one-half times. 

The time required to read the tests is approximately the same as that 
with hand calipers when one becomes accustomed to this apparatus. Esti¬ 
mations can be made on milk to 0.025 per cent with ease and precision; how¬ 
ever, finer calibrations on the test bottles would be advantageous. A bottle 
that does not stand level is the only difficulty thus far encountered under 
practical operations. This equipment will be available for examination. 

Acknowledgment is gratefully made to Mr. Henry J. Hoffman, Chief 
Chemist in laboratories of the Department of Agriculture, Saint Paul, 
Minnesota, for his courtesy in loaning the Milk Fat Caliper. 

M49. The Effect of Specific Gravity and Coefficient of Expansion of 
Butterfat on the Accuracy of the Babcock Test. R. Jen ness, 

Vermont Agricultural Experiment Station. 

Measurement of specific gravity and coefficient of expansion of pure 
butterfat and of fat siphoned from the Babcock test column was undertaken 
in order to determine their exact values and to furnish a basis for evalua¬ 
tion of the accuracy of the Babcock test. The fact that the neck of the 
Babcock bottle is calibrated on the basis of the assumption that the specific 
gravity of fat is 0.9 at the temperature of reading makes specific gravity 
data essential. Coefficient of expansion makes possible estimation of differ¬ 
ences in reading to be expected at different temperatures and calculation of 
changes in specific gravity as temperature changes. 

Samples representing the Jersey and Holstein breeds, a University herd 
composite, and a composite from a nearby cooperative milk plant were col¬ 
lected at weekly intervals throughout 1939. They were tested by the 
method prescribed by Vermont Regulations (1936), read in quadruplicate 
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to the nearest 0.05 per cent, and the fat from 24 or 48 bottles siphoned off. 
The Mojonnier method was used as a standard of comparison. Samples of 
pure butterfat from the same sources were prepared by churning, melting, 
filtering, and drying at 135° C. under 20-25 inches of vacuum for 5 minutes. 

Specific gravity at 37.5°/37.5° C. was determined using 10 cc. pycnom¬ 
eters with thermometer stoppers and side capillary overflow tubes. Coeffi¬ 
cient of expansion in the ranges 30°-40° C., 40°-50° C., 50°-60° C., and 
30°-60° C. was measured in 10 cc. expansion tubes having necks containing 
0.5 cc. graduated in 0.01 cc. divisions. 

Specific gravity values at 37.5°/37.5° O. fell from 0.9150-0.9200 in the 
first 6 months to a minimum of 0.9110-0.9120 in October and increased to 
0.9130-0.9140 in November and December. Specific gravities of purified 
fat followed a similar trend but were uniformly lower (0.9090-0,9120). 

The coefficient of expansion of Babcock column fat averaged 75.58 x 1Q- C 
and that of pure fat averaged 78.34 x 10* 3 in the range 30°-60° C. for the 
period January to June 1939. This represents a theoretical potential de¬ 
crease of 0.0030 per cent fat per ° C. decrease in temperature for 4 per cent 
milk. 

The calculated error of reading at 135° F. due to deviation of specific 
gravity of fat from 0.9 varied from 0.015 to 0.050 per cent fat underreading 
in the first eight months but became negligible in the last four. 

A few determinations of specific gravity of fat from cream test columns 
showed consistently higher results than similar measurements on fat from 
milk tests, but again the same tendency to reach minimum values in October 
was exhibited. 

M50. Observations on the Distribution of Pseudomonas fragi. H. B. 
Morrison and B. W. Hammer, Kentucky and Iowa Agricultural 
Experiment Stations. 

The frequency with which Pseudomonas fragi causes defects in dairy 
products makes its distribution of importance. Previous investigations 
have shown that the organism is often present in raw milk and cream and 
other dairy products from Iowa and surrounding states. In this study it 
was isolated from 29 of 176 samples of milk delivered during the cool sea¬ 
sons to an Iowa plant. It was also demonstrated in 16 of 40 samples of 
milk delivered to a Kentucky milk plant in December but was not found in 
17 samples delivered to the same plant in June. It was isolated from 6 of 
104 swab cultures from churns and other equipment in 40 Iowa dairy plants 
and also from 3 of 30 creamery water supplies. 

Samples of soil, water, feed and bedding and swab cultures from milk¬ 
ing utensils, miscellaneous barn equipment, floors, ledges and the cows them¬ 
selves were investigated. Seventy-one of 137 such samples obtained on 
Iowa farms during the winter and spring yielded Ps. fragi and 37 of 99 
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samples obtained on Kentucky farms in the winter yielded it, but it was 
found in only 2 of 49 samples obtained on Kentucky farms in the summer. 
Studies on barnyard soil from many of the states indicate that Ps. fragi is 
widely distributed geographically. 

With Ps. fragi present in the soil, it would be found in materials and on 
equipment which come in contact with, or are contaminated by, the soil, and 
in this way it could gain entrance to the milk from water, feed, bedding, 
utensils, miscellaneous barn equipment, floors, ledges and the cows. 

M51. The Serological Integrity of Streptococcus lactis. J. M. Sherman, 
Karl L. Smiley and Charles P. Niven, Jr., Cornell University. 

The serological grouping method of Lancefield (J. Exp. Med., 57: 571, 
1933), which has proved of such great value in the differentiation of the 
hemolytic streptococci into more or less species-specific groups, has not been 
successfully applied to the non-hemolytic streptococci except in those groups 
which contain both hemolytic and non-hemolytic varieties, such as serological 
groups B and D. In Group B ( Streptococcus mastitidis and its varieties) 
non-hemolytic strains may be serologically identified quite as satisfactorily 
as those which are hemolytic. Likewise, in group I) (the enterococci) are 
found a number of closely related biological entities, the non-hemolytic 
i'Streptococcus feealis and varieties, and the hemolytic Streptococcus zymo - 
genes and varieties. 

On the other hand, those non-hemolytic species which are generally 
loosely designated as “viridans streptococci” {Streptococcus salivarius, 
Streptococcus bovis , Streptococcus equinus , etc.) have not as yet been shown 
to contain group- or species-specific antigens (though there are of course 
a number of serological types within these several species). 

It has long been claimed by many bacteriologists that Streptococcus tact is 
is an enterococcus, identical with Streptococcus feealis. In a number of 
publications from this laboratory it has been shown that Streptococcus lactis 
and Streptococcus feealis may be clearly differentiated on the basis of several 
physiological tests; we have also shown that Streptococcus lactis does not 
belong to the serological group I), which group includes Streptococcus feealis 
(Sherman, J. Bact., 35: 81, 1938). These physiological and serological re¬ 
sults have now been completely confirmed by other workers (Graham and 
Bartley, J. Hygiene, 39: 538, 1939). 

In further confirmation of the serological as well as physiological in¬ 
tegrity of Streptococcus lactis we have successfully produced species-specific 
grouping sera against this organism. Such sera give good precipitin reac¬ 
tions with the extracts of all strains of Streptococcus lactis which have been 
tested; but give no reactions with Streptococcus feealis or other enterococci, 
nor with representatives of the other serological groups (A to II inclusive), 
nor with viridans streptococci or other non-hemolytic species outside of the 
so-called “lactic group” of streptococci. 
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Streptococcus crcmoris, a biologically closely related variety, also appears 
to be serologically closely related to Streptococcus lactis. Whether or not 
these two “lactic” organisms belong to the same serological group is not 
clear on the basis of our limited data. Most strains of Streptococcus ere - 
moris react weakly with anti-1 actis group sera. Our fe-w attempts to pro¬ 
duce anti-cremoris group sera have failed. This finding of an apparently 
close serological relationship between Streptococcus lactis and Streptococcus 
cremoris appears to be in agreement wdth the preliminary announcement of 
work done at the National Institute for Research in Dairying, Reading, 
England (Annual Report for 1937, p. 37). 

PRODUCTION SECTION 

PI. Vitamin C for Sterile or Partially Sterile Sires. Paul II. Phillips 
and Henry A. Lardy, University of Wisconsin. 

A series of investigations has been made concerning the effect of the ad¬ 
ministration of ascorbic acid upon a herd sire. The results indicate to date 
that (1) the subcutaneous injection of ascorbic acid resulted in the restora¬ 
tion of the fertilizing capacity of certain impotent bulls; (2) potent bull 
semen normally contained from 1.5-3.5 mg. of ascorbic acid per 100 cc. of 
fresh semen, values below 1 mg. w T ere associated with impotency, or poor 
breeding; (3) high ascorbic acid values, 4.0 mg. or more, on the other hand 
w'ere associated with bulls with an unreliable breeding record ; and (4) the 
ascorbic acid content of fresh semen, freshly drawn blood and longevity of 
sperm in yolk-buffer provides a fairly accurate estimate of potency or im- 
poteney in the bull. 

It is apparent that ascorbic acid is intimately involved in the production 
of virile sperm. The exact nature of its role in this capacity is not known. 

P2. The Storage of Dairy Bull Spermatozoa.* H. A. Herman and Eric 
W. Swanson, Missouri Agricultural Experiment Station. 

This study is concerned with the storage and preservation of dairy bull 
semen to be used for artificial breeding. While various dilutors have been 
proposed and different storage temperatures have been suggested, there still 
remain many unexplained factors involving the storage of dairy bull semen 
so as to preserve its fertility. We have attempted to investigate still further 
the practicability of storing the undiluted semen, collected by means of the 
artificial vagina, at the usual electric refrigerator temperature of 40° to 
50° F. Whenever possible cows have been inseminated with the stored 
semen and these results correlated with the usual laboratory examinations 
of the fresh and preserved semen. Practically all studies conducted on bull 

# Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station Journal Series No. 631. 
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semen have indicated considerable differences in the characteristics of the 
semen produced at the different ejaculates as well as between individual 
bulls. 

Both diluted and undiluted semen have been used in these investigations. 
The length of time motility persists under various storage conditions has 
been carefully followed. It must be recognized, however, that motility alone 
is a poor index to fertility, and often samples evidencing strong motility are 
ineffective in settling cows with good breeding histories. 

Semen samples representing over 300 separate ejaculates collected from 
55 dairy bulls have been stored at 40-50° F. with motility ranging from 20 
to 80 per cent maintained after 200 hours. Samples vary widely in this 
respect. Some samples were very low in motility after six hours of storage. 
In general the diluted semen of high quality showed no marked increase in 
survival as compared to the undiluted. Samples which tended to lose 
motility rapidly were apparently benefitted by the use of dilators, particu¬ 
larly of the egg-yolk-buffer-type, as shown by higher motility and longer 
survival than undiluted samples of the same ejaculate. The glucose-buffer 
type of dilutors seemed to exert no beneficial influence. In many cases the 
undiluted samples showed greater motility after the same storage period. 
In the use of stored semen, 20 pregnancies were obtained from 35 insemina¬ 
tions using undiluted semen stored from 4 to 196 hours, with an average 
storage period of about 48 hours. Using diluted semen at the ratio of 1 
part semen to 3 parts dilutor, 13 cows have been settled by 24 inseminations. 

In general the second ejaculate, unless bulls were being used regularly, 
has withstood storage better than the first. Wide variations in the storage 
capacity of different ejaculates from the same bull, as well as from different 
bulls, have been observed. These results will be summarized in detail. 

P3. Some Observations on the Morphological Variations in the Sperma¬ 
tozoa of Dairy Bulls.* Eric W. Swanson and II. A. Herman, 
Missouri Agricultural Experiment Station. 

In efforts to evaluate the semen, and the reproductive abilities of dairy 
bulls a critical examination of 300 separate ejaculates of 55 bulls has been 
made. The breeding efficiency of many of these bulls is available and has 
been compared with their semen picture. Included in the examination were 
(1) initial motility, (2) daily motility of semen stored at 40° F. undiluted, 
(3) pH determination initially and after motility had been less than 50 per 
cent for three days or more, (4) observations on appearance and consistency 
of fresh semen, (5) concentration per cubic millimeter, volume of semen, and 
total number of spermatozoa per ejaculate. Examinations were made of the 
stained spermatozoa at 1075 x magnification for determination of morpho¬ 
logical abnormalities. Rose Bengal was used for staining purposes. Ail 
semen samples were obtained by use of the artificial vagina. 

* Paper No. 632 in the Missouri Agricultural Experiment Station Journal Series. 
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Wide variations have been observed in the semen collected from the 
various bulls and there was wide variation in the character of ejaculates 
obtained from the same bull. It is exceedingly difficult to evaluate the sire 
through examination of the semen unless several ejaculates collected at 
various intervals are available. 

The percentage of abnormal spermatozoa ranged from 2.1 to 74.8 per 
cent.. All of the bulls of known good breeding efficiency, with the exception 
of two for which the average was not considered representative of their 
normal picture, averaged well below 20 per cent abnormal spermatozoa. All 
of the bulls known to be of poor breeding efficiency produced more than 20 
per cent abnormal spermatozoa. Three sires which were practically sterile 
had more than 60 per cent abnormals, wdiile four known to be of low fertility 
ranged from 23 to 37 per cent abnormal spermatozoa. 

With the exception of semen containing very high percentages of ab¬ 
normal spermatozoa, 50 per cent or more, there seemed to be no definite 
correlation between the abnormality count and initial motility or length of 
survival with good motility. This observation held true for variations in 
semen from the same bull as well as for that from different bulls. 

Morphological variations of the normally ejaculated spermatozoa could 
not be correlated in any significant manner with concentration, volume, vis¬ 
cosity, or pH of the semen. In cases w r liere it was difficult, to obtain the 
ejaculate, however, an abnormally high pH (7.0 to 7.8) and a high per¬ 
centage of abnormal spermatozoa of low motility w'as observed. 

Semen from three bulls, examined after a prolonged sexual rest (2 months 
or more), showed a higher percentage of abnormal spermatozoa than w r as 
characteristic for the same sires in regular service. Only after 4 to 6 col¬ 
lections, obtained at 1 to 2 day intervals, did the morphological picture 
become normal. The increase in abnormalities w T as largely due to an in¬ 
crease in pyriform heads. 

The most common types of abnormal spermatozoa found were tailless, 
coiled tails of varying degree, and pyriform heads—spermatozoa with taper¬ 
ing or constriction at the posterior portion of the head. 

P4. Fecundity and Certain Other Characteristics of Fresh and Stored 
Bovine Semen* H. P. Davis, G. W. Trimberoer and Gravers K. 
L. Underbjerg, University of Nebraska. 

During the past four years artificial insemination has been practiced 
successfully in the University of Nebraska dairy herd. Previously one of 
us reported that the average number of natural services required per con¬ 
ception was 2.21. This average number was obtained from a study of 1375 
conceptions. When the above study was completed about 20 per cent of the 
cows suffered from trichomoniasis. 

* This study supported by grant in aid by the American Dairy Cattle Club. 



ABSTRACTS OP PAPERS PRESENTED AT ANNUAL MEETING 


533 


The immediate objectives of the use of artificial insemination were to 
determine whether this method would increase the breeding efficiency over 
natural service and whether it would serve as a means of control of tricho¬ 
moniasis. Other objectives were to conduct studies that would increase 
the information on certain phases of reproduction and to determine certain 
characteristics of semen. 

The semen samples were obtained by massage per rectum of the genital* 
organs or by use of an artificial vagina. In 400 attempts by the massage 
method 378 semen samples with very active motile spermatozoa were ob¬ 
tained. The average volume was 5.7 cc. and the concentration was 429,000 
per mm. 3 The pH value of the semen was usually above 7.00. A total of 
107 conceptions resulted from 181 inseminations. The fecundity of the 
semen obtained by the artificial vagina was likewise studied. A total of 122 
conceptions were obtained from 188 inseminations. The above groups in¬ 
clude 56 cows which previously had been bred naturally to bulls which were 
infected with trichomoniasis. 

The study of the characteristics of fresh and stored semen and its evalua¬ 
tion in relation to its fecundity revealed certain facts. The characteristics 
studied included volume, motility, concentration, pH values, morphology 
of spermatozoa, and fecundity of the semen. A detailed semen analysis by 
ejaculates of 11 fertile bulls free from disease representing four dairy breeds 
whose breeding efficiency was supported with pregnancies was included in 
this study. The mean volume was 4.2 cc.; the motility 74 per cent ; the 
concentration 734,000 spermatozoa per mm. 1 ; and the pn value 6.99. For 
the determination of the relationship between the four factors, the volume, 
motility, concentration, and the pH value, each of the factors was correlated 
with each of the other three factors. When the pH was correlated with 
the volume and the motility there was a highly significant minus corre¬ 
lation, while when correlated with the concentration there was a highly 
significant plus correlation. Other correlations were only slightly signifi¬ 
cant. The percentage of atypical spermatozoa in the semen from the 11 
fertile bulls was found to be relatively constant, approximately 18 per cent 
or less. It was established that there was very little difference between the 
fecundity of the fresh semen samples of the successive ejaculates. Only 
the first and second ejaculates were studied. There were 45 conceptions 
from the semen of the first ejaculate requiring 60 inseminations; 28 from 
the second requiring 35. Inseminations from undiluted semen samples 
stored from 24 to 99 hours at 35° and 40° F. resulted in seven conceptions 
from 13 inseminations; samples stored at 50° F. resulted in four conceptions 
from 15 inseminations. 

P5. Outlines and Subject Matter in Teaching Dairy Husbandry Courses. 

B. N. Hansen, Iowa State College. 

A type of outline has been prepared as a helpful guide in teaching such 



534 


JOURNAL OF DAIRY SCIENCE 


lecture-laboratory subjects as the selection and judging of dairy cattle. The 
headings for this outline, one of which is prepared for each course in a 
sequence, are: 

Meeting Num- Laboratory Animals to be Beading As* Written As¬ 
her ture ana ms- Materia! used. signment signment 

cussion 

The outlines are arranged to cover all meetings of each course. The 
first is for a freshman course in < * Dairy Cattle Problems /* In addition to 
laboratory work in judging, the following lecture and discussion topics are 
covered: Information on dairying in the state and nation; dairy cattle on 
general and specialized farms; desired dairy conformation; general score- 
card for dairy cattle; methods of giving oral and written reasons; selection 
of dairy cows and herd sires; the use of grades, high grades and purebred 
cattle; methods and results of Dairy Herd Improvement Associations; a 
long-time production program and factors influencing the quantity and 
quality of milk. 

Another outline covers a sophomore and junior course, “Breeds of Dairy 
Cattle .’ 1 The lectures and discussion center upon the following topics: 
Type defects and their evaluation in judging; breed score-cards; the show¬ 
ring classification; origin and development of the dairy breeds; character¬ 
istics of the major and minor breeds of dairy cattle; families, noted animals, 
herds and breeders; factors in the selection of a breed; and pedigree study. 
Considerable use is made of mimeographed material. 

In the laboratory, judging work with frequent oral reasons, on rings 
of four, six, and occasionally more animals, is given. Assignments are made 
in the compiling of complete pedigrees and the construction of charts show¬ 
ing the influence of noted animals within each breed. Field trips are made 
to five or six leading dairy farms for observation of methods of manage¬ 
ment and for practice judging. 

P6. An Assay Method for Thyrolactin.* W. W. Heathman and C. W. 

Turner, Missouri Agricultural Experiment Station. 

Thyrolactin, a combination of protein and iodine, has been observed to 
contain considerable physiological activity comparable to that produced by 
thyroxine. Since some iodinated proteins may show more activity than 
others, there was need for a simple method of assay of the various com¬ 
pounds produced. It is well known that the administration of thyroxine 
in excess, due to the high metabolic rate induced, will cause a reduction if 
not an actual cessation of growth in animals. For our study we have se¬ 
lected day old White Leghorn cockerels because of their availability through¬ 
out the year, cheapness, and normal rapid growth rate. 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series No. 623. 
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The chicks are all fed a standard diet ad libitum. The experimental 
groups receive, in addition, varying amounts of thyrolactin and the body 
weight determined every other day for a period of about two weeks. 

To compare with the results so obtained, other groups are fed equivalent 
amounts of iodine in the form of Kl. As a standard, thyroxine is fed as well 
as desiccated thyroid tissue. 

P7. Thyrolactin, A New Source of Thyroxine for Dairy Cattle,* C. W. 

Turner, Missouri Agricultural Experiment Station. 

The feeding of desiccated thyroid tissue or the injection of thyroxine has 
been shown in a series of experiments to cause a rapid rise in the rate of 
milk secretion, including the percentage content of fat and solids-not-fat. 
Tliis observation has been of great scientific interest because it has indicated 
a role of another hormone in regulating the level of milk secretion of dairy 
cattle. The practical value of this discovery has been nullified very largely 
by the exorbitant cost of thyroxine and of desiccated thyroid tissue. It 
now appears possible that this handicap to the practical application of this 
discovery may soon be removed and that surplus skimmilk may become the 
agent by which cows can he injected to produce more milk. 

For many years it has been known that when iodine is mixed with protein 
under certain conditions, it becomes chemically united with the protein and 
free iodine is no longer present. During the past year or two the evidence 
has become increasingly convincing that protein so treated contains physio¬ 
logical activity comparable to that produced by thyroxine. In fact a paper 
has appeared in which the claim was made that crystalline thyroxine could 
be extracted from a preparation of iodinated casein. 

Because of our knowledge of the value of thyroxine in stimulating milk 
secretion and the great practical value of a cheap source of this material, 
we have begun a study to determine what iodinated proteins will supply 
the cheapest source of thyroxine activity and whether the cost would be 
such as to make practical its general use by dairymen. Our preliminary 
studies indicate that the feeding of small amounts will cause an increase in 
the heart rate of thyroideetomized and normal goats. It has also increased 
the milk production of goats. Work with cattle is now in progress. 

We have found that fresh skimmilk can be used as the protein. To it 
is added finely powdered iodine with constant stirring. The casein is then 
precipitated by adjustment of the pH to its isoelectric point. The iodinated 
casein is dried and ground ready to be added to the ration. 

To this product, the name thyrolactin has been given. The possible 
advantages of this preparation are listed below: 

1. A cheap source of thyroxine activity. 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series No. t»25. 
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2. A product of uniform potency when prepared under standard con¬ 
ditions. 

3. A material which can be fed as part of the ration. 

4. An adequate supply of iodine in its most useful form. 

It should be appreciated that this work is in a preliminary state and 
the only reason for presenting the material at this time is to encourage others 
to try out our preparations or prepare the material according to our pro¬ 
cedure. It will thus be possible to determine in a short time whether its 
laboratory promise will stand the test of practical application. 

P8. The Effect of Thyroxine Injections on the Physiological Processes of 
Dairy Cattle. Victor Hurst, H. P. Reece and J. W. Bartlett, 
New Jersey Agricultural Experiment Station. 

Over a three year period, including all seasons of the year, a series of 
11 cows were injected with thyroxine in order to investigate further the 
thyroid-mammary relationship. Animals in the declining phase of lactation 
were infected for periods ranging from 5 to 147 days with doses varying 
from 5 to 25 mg. Synthetic crystalline and the sodium salt, put into solu¬ 
tion by different methods, were injected subcutaneously in the shoulder 
region. Measurements included milk, fat, solids-not-fat, and total solids 
production, milk color, pulse rates, body weights and rectal temperatures. 
Results in production varied from negligible increases to rises of 38 per 
cent in milk production and 59 per cent in fat production. Seasonal varia¬ 
tion was found to affect the thyroid-mammary relationship. 

P9. The Ejection of Milk from the Mammary Gland. Fordyce Ely and 
W. E. Petersen, Kentucky and Minnesota Agricultural Experi¬ 
ment Station vs. 

Eight Jersey cows in the Kentucky Agricultural Experiment Station 
herd were subjected to a series of experiments to determine the factors 
involved in the ejection of milk and to what extent the nervous mechanism 
controls the rate of ejection of milk from the gland. The left half of the 
udders of three Jersey cows were sympathectomized by removing a two-inch 
portion of the ilio-inguinal and posterior inguinal nerves as they enter the 
gland in one trunk at a point immediately below the inguinal ring. These 
nerves are believed to furnish the only efferent stimuli to the gland tissue, 
although afferent stimuli are carried from the gland through the ilio¬ 
hypogastric nerve. 

These three cows and five other cows were subjected to 300 experimental 
machine milkings to measure the effect of the denervation, fright, intra- 
jugular injection of adrenalin, and similar injections of posterior lobe 
fractions on the rate of ejection. The following conclusions seem to be 
justified. 
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1* The statement of Dr. Gaines, twenty-five years ago, that the processes 
of secretion and ejection are separate and distinct, is confirmed. 

2. The motor or efferent nerve supply to the secreting tissues serves no 
direct function in the ejection of milk. 

3. Fright causes the prompt cessation of ejection. 

4. Intra-jugular injections of adrenalin at the beginning of the milking 
act causes a similar cessation within thirty seconds. The larger the injection 
of adrenalin the more time was required before the positive act of ejection 
was resumed. 

5. The intra-jugular injection of posterior lobe fractions (pitoein and 
pitressin) caused a prompt resumption of ejection within thirty seconds. 

6. Some evidence is offered which indicates that naturally-produced 
pitoein acting upon alveoli and ductule musculature, causing it to contract, 
is the primary cause of ejection. 

7. The theory is advanced that the positive act of ejection of milk is 
caused by the natural occurrence in the blood of one or more products of 
the posterior lobe and that the failure to Jet down milk is similarly caused 
by an increase in the blood of naturally-produced adrenalin, which probably 
has the opposite effect in causing the alveoli and ductule musculature to 
relax. It is believed that the presence of these products in the blood is 
brought about by afferent stimuli which reach the central nervous system 
from a variety of sources. 

P10. Effect of Post-Hypophyseal Extract on Lactation in Hypophysec- 
tomized Post-Gravid Rats. Elikeo T. Gomez, Bureau of Dairy 
Industry, IT. 8. Department of Agriculture. 

It was previously reported from this laboratory (J. Dairy So., 22: 428) 
that, in addition to anterior pituitary extract plus adrenal cortical extract 
and glucose, the administration of post-hypophyseal extract (pituitrin) was 
necessary for the sustenance of young of hypophysectomized post-gravid 
rats. Since this report was made, additional observations have been accu¬ 
mulated which in general confirm our previous observations. 

Injections of 2 to 5 units of pituitrin administered in two equal portions 
7 to 8 hours apart, in addition to the anterior lobe and adrenal cortical 
extracts and glucose, permitted the young to get milk from the mammary 
glands and as a result of continued treatments young were reared to wean¬ 
ing age (25 (lays of age). The dosage and frequency of administration of 
pituitrin seemed to be factors in this phenomenon. When 10 units of 
pituitrin was administered in two equal portions daily, lactation seemed to 
be inhibited. On the other hand, while 2.5 units administered in the same 
manner permit the young to get milk, the same dosage (2.5 units) given in a 
single injection did not. 



538 


JOURNAL OF DAIRY SCIENCE 


The necessity of pituitrin in the secretion and/or excretion (lactation) 
of milk was further indicated by the fact that withdrawal of pituitrin from 
the daily regime at any time during the course of the experiment was imme¬ 
diately followed by a rapid loss of body weight of young, terminating in 
death unless pituitrin injections were promptly resumed. 

The average body weights of young rats reared by hypophyseetomized 
mothers treated as above, were very much less than those reared by control 
animals, the latter including (3) lactating rats subjected to sham hypoph- 
ysectomy, (2) normal lactating rats and (3) normal lactating rats main¬ 
tained on limited daily food intake equivalent to that of the hypophyseeto¬ 
mized lactating mother rats. The average daily food intake of hypoph- 
ysectomized lactating rats was approximately 50 to 60 per cent below 
that of normals. The daily body weight of hyphophysectomized animals, 
however, was only slightly if at all reduced. 

Pll. The Fat Metabolism of the Mammary Gland of the Cow. J. C. 

Sitaw and W. E. Petersen, University of Minnesota. 

In a continuation of the studies of blood fat arteriovenous differences 
on lactating cows it was found that very little blood fat is taken up by the 
gland immediately after milking. With the increase of the time interval 
following milking, blood fat is used in increasing quantities until about four 
hours after milking, after which time the fat is used in more constant 
amounts. Calcium presents a similar picture. The use of glucose and 
amino acids are not so affected. When one half of the udder was milked 
out and arteriovenous samples were taken from both sides simultaneously it 
was found that the unmilked side 'continued to use considerable blood fat, 
whereas the milked side used little or none. Blood calcium and acid soluble 
phosphorus were affected in the same direction but were less predictable, 
especially when the animal exhibited any evidence of disturbance. Blood 
glucose and amino acids continued to be used in normal amounts on both 
sides. 

The above phenomena were duplicated by the intravenous injection of 
oxytocin. Large doses of oxytocin prevented the passage of fat into the 
gland even when the gland was distended with milk. The data indicate 
that the inhibiting effect of milking upon the use of fat by the gland is due 
to oxytocin or an oxytocic like principle. The normal passage of blood fat 
into the secretory cells of the lactating gland and to a lesser extent of calcium 
and phosphorus is associated with the distention of the alveoli and the secre¬ 
tory cells with milk. 

When blood volume changes in the mammary gland were not encountered 
during the drawing of the blood samples the respiratory quotient was usually 
in excess of unity. Calculations of the comparative calcium and fat losses 
to the gland continue to show that the quantity of blood fat used by the 
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gland is sufficient to account for the milk fat and indicate that very little 
fat is derived from other sources. In fifty-one experiments in which no 
blood volume changes occurred in the gland the average fat arteriovenous 
difference was 9.0 milligram per cent. This difference was confined to either 
neutral fat and/or cholesterol fractions. 

P12. Some Factors Influencing the Completeness of Milking. Kenneth ‘ 
Miller and W. E. Petersen, University of Minnesota. 

The effects of the following factors upon the completeness of milking 
were studied: 

1. Lengthening the interval between milking and stripping. 

2. Manipulating the udder some time before milking. 

3. Lengthening the time involved in milking. 

In a study of the effect of the interval between milking and stripping, 
comparison was made of the milk and fat production of cows stripped imme¬ 
diately after removal of the milking machine and when an interval of 15 
minutes was allowed. 

The mammary gland was stimulated to “let down” milk by washing the 
gland 20 minutes before, stripping 15 minutes before, and handling with 
bare hands 10 minutes before milking. While there was a variation in the 
response by individual cows, fat production was decreased more than milk 
production during periods of manipulation. Twelve out of 19 cows de¬ 
creased fat production significantly; 5 declined over 10 per cent and 4 more 
than 20 per cent. In milk production, 14 out of the 19 declined ; 7 more than 
5 per cent, 4 more than 10 per cent, and 2 more than 20 per cent. The varia¬ 
tion in both milk and fat production from milking to milking was much 
greater when the glands were manipulated some time before milking. 

To study the effect of the length of time involved in milking in 13 trials, 
each quarter was milked out separately, requiring about 25 minutes for 
the milking process. After the last quarter was milked, the milk remaining 
in the gland was removed following the injection of petocin. The amount 
secured before and after pitoein injection formed a basis for calculating 
the completeness of milking of each quarter. Results allowed a decrease 
in the per cent of the total milk in the quarter in the order of milking. The 
last quarter milked produced only 75.5 per cent of the milk and 57.9 per 
cent of the fat produced by the quarter milked first. 

P13. The Effect of Dinitrophenol Administration on Milk and Milk Fat. 

G. C. Graf, L. M. Ludwick and W. E. Petersen, University of 
Minnesota. 

Dinitrophenol was administered subcutaneously and orally in toxic and 
non-toxic doses to cows. The toxic doses were continued over a period of 
two days. The non-toxic doses injected subcutaneously were carried over 
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a period of five days, and oral administration covered a period of twenty- 
five days. The non-toxic (Joses were limited to amounts that would not 
affect the heart or respiration rates. 

With the subcutaneous administration of toxic doses of dinitrophenol, 
the respiration rate was increased 41 per cent and the pulse rate 55 per cent. 
A marked decrease in both amounts of milk and butterfat with a marked 
increase in butterfat percentage resulted. The butterfat composition was 
altered. The saponification number dropped from 232.2 to 220.2, the iodine 
number increased from 34.7 to 37.7, and the Reiehert-Meisl number in¬ 
creased from 24.4 to 27.4. The milk became yellow from dinitrophenol. 
Lactose decreased 38.1 per cent; C0 2 increased more than 400 per cent; 
total nitrogen was unaffected, but casein nitrogen decreased with a corre¬ 
sponding increase in non-protein nitrogen. The increase in C0 2 was due 
to sodium bicarbonate. 

In non-toxic doses dinitrophenol did not affect the amount of milk, but 
the total amount and per cent of fat was significantly increased. The com¬ 
position of the fat was but slightly altered in the direction that was noted 
when toxic doses were administered. Other constituents of the milk 
remained unaltered. 

P14. The pH of the Bovine Mammary Gland. Philip L. Kelly, Arkan¬ 
sas Agricultural Experiment Station. 

Studies are in progress in which thirteen bovine mammary glands have 
been analyzed for pH. Tissues of six have been studied by means of colori¬ 
metric indicators while the remaining seven were studied by means of a 
potentiometer as well as indicators'in some instances. 

Studies with colorimetric indicators indicated that the various types of 
cells present may normally contain a different pH with the connective tissue 
cells at about 7.0 and the secretory cells ranging from approximately 5.0 to 
7.0. Studies with the potentiometer on slices of tissue indicated a pH range 
from 5.78 to 6.89 for tissue taken from alveolar portions of the gland. The 
secretory tissues with readings closer to neutrality were non-lactating 
glands. 

P15. The Hormone Control of Mammary Duct Growth.* A. A. Lewis, 

Missouri Agricultural Experiment Station. 

As a result of work in this laboratory the theory was advanced in 1938 
that a previously unrecognized pituitary factor, called mammogen, was the 
direct agent of mammary growth stimulation. From earlier observations it 
appeared probable that two fractions were present in the mammogen com¬ 
plex. The duct growth factor (mammogen-I) was believed to be stimulated 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series No. 622. 
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by estrogen alone. The lobule-alveolar growth factor (mammogen-II) was 
thought to be .stimulated by progestin and estrogen during pregnancy. 

A study was made of 545 cattle pituitaries to determine the mammogen-I 
content during growth, pregnancy and lactation. The highest content of 
this hormone was found in young growing heifers during the first estrous 
cycles when the mammary duct system is actively developing. The content 
of mammogen-I found in the pituitaries of pregnant cows was well corre-' 
lated with mammary gland development during that period reaching a peak 
at about mid-pregnancy when the growth of the mammary elements is prob¬ 
ably most rapid. That laetating cows had more mammogen-I than did dry 
cows may indicate that the hormone is required to aid in maintaining the 
functioning gland. The theory that the content of mammogen I in the 
pituitary is correlated with the estrous cycle was further substantiated in 
that cows with corpora lutea in the ovaries had considerably more hormone 
than cows with follicles alone. Furthermore, male rabbits given estrogen 
had twice the pituitary content of mammogen-I as did normally pregnant 
does. 

It is generally recognized that dairy cows have larger udders and mam¬ 
mary glands than beef cows such as Angus and Hereford. That these dif¬ 
ferences in size and development are due to genetic factors has long been 
appreciated but the physiological mechanism by which these inhered 
differences are expressed has been unknown. This study has shown for the 
first time that dairy cows exceed beef cows in the rate of secretion of the 
mamrnogenic duct growth factor by the pituitary. 

Extracts of anterior pituitary containing mammogen-I were shown to 
develop complete mammary duct systems in male and spayed female mice, 
rabbits and rats. A large series of hypophysectomized female rats given 
mammogen-I responded with active proliferation of mammary ducts. Cas¬ 
trate male guinea pigs, which respond to estrogen administration with com¬ 
plete mammary development, showed only duct growth response to mam¬ 
mogen-I extract. Evidently estrogen in this species causes secretion of both 
mamrnogenic factors in the pituitary resulting in both duct and lobule- 
alveolar development whereas direct administration of mammogen-I causes 
only duct development. 

The assay technique for mammary duct growth using the male mouse is 
as applicable to synthetic mammary growth chemicals as to pituitary tissue 
and extracts. Assay of several of these pure chemicals showed that estra¬ 
diol benzoate and stilbestrol were 100 to 240 times as active per unit weight 
as estrone. Estriol, and and triphenyl ethylene were about equal in potency 
at 1/30 to 1/36 the activity of estrone. All previous comparisons between 
estrogenic chemicals have been on the basis of genital response; vaginal, 
ovarian or uterine. Such assays were found not to give a reliable estimate 
of mammary growth potency. 
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P16* The Mammogenic Lobule-Alveolar Factor of the Anterior Pitui- 

tar y.* John P. Mixner, Missouri Agricultural Experiment 
Station. 

Recent studies conducted in these laboratories on the physiology of 
mammary gland growth have made it necessary to postulate the presence of 
a second mammogenic hormone which is secreted by the anterior pituitary 
(AP) and which is directly responsible for the growth of the lobule-alveolar 
(milk secreting) system of the mammary gland. 

White virgin female mice weighing between 10 and 20 grains were used 
as experimental animals in this study. Such animals have a well developed 
duct system of the mammary gland, but the lobule-aveolar system which de¬ 
velops only under the influence of pregnancy or pseudo-pregnancy is absent. 
These animals are ovarieetomized and an abdominal mammary gland is 
taken at the same time as a check on the state of development present in the 
glands. 

Injections of fresh pituitary material obtained from pregnant cattle 
into these mice caused the proliferation of the lobule-alveolar system of 
their mammary glands to the condition comparable to four to eight days of 
pseudo-pregnancy or pregnancy. Such pituitary material has considerable 
mammogenic duct growth potency as assayed on male mice by the method 
developed in this laboratory. 

An extract of cattle pituitaries has been prepared by extracting the ma¬ 
terial with warm alcohol and ether. The alcohol and ether is evaporated 
and a lipid-like material is left. Twenty-five hundredths of a milligram of 
this material will cause definite duct stimulation in the male mouse which 
normally has only mammary gland rudiments. This same extract when 
injected into ovarieetomized virgin female mice in amounts ranging from 
0.25 mg. to 40 mg. and for injection periods varying from six days to thirty 
days failed to cause lobule-alveolar stimulation. 

A protein-like fraction of the pituitary gland secured by acetone, drying 
the fresh pituitary caused lobule-alveolar development in these castrate 
female mice in amounts comparable on a dry basis to the amount of fresh 
pituitary material required to secure similar development. 

It appears then that there are two mammogenic factors of the AP which 
control mammary gland growth and that a chemical separation of these 
factors has been effected by the methods of extraction and fractionization 
used. 

As a result of the various experiments it was decided that the female 
mouse was a suitable assay animal. A mammogenic lobule-alveolar mouse 
unit is tentatively defined as the amount of material required per mouse, 
injected over a period of six days, to secure definite lobule-aveolar develop- 

* Contribution from the Dept, of Dairy Husbandry, Missouri Agricultural Experi¬ 
ment Station, Journal Series No. 624. 
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ment in 50 ±: 10 per cent of 10 or more castrate, nulliparous, female mice 
weighing between 15 and 20 grams. 

Preliminary assays on lots of pregnant and non-pregnant cattle pitui- 
taries have been determined. One hundred and twenty-five milligrams of 
pregnant cattle pituitary has given a mouse unit, while six hundred milli¬ 
grams of non-pregant pituitary failed to give a response. This agrees well 
with results predicted on the basis of the physiology involved. 

P17. The Effect of Nembutal Anesthesia on the Rate of Milk Secretion, 
the Resipratory Quotient, and Uptake of Milk Precursors by the 
Lactating Mammary Gland.* E. P. Reineke, Missouri Agri¬ 
cultural Experiment Station. 

The recent reports of Petersen and Shaw seriously question the validity 
of results obtained in milk secretion studies by comparison of arterial and 
mammary venous blood samples drawn from normal intact animals, and 
recommend as a more exact procedure the use of mammary gland perfusions. 
While this technique appears very attractive from the standpoint of elimi¬ 
nating some of the variables encountered in an intact animal, it is open to 
the objection that the storage depots of the body are eliminated from the 
system, and therefore, the blood can hardly be considered as representative 
of normal arterial blood after it has traversed the mammary gland one or 
more times. Furthermore, it is not known whether the endocrine factors 
that are undoubtedly concerned in lactation will function in such a system. 
It. would appear that until more information is obtained on this question the 
respiratory quotient of a perfused udder is of doubtful significance so far 
as normal lactation is concerned. 

A simple method of eliminating excitement or other psychic factors that 
might tend to upset the normal level of blood constituents during sampling 
of the intact animal is to completely anesthetize the animal with nembutal. 
Contrary to what might be expected, totally anesthetized goats continue to 
secrete milk of normal composition, at an undiminished rate. Uptake by the 
mammary gland of the known precursors of milk proceeds at the usual rate, 
and the respiratory quotient is quite constant. 

In a series of arterial and venous samples drawn simultaneously from 
lactating goats under nembutal anesthesia the average respiratory quotient 
was 1.09, mean deviation 0.0596. Samples drawn after both the artery and 
vein had been anesthetized locally with apothesine yielded a mean respira¬ 
tory quotient of 1.15, mean deviation 0.152. 

Normally lactating goats, sampled without anesthesia gave a mean respi¬ 
ratory quotient for the mammary gland of 1.17, mean deviation 0.1895. 

* Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series, No. 621. 
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While the average respiratory quotients as determined by the three pro¬ 
cedures were nearly identical, the technique of sampling under nembutal 
anesthesia eliminates much of the variability encountered with other pro¬ 
cedures. These results are in agreement with previous reports from this 
laboratory that the respiratory quotient of the mammary gland of the lac- 
tating goat is above unity, indicating synthesis of a portion of the milk fat 
from carbohydrate. Comparisons of the ratio of the uptake of glucose plus 
lactic acid to fat with the ratio of lactose to fat in the milk show that under 
the conditions of these experiments the fat taken up from the blood is insuffi¬ 
cient to account for the milk fat. 

Analyses of the carbohydrate portion of the plasma proteins indicate that 
carbohydrate is taken up by the lactating mammary gland in significant 
amounts as a portion of a glycoprotein complex, while arterial and venous 
samples drawn from dry goats show no significant uptake of this complex. 
This * 1 glycoprotein sugar” if metabolized in the mammary gland could serve 
as an additional source of carbohydrate either for lactose formation or the 
synthesis of milk fat. 

P18. A Modification of the Allen Blood Fat Procedure. J. C. Shaw, 
University of Connecticut. 

To increase the accuracy of the method the fat tube is completely im¬ 
mersed in water in a constant temperature bath and the reading of the fat 
column is made through a glass window. The reading is made by means of 
a reading microscope mounted on a cathetometer with a vernier scale gradu¬ 
ated to O.l millimeter. This apparatus is also used in the calibration of the 
capillary tube. A longer and more slender fat tube with a straight filling 
neck facilitates the addition and mixing of the reagents. The digestion is 
carried out at 87.5° C. in a constant temperature water bath and the tubes 
are centrifuged in a heated centrifuge. 

P19. A Study of Some Methods for the Prediction of Butterfat Per¬ 
centage in Herds of Ayrshire Cattle. G. A. Bowling and D. N. 
Putnam, West Virginia Agricultural Experiment Station. 

This study was undertaken in an effort to determine the transmitting 
ability of bulls for butterfat tests by an analysis of their pedigrees. 

The study included sixty-six Ayrshire sires with five or more tested 
daughters out of tested dams. A daughter-dam comparison was made for 
each sire, using only first calf herd tested lactation records not exceeding 305 
days in length. No conversion factors either for age or frequency of milk¬ 
ing were used. 

A three generation pedigree was tabulated for each sire studied, listing 
the tests of each of the three nearest dams (if tested) and the average tests 
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of all of the tested progeny of each of the three sires and the three dams in 
the pedigree. 

The following plans were used to determine the “Transmitting Ability” 
of a sire. 

Plan A: Average the tests of the daughters of the sire; the tests of the 
daughters of the dam, and average the results. 

Plan B: Average the tests of the daughters of each of the three nearest 
sires; the tests of the daughters of each of the three nearest 
dams, and average the results. 

Plau C: Average the tests of the daughters of each of the three nearest 
sires; the tests of each of the three nearest dams, and aver¬ 
age the results. 

Plan I): Average the tests of the daughters of each of the three nearest 
sires, and average the results. The females of the pedigree 
are not considered. 

Plan E: Average the test of the three nearest dams. The males of the 
pedigree are not considered. 

Plan F: Average the average tests of the daughters of the sire with the 
test of the dam. 

Plau G: Average the tests of the daughters of the sire; the tests of the 
daughters of the maternal grandsire, and average the results. 

In each case the “Predicted Average Test” of the daughters of a bull is 
found by averaging the “Transmitting Ability M with the average test of the 
cows to which the bull is to be mated. 

The results of the study seem to warrant the following conclusions: 

1. Although there is no significant difference in the results obtained by 
the use of any of the plans, excepting Plan E, the plans A, F, B, D, C, G, E 
have the following respective correlation coefficients: .6621, .5748, .5554, 
.5509, .5423, .5253, and .4435. 

2. The plan involving the average tests of the three nearest dams in a 
pedigree is the least accurate of the plans studied in measuring the trans¬ 
mitting ability of a bull. 

3. When predicting the transmitting ability of a bull it is most desirable 
to use the tests of the progeny of the animals involved. 

The authors wish to acknowledge the cooperation of the Ayrshire Breed¬ 
ers * Association in supplying the data for this study. 

P20. The Use of Cellular Antigens in the Blood of Cattle for Determin¬ 
ing Parentage. L. C. Ferguson and M. R. Irwin, University of 
Wisconsin. 

Numerous antigenic substances have been identified in the red blood cells 
of cattle by means of antisera prepared by immunizing cows against the 
blood of other cows. The results of a genetic analysis of each of the nine- 
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teen antigens studied indicate that the cells of an animal contain a particu¬ 
lar antigen only if one or both parents likewise possess it. Furthermore, 
each of the cellular antigens seems to behave as a unit in inheritance, i.e., 
each is presumably controlled by a single gene. Nineteen of these substances 
have been identified and designated as A, B, C, etc. From the genetic evi¬ 
dence available for nine of these, each seemingly represents one member of 
each of nine pairs of contrasting characters (or of multiple allelic series). 
‘Whether the contrasting character or characters of any one or all of these 
are recessive in nature or are completely expressed in the heterozygote is 
unknown at present. Although no evidence exists for the interaction of 
genes in producing these cellular substances, the possibility cannot be ruled 
out. 

On the basic assumption that these antigenic substances are gene-deter¬ 
mined, they may be used for the exclusion of parentage. For example, the 
cells of an animal do not contain antigen “A” if neither parent carries it, 
so if “ A” is present in the blood of an alleged offspring from such a mating, 
there is evidence of confusion in the records. 

In the practical application of this method to “field’* cases, a blood sam¬ 
ple is required from all of the animals involved, i.e,, sire, dam, and offspring. 
By means of exclusion it is possible, in most cases, to determine the parentage 
of animals, (1) when two or more calves are mixed before being properly 
identified with their respective dams; (2) when the sire of a calf is unknown 
because the dam was served by two or more bulls; and (3) when the validity 
of the registration of a particular animal is questioned. 

P21. Effects of Inbreeding in Dairy Cattle (Progress Report). G. E. 

Dickerson, Wisconsin Agricultural Experiment Station. 

In order to determine the possibilities which lie in the development and 
utilization of distinct superior lines of dairy cattle, relatively uniform in 
transmitting ability, we need to know: (1) what the average effect of in- 
breeding is on growth, conformation, reproduction, and production, (2) how 
much variability there is between different sires or foundation stocks in 
ability to withstand inbreeding, and (3) what the effects of heterozygosis are 
in crosses between lines and what influence the level of homozygosity of the 
lines crossed has on these heterosis effects. This information is particularly 
necessary for animals whose average transmitting ability is distinctly su¬ 
perior in outbred matings, and, once, obtained, w T ould permit a more depend¬ 
able evaluation of the breeding methods available for dairy cattle improve¬ 
ment than is now possible. 

Data on growth, conformation, reproduction and production have been 
systematically obtained over a three-year period from three large Holstein 
herds in which comparisons between inbred and outbred progeny by the 
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same sire are available. The amount of inbreeding varies from sire-daughter 
matings with some sires to half or three-quarter sister matings with others. 
Enough data are now available on birth weight (71 inbred and 100 outbred 
calves*) and measurements at 6 months of age (58 inbred and 73 outbred 
calves*) to make a preliminary analysis of the effects of inbreeding among 
the progeny of eight; sires. 

Calves averaging sixteen per cent inbred (equivalent to about three gen¬ 
erations of half-brother sister mating, or two-thirds as much as one genera¬ 
tion of sire-daughter mating) averaged nearly ten per cent lighter at birth 
than non-inbred calves by the same sires, after correction for weight differ¬ 
ences due to sex and age of dam. This decline in birth weight held for both 
sexes and for six of the eight sires. Differences in the inherent size of the 
dams of the inbred and the outbred calves may explain the heavier inbred 
calves for two sires. These results show that birth weight is determined to 
an important degree by the calf’s own size inheritance, since the dams of tlie 
inbred calves were not inbred animals themselves. Tentatively, it appears 
that the size difference in favor of the outbreds becomes proportionately 
smaller rather than larger with growth up to 6 months of age. 

P22. Results of Twenty Years Work on Proving Bulls at the Huntley, 
Montana, Field Station. R. R. Graves, J. R. Dawson and D. V. 
Kopland, Bureau of Dairy Industry, IT. S. Department of Agri¬ 
culture. 

About twenty years ago a dairy cattle breeding experiment was started 
at the Huntley, Montana, Field Station of the Bureau to determine if high 
levels of production could be fixed and maintained in a dairy herd by the 
continuous use, for successive generations, of sires that had proved their 
ability to transmit the factors for high levels of milk and butterfat produc¬ 
tion. At the present time the 7th successive proved sire is in use. The 
daughters of these proved sires have been tested for production under uni¬ 
form conditions, and the sons have been loaned to dairymen in the vicinity 
of the Huntley Station who are members of dairy herd-improvement associ¬ 
ations. Since this work started a total of 126 bulls have been loaned. They 
have sired 3,058 females. Seventy-three of these bulls now have three or 
more daughter-dam pairs with records. The 924 daughters of these 73 sires 
produced an average of 11,178 pounds of milk, 3.65 per cent butterfat and 
403 pounds of butterfat, calculated to a mature equivalent basis. The 924 
respective dams had an average production of 10,226 pounds of milk, 3.56 
per cent butterfat and 364 pounds of butterfat, an increase of 9 and 11 per 
cent. The daughters of 15 of the 73 sires failed to exceed their dams in milk 
production, and the daughters of 12 of the 73 sires failed to excel their dams 
in butterfat production. 

* As of March, 1940. 
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P23. Average Useful Life-Span, and Causes of Losses of Dairy Bulla. 

R. B. Becker and P. T. Dix Arnold, Florida Agricultural Experi¬ 
ment Station. 

Data have been accumulated with the cooperation of breeders, breed 
secretaries, and many of the Colleges of Agriculture of the United States 
and Canada, concerning the useful life-span of bulls, the owners of which 
valued them sufficiently that their natural lifetime was completed. Bulls 
culled because of unsatisfactory progeny, to avoid inbreeding in small herds, 
or because of having access to a more desirable bull, were not included in 
any of the tabulations. 

The average useful life-span of good proved bulls of four dairy breeds, 
born prior to 1925, were: for 99 Ayrshires, 11.19 ± 2.75 years; 172 Guern¬ 
seys, 10.45 dfc 2.58 years; 277 Holsteins, 10.77 zt 2.66 years, and for 197 
Jerseys, 11.07 ± 2.56 years. 

Causes of losses among 1,097 bulls of the same four breeds, based on 126 
Ayrshires, 302 Guernseys, 399 Holsteins, and 270 Jersey bulls of all ages, 
were: sterility, 27.6 per cent; died of undiagnosed causes, 23.3 per cent; old 
age, 10.3 per cent; accidents, injuries and broken bones, 6.8 per cent; wire, 
nails, and other foreign bodies, 5.4 per cent; lameness, rheumatism, bad 
stifles and feet, 4.4 per cent. The total losses from infectious diseases 
amounted to 12.8 per cent, of which pneumonia and lumpy jaw (actinimy- 
cosis) accounted for 2.1 per cent each; tuberculosis, 1.8 per cent; Bang’s 
disease reactors, 1.3 per cent; tumors and abcesses, 1.0 per cent. 

Life expectancy tables are being calculated. Further records will be 
accumulated for use in this study over the next five years. 

P24. The Inheritance of the Solids-Not-Fat Percentage in Dairy Cattle. 

H. C. Moore and K. S. Morrow, New Hampshire Experiment 
Station. 

Studies at this station carried on for the last four years on the abnormal 
relationship (ratio) of fat to solids-not-fat in milk indicate that the cause of 
variations in solids-not-fat of mixed herd milk from month to month is due 
largely to the make-up of the milking herd. 

The influence of the factor of inheritance upon the solids-not-fat per¬ 
centage in milk from individual cows was studied, using the method em¬ 
ployed by the United States Department of Agriculture in proving bulls for 
milk and butterfat production. Using only purebred animals, dam and 
daughter comparisons on the progeny of three Holstein and two Jersey bulls 
have been completed. 

The results tend to indicate that the three factors, milk production, per¬ 
centage of butterfat, and percentage of solids-not-fat may be inherited sepa¬ 
rately. A given sire may not affect at all or may decrease or increase 
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percentage of solids-not-fat, irrespective of changes in percentage of butter- 
fat or total milk production. 

One sire increased the solids-not-fat content 0.16 per cent, although show¬ 
ing a decrease in butterfat percentage of 0.21 per cent, with no significant 
change in milk production. Another sire, used in the same herd, increased 
the solids-not-fat and butterfat percentage 0.28 per cent and 0.24 per cent 
respectively, with an accompanying increase in milk production of 242 
pounds. A third sire, used in a different herd, lowered the solids-not-fat 
content 0.11 per cent and increased butterfat percentage 0.06 per cent, and 
milk yield 428 pounds. 

Of the other two sires, one increased milk production 938 pounds and 
decreased the fat percentage 0.18 per cent without a significant change in 
solids-not-fat percentage. The other decreased milk production 1118 pounds 
and at the same time increased both the fat and the solids-not-fat percentage 
at about the normal relationship of these constituents in milk. 

An interesting comparison was available wherein a group of eight 
daughters of sire 13 out of paternal sisters (daughters of sire I) all showed 
an increase in percentage of both solids-not-fat and butterfat. Proportion¬ 
ally, the increase in percentage of solids-not-fat exceeded the expected value 
in relation to the increase in percentage of butterfat. 

P25. Some Factors Affecting Breeding Efficiency in Dairy Cattle. R. E. 

Erb, J. AV. Wilbur and J. H. Hilton, Purdue University. 

A study of the breeding efficiency in the Purdue University dairy herd 
for the twenty-year period (1920-40) revealed considerable seasonal vari¬ 
ation. The month of May with 74.3 per cent had the highest average effi¬ 
ciency and the month of August with 58.2 per cent the lowest average 
efficiency for the year. The twenty-year study included 1,440 services re¬ 
sulting in 922 conceptions. No services were included unless they resulted 
in calving while the animals were still in the Purdue herd. 

The data also show that 72.1 per cent of all conceptions resulted from a 
single service, with 18.7 per cent from the second service, 6.3 per cent from 
the third service, 2.3 per cent from the fourth service and 0.65 per cent from 
over four services. 

There was considerable variation in breeding efficiency between sires 
used in the herd during the period covered in this study. One and two-vear- 
old bulls had the highest breeding efficiency but showed a gradual decline 
with age thereafter. 

An analysis of the prominent cow families in the herd indicated that 
some families have a higher breeding efficiency than others. This may be an 
inherited characteristic. 
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P26. Early Recognition of the Freemartin Condition in Heifers Twin- 
Born with Bulls. W. AY. Swett, C. A. Matthews and K. 11. 
Graves, Bureau of Dairy Industry, TJ. S. Dept, of Agriculture. 

According to definition a freemartin is a sexually imperfect female calf 
twin-born with a male. Occasionally a heifer born co-twin with a bull is 
normal. Because of the uncertainty, many breeders follow the practice of 
destroying all such animals soon after birth. Some breeders, however, are 
willing to spend the time and expense necessary to raise them to breeding 
age in the hope that they will be sexually normal. 

A study has been made of the conformation, anatomy and udder charac¬ 
teristics of 17 heifers that were born co-twin with bull calves. Fifteen of 
them proved to be freemartins. The other two apparently were normal 
although their normalcy could not be established with certainty because of 
the fact that they were slaughtered before they reached the age of sexual 
maturity. 

A number of physical characteristics were found to be associated with the 
freemartin condition. These characteristics should be useful in determining 
at an early age whether or not any individual female born co-twin with a 
bull calf is likely to be capable of reproduction. Four characteristics which 
occurred with high frequency in freemartins were: (1) A retarded develop¬ 
ment of the mammary gland tissue, (2) an atypical form of the mammary 
gland tissue, (3) the occurrence of a fold of skin, sometimes containing a 
cord, extending along the median plane of the body a part or all of the way 
from the vulva to the navel, which is referred to as a “rudimentary penis,” 
and (4) an enlarged clitoris. In some of the freemartins all of the described 
characteristics were found. In others only one or two were detected. One 
or more occurred in every one of the 15 cases that proved on autopsy to be 
sexually deficient, but none was found in the 2 cases that were found to have 
normally developed internal genitals at the time of death. 

The chances are slight that the heifer twin-born with a bull calf will be 
sexually normal. In some cases positive determination probably cannot be 
made until the age of sexual maturity. If one or more of the abnormalities 
described are present it probably will be good economy to dispose of the 
animal. 

P27. Some Factors Relating to Bloat in Cattle. Dwight Espe and C. Y. 
Cannon, Iowa State College. 

There is little difference in the rate of gas formation between finely cut 
fresh alfalfa and bluegrass, when placed in rumen fluid and held at 37£° C. 
Amounts of salt, soda, hydrated lime or combinations of the three which the 
eow will tolerate in her drinking water increase rather than suppress gas 
formation. Frosting of alfalfa or bluegrass does not materially change the 
rate of gas formation. 
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P28. Extreme Rarity of Cancerous Growths in the Cow’s Udder. W. W. 

Swett, C. A. Matthews and R. R. Graves, Bureau of Dairy in¬ 
dustry, TJ. S. Dept, of Agriculture. 

A study of the anatomy of the udders of more than 400 cows, heifers and 
freemartins over a period of several years has brought to light lesions of 
various types. In addition to sizeable abscesses, clefts, and the development 
of fibrous and scar tissue that usually followed infection or injury, small 
abscesses, cysts and deposits of various kinds have been found that were not 
anticipated and for which no plausible explanation can be found in the 
recorded history of the cow. 

It is particularly noteworthy that, in the hundreds of udders examined 
no growths or tissue changes that appeared to be of a cancerous nature have 
been found, despite the fact that 31 per cent of the 313 cows of laotating age 
were over 8 years of age and presumably had reached that period of the life 
cycle in which mammary cancer may be expected to make its appearance in 
suseept ib 1 e species. 

These observations are supported by results reported by a number of 
investigators who have concluded that cancer is virtually non-existent in the 
bovine mammary gland. In fact, as a result of reviewing the laboratory 
findings in connection with tumors observed in connection with the meat 
inspection activities of the Bureau of Animal Industry involving the 
slaughter of many millions of cattle over a period of years, the conclusion 
was reached that cancerous growths in the bovine mammary gland are very 
rare, and that those that were found apparently had originated from carci¬ 
noma of the skin and invaded the udder from that source. 

In the light of recent studies with mice which show that the breast cancer 
incidence may be increased in the young of a low cancer strain if they are 
allowed to nurse females of a high cancer strain, or vice versa, it is gratify¬ 
ing to know that the cow’s udder—the source of one of the most important 
foods used for human consumption—is practically free from cancerous 
growths. 

P29. Heavy Corn Feeding as a Contributory Factor to the Development 
of Mastitis. Earl N. Moore and H. 0. Henderson. West Virginia 
Agricultural Experiment Station. 

In recent years considerable thought has been given to certain contribu¬ 
tory factors which might predispose animals to mastitis. The quantity and 
quality of the ration has been mentioned as a contributory factor. 

With this thought in mind a study of the effect of heavy corn feeding as 
a contributory factor to the development of mastitis has been made. A con¬ 
centrate ration composed of corn, corn gluten feed and necessary minerals 
was fed to 14 experimental animals. A control group of 13 cows was fed the 
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regular herd ration. The digestible crude protein, and total digestible nutri¬ 
ents was approximately the same in both rations. Alfalfa hay, corn silage 
with pasture in season, constituted the roughage. 

The two groups of animals were divided as evenly as possible taking into 
consideration the age, number of lactations, and previous history of mastitis. 
Likewise the production level was practically the same between groups, 
which averaged over 11,000 pounds of milk. Half of the animals were 
observed for one lactation and the others completed approximately two 
lactations. 

To detect the presence of mastitis the following tests were conducted at 
intervals of 14 days: (1) Physical examination, (2) Strip cup, (3) Brom 
thymol blue, (4) Chlorine determination, (5) Hotis test, (6) Leucocyte 
count, (7) Microscopic examination and (8) Blood agar plates. 

An analysis of the results failed to show any appreciable difference in the 
incidence or severity of mastitis of the two groups. The different test 
methods used showed fairly good agreement. 

P30. Short-Wave Diathermy Treatment of Bovine Mastitis.* C. W. 

McIntyre,! A. C. Kaosdale, and E. R. Garrison, Missouri Agri¬ 
cultural Experiment Station. 

Short-wave diathermy applications of one hour daily were applied to the 
udders of cows secreting abnormal milk or with abnormal udder conditions 
in three purebred dairy herds and of one and one-half hours duration in a 
fourth herd. The diatherm used had an input power of 275 watts with a (i- 
meter wave-length and a frequency of 50 megacycles per second. Each cow 
in the first three herds was treated dhily, so far as possible, until a negative 
test was obtained for all quarters of the udder, or until the termination of the 
experimental period here reported. In the fourth herd treatments were 
made for five consecutive days each week and samples of the milk for testing 
taken on the seventh day. 

Positive quarters were determined by the Hotis test, supplemented by the 
plate count for number of bacteria, a microscopic examination of the incu¬ 
bated milk to determine the type of bacteria, body cell count, chloride test, 
strip cup or physical examination of the udder. Hotis tests were made on 
the milk from each of the quarters of the udders of all cows at frequent 
intervals. Samples showing no color change of any kind were classified as 
negative. All others were classed as positive or suspicious. Suspicious sam¬ 
ples were then examined microscopically. 

Ninety-two cows were treated with short-wave diathermy. Thirty-eight 
of these had been infected for more than 6 months and 54 for less than 6 

* Paper No. 620 in the Missouri Agricultural Experiment Station Journal Series* 

t Superintendent of the Hatch Dairy Experiment Station, University of Missouri 
and Bureau of Dairy Industry, U. S. Department of Agriculture. 
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months. According to the Hotis test the 38 cows infected longer than 
6 months were positive in 101 quarters. Seven or 18.4 per cent of the cows 
became negative in all quarters after an average of 76 treatments for the 
group. However, the total number of positive quarters at the beginning 
of treatments was 101 as compared with 94 at the end of treatments, a de¬ 
crease of only 7.0 per cent. 

The 54 recently infected cows were positive in 81 quarters. Twenty or 
46.5 per cent of the 43 cows positive in one or more quarters became negative 
in all quarters after an average of 41 treatments for the group. The total 
number of positive quarters at the end of treatmetut was 41, a decrease of 
50.0 per cent. 

Combining all herds and groups the 92 cow's showed a reduction in the 
number of quarters positive to the Hotis test of from 182 to 135 or 25.8 per 
cent during the period covered by diathermy treatment. Shortly after the 
end of the treatments, however, the number of positive quarters increased 
to 174 or partially exactly the same number at the beginning of the experi¬ 
ment. Milk produced by all except a few cows was normal in physical condi¬ 
tion and appearance at the time of the last treatments, although a number of 
additional cows again showed abnormal milk on subsequent tests. 

The types of bacteria, plate count, body cell count, and per cent chlorides 
were determined on 35 of the 38 cows infected more than 6 months and 48 
of the 54 cows infected less than 6 months. The first tests were made July 
5 to 12, 1939, and the second tests September 8 to 14, 1939, but are not avail¬ 
able for the dates of the first and last Hotis tests. 

The data presented indicates a very definite improvement in the physical 
condition, appearance and flavor of the milk of cows when treated with 
diathermy under the conditions of this investigation. This is obviously of 
great economic importance to the dairymen. The data is equally definite in 
indicating only temporary improvement, or simply an arrested condition, 
when results are measured by the Hotis test. There is no evidence of sig¬ 
nificant change in types of bacteria, plate count, body cell count or per cent 
chlorides over a two-month interval during the period covered by the tests. 
Finally the experimental work reported must be considered as preliminary 
and no final conclusions are drawn by the authors. 

P31. Purified Diet Studies with Calves. P. E. Johnson, J. K. Loosli and 
L, A. Maynard, Cornell University. 

The purified diet technique was used to study the growth requirements 
of dairy calves. The calves were started on the purified diets at two to ten 
days of age. A mixture of casein, lactalbumin, sugar, butter or lard, min¬ 
erals and water was fed as a substitute for milk. A dry feed composed of 
casein, starch, sugar, cottonseed oil, cellophane and minerals was kept before 
the calves after the first few days, and they were transferred to the dry feed 
completely after about three months. 
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The growth rates of the 15 calves studied were below normal in most 
cases in comparison with Ragsdale’s Standards. Poor food consumption 
associated with periodic digestive upsets seemed to be largely responsible for 
the slow growth. It was necessary to supply about 25 mg. of magnesium per 
kilo of body weight to prevent hypomagnesiemia, convulsions, paralysis and 
death. Diets devoid of thiamin or riboflavin gave as good growth as those 
containing yeast or liver supplements. No improvement in the rate of 
growth or general well being of the calves was noted when the 44 grass juice 
factor” or vitamin C was added to the diet. 

P32. Changes in pH and in Bacterial Count of Milks Sham Fed to a 
Dairy Calf. George H. Wise, G. W. Anderson and J. C. Jones, 
South Carolina Agricultural Experiment Station. 

In order to ascertain the extent to which the hydrogen-ion activity and 
the bacterial count of milks are altered in passing through the oral and 
esophageal cavities of the calf, pasteurized whole milk and unpasteurized 
separated milk were sham fed. As the calf consumed the milk from a nipple 
feeder, the liquid (milk mixed w'ith various secretory fluids) was collected 
through a conduit inserted into the distal end of the esophagus, the entrance 
being made progressively via a ruminal fistula, the rumen and the eardia. 

An uneonsumed sample (control) and its corresponding sham fed sample 
were incubated at a temperature of 37° C. for 12 hours, during which time 
routine bacterial plate counts (on liver infusion agar) and pH determina¬ 
tions were made every two hours. In addition pH measurements were made 
on the sham fed whole milk at ten-minute intervals during the first hour. 

The control pasteurized whole milk during the twelve-hour period gradu¬ 
ally increased in bacterial count from 396 per cc. to 68,600,000 and decreased 
in pH from 6.61 to 6.12. The bacterial count of the corresponding consumed 
sample immediately after collection was 119,000 per cc., a considerable in¬ 
crease resulting from sham feeding. After collection, the number of bac¬ 
teria decreased to 22,050 per cc. during the first four hours but slowly in¬ 
creased during the next eight hours to 667,875 per cc., account markedly less 
than in the control incubated the same length of time. As the bacterial 
count decreased, there was an increase in hydrogen-ion activity, the pH 
dropping to 5.50 by the conclusion of four hours, the rate of decrease being 
greatest during the first 30 minutes following feeding. The pH showed no 
perceptible change from the fourth to the tenth hour, but subsequently began 
decreasing again. 

In the control unpasteurized separated milk the bacterial count increased 
and the pH decreased throughout the entire period, the rate of change being 
somewhat greater than in the control sample of pasteurized whole milk. The 
alterations of the consumed separated milk, after the initial increase in bac¬ 
terial count resulting from sham feeding, were in the same order as, but of 
a greater magnitude than, in the control. 
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Rancidity accompanying the rapid decrease in pH of tlie sham fed whole 
milk suggested that lipolysis was involved. The indications are that the 
source of the enzymes is the saliva and/or other fluids in the mouth and 
esophagus. However, the evidence is not adequate to warrant a final con¬ 
clusion. 

Since the sham fed separated milk manifested no baeteriaeidal proper¬ 
ties, some phase or product of the lipolytic reaction evidently was responsible 
for the lethal effect of the sham fed whole milk medium. Increased hydro- 
gen-ion activity was probably a factor inhibiting multiplication but is not 
generally considered to be lethal. Lowering of surface tension by fatty acids 
liberated in the reaction was perhaps a factor preventing the growth of 
many bacteria. Since differential counts were not made, the relation of the 
change in bacterial quality to the change in total count cannot be assessed. 

P33. Studies With Barn Air-Cured Alfalfa Hay. C. E. Wylie, S. A. 
Hinton and *!. A. Schaller, University of Tennessee and Tennes¬ 
see Valley Authority. 

Continuing studies of curing hay in the barn and feeding value of air- 
cured hay, investigations were conducted during the summer of 1939 on 
automatic controls for curing equipment and curing hay to depths greater 
than 10 feet, which was previously considered a maximum depth. 

The barn-curing system consists of air ducts, constructed of lumber on 
the floor of the hay mow. Partially dried hay from the field is stored as 
usual in the mow, over the air ducts. An electrically driven blower con¬ 
nected to tlie air ducts forces air through the hay and removes the moisture. 

The most promising method of automatic control for the curing equip¬ 
ment embodies the use of a humidistat and time switch. The humidistat is 
located outside the barn, and starts or stops the motor according to the rela¬ 
tive humidity of the air. The time switch will start or stop the motor for a 
short operating period at any time desired by the operator. This method 
required a minimum amount of attention and worked accurately and satis¬ 
factorily. 

Alfalfa hay was cured without heating or molding to a depth of 10 feet 
by using the floor ducts. Hay was also cured satisfactorily to a depth of 18 
feet by using flexible duets placed on top of the first 10 feet of hay. Further 
investigations on curing hay to depths greater than 10 feet are planned for 
the summer of 1940. 

The average power requirement for curing hays of 45 to 50 per cent mois¬ 
ture content to 20 per cent moisture content, using a 5-horse-power motor 
and a blower delivering 12,000 cubic feet of air per minute, is 43 k.w.h. per 
ton of dried hay. During each of the winters of 1937-38, 1938-39, and 
1939-40, ten yearling heifers from the University dairy herd were fed for 
150-day periods. These heifers were divided into two groups as equally as 
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possible, according to number, breed, age, weight, height, and heart girth. 
One group of heifers was fed all the air-cured hay that they would consume, 
while the other was fed field-cured hay ad libitum. Two pounds of grain 
and ten pounds of corn silage per animal per day were fed to both groups. 
The heifers in both groups have made normal growth with no marked differ¬ 
ence in favor of either. 

On all analyses the protein content of the barn-dried has been much 
higher than the field-cured hay. Samples of the air-cured hay averaged 
16.78 per cent protein in 1938-39 and 17.88 per cent in 1939-40. Samples 
of the field-cured hay have averaged 12.97 per cent protein in 1938-39 and 
13.09 per cent in 1939-40. 

The result of three years’ studies on curing hay in the barn and testing 
its feeding value have shown that a high quality of hay may be obtained by 
completing the curing in the barn after partially curing in the field. 

P34. Dried Grapefruit Pulp for Milk Production. P. T. Dix Arnold, 
R. B. Becker and W. M. Neal, Florida Agricultural Experiment 
Station. 

During 90-day double-reversible feeding periods in each of three consecu¬ 
tive years, dried grapefruit pulp was compared with dried beet pulp in 
balanced dairy rations. These were fed to 24 Jersey cows at a level to sup¬ 
ply 40 per cent of the T. D. N., replacing one-third of the hay and silage, and 
a part of the mixed concentrates. 

The production of 100 lbs. of milk (Jersey) required the consumption of 
106.8 lbs. corn silage, 34.7 lbs. No. 1 alfalfa hay, 42.5 lbs. of dried grapefruit 
pulp, 9.75 lbs. cottonseed meal (41 per cent) and 9.75 lbs. coni feed meal. 
Likewise with 47.6 lbs. of dried beet pulp, the cows ate 110.1 lbs. corn silage, 
36.2 lbs. alfalfa hay, 9.85 lbs. cottonseed meal and 9.85 lbs. of corn feed meal, 
w r hile producing 100 lbs. of milk. 

Neglecting changes in body weight, 42.5 lbs. of dried grapefruit pulp 
were equivalent to 45.1 lbs. of dried beet pulp, as used in these trials. Milk 
yields obtained were slightly to the advantage of the grapefruit pulp, and 
gains in body weight slightly in favor of dried beet pulp. 

It is concluded that dried grapefruit pulp is equal in feeding value to 
dried beet pulp, when fed as a carbohydrate concentrate in mixed dairy 
feeds. 

P35. The Value of the Qualitative Color Test in the Study of Ketosis. 

C. W. Duncan and C. F. Huffman, Michigan Agricultural Experi¬ 
ment Station. 

The purpose of this experiment was to study the incidence of ketosis in 
dairy cattle and to correlate the intensity of the color obtained by the use of 
a qualitative color test with the actual amount of ketone bodies found in the 
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urine by the Van Slyke technique. Approximately 1,400 milking cows in 
state-owned herds were tested for the presence of ketone bodies in the urine. 
Forty-five per cent of the cows responded to the color test, whereas less than 
10 cows actually exhibited clinical symptoms of ketosis. 

In recording the results of the qualitative test the intensity of the per¬ 
manganate color was classified as follows: 1 +, faint color; 2+ and 3 +, more 
pronounced color; and 4+. intense color. When the actual quantities of 
total ketone bodies were determined for each classification, it was found that 
the mean values indicated a general agreement with the above classification 
but when each range of values was taken into consideration, no definite 
correlation could be established. 

The acetone and acetoacetic acid fraction and the (3-hydroxv-butyric acid 
fraction of the total ketone bodies were then determined quantitatively. 
The mean values found for the acetone and acetoacetic acid fraction showed 
more correlation with the color test than the total ketone bodies. The range 
of values for each color classification again showed so much over-lapping that 
it was concluded that the color test ordinarily used by the veterinarian is of 
doubtful value in estimating the amount of ketone bodies being excreted by 
the cow or in the severity of ketosis. This conclusion was further verified 
when it was found that appreciable quantities of ketone bodies, chiefly 13-hy¬ 
droxy-butyric acid, were present in urine samples which gave negative color 
reactions. These results suggested the possibility that cows may be excreting 
significant amounts of ketone bodies in the urine normally. 

The diurnal variations in the excretion of ketone bodies were determined 
for eight cows on metabolism trials and it was found that the excretion in¬ 
creased as rumen digestion progressed. The maximum amount of ketone 
bodies is excreted in the urine at approximately 5-6 hours after feeding. 
This observation is in agreement with rumen digestion studies in which it 
w*as found that the maximum acidity of the rumen occurs at the height of 
rumen activity. 

The qualitative color test, in the absence of visible clinical symptoms, is 
not a satisfactory indication of the degree of ketosis in dairy cattle because 
of the lack of a definite quantitative relationship. The results of random 
sampling may be further invalidated unless the diurnal variation in the 
excretion of ketone bodies is also taken into consideration. 

P36. Blood Sugar and Carbon Dioxide Combining Power of Plasma in 
Relation to Ketosis in Dairy Cattle. J. F. Sykes, C. W. Duncan 
and C. F. Huffman, Michigan Agricultural Experiment Station. 

In a study of ketosis, the total ketones of the blood, blood sugar and 
carbon dioxide combining power of the plasma have been determined on a 
large group of mature dairy cattle. Some of these were made at weekly 
intervals over considerable periods. With one or two exceptions, clinical 
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symptoms of ketosis were not evident. With increasing degrees of ketosis, 
the blood sugar values progressively decreased although all these values fell 
within accepted normal limits. The carbon dioxide combining power of the 
plasma remained within normal limits at all levels of blood ketones which 
were encountered in this particular group of cattle and show r ed no consistent 
variations which could be correlated with the degree of ketosis. 

P37. The Relationship of Fat Content in the Dairy Ration to Milk and 
Butterfat Production. C. F. Monroe and W. E. Krauss, Ohio 
Agricultural Experiment Station.* 

Practical grain mixtures containing three different levels of fat have 
been fed to a herd of 90 purebred Holstein cows. These three different fat 
percentages of 4.9; 3.5; and 2.8 were obtained by using either ground soy¬ 
beans, expeller, or extracted process soybean oilmeal as the protein supple¬ 
ments. The protein content of the grain mixtures was equalized as nearly 
as possible. In other respects the grain mixtures were practically identical. 

The feeding program called for two similar trials of 160 days. During 
the first 50 days of each trial all the cows were fed the basal or high-fat mix¬ 
ture, after which they were divided into three groups, each of which received 
one of the different fat levels for the remainder of the trial, or 110 days. 

At the time of writing this abstract one trial has been completed. There 
are available data from 15 cows on each of the high-fat and low-fat levels 
and from 10 cows on the medium-fat level. The results of this trial iudicate 
no significant difference in milk or butterfat productions, that could be 
attributed to the level of fat feeding. 

Data covering two 110-day experimental periods and tw r o 50-day prelimi¬ 
nary high-fat periods will be presented. 

P38. Alfalfa Hay Cut at 3 Stages of Maturity; Its Yield, Chemical Com¬ 
position and Feeding Value for Milk Production. J. R. Dawson, 
D. V. Kopland and R. R. Graves, Bureau of Dairy Industry, TJ. S. 
Department of Agriculture. 

For 3 years the bureau carried on an experiment at its Huntley, Mon¬ 
tana, field station to compare the yield, chemical composition, and feeding 
value of alfalfa hay cut at (1) initial-bloom, (2) half-bloom, and (3) full- 
bloom stages of maturity. Observations were also made on the effect of 
cutting at the 3 stages on the stand of the alfalfa. The alfalfa was grown 
under irrigation on 5-acre tracts, w T as harvested at the particular stage of 
maturity under practical farm conditions and was later fed as the sole ration 
to groups of Holstein cows to compare its feeding value. Cutting at the 3 
stages had no appreciable effect on the stand. The 3-year average crude 

* In cooperation with the Ohio State Department of Public Welfare and the Central 
Soya Company, Inc,, Fort Wayne, Indiana. 
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protein content of the cuttings made at the initial- and half-bloom stages 
was 18.24 per cent as compared to 15.71 per cent for cuttings made at the 
full-bloom stage. First cuttings of all stages were inferior to later cuttings. 
The crude fiber content was lower for the initial- and half-bloom stages. The 
average yields of field-cured hay in pounds per acre were: Initial-bloom, 
8938; half-bloom, 8843; and full-bloom, 6940. The average yield of crude 
protein obtained per acre was 1427 pounds, 1381 pounds, and 997 pounds* 
respectively, for the 3 stages. The digestion coefficients for crude protein 
were 77.7 per cent, 77.1 per cent, and 75.4 per cent, respectively, for the 3 
stages. The cows fed the initial-bloom hay as their only feed produced an 
average of 11,099 pounds of milk and 404 pounds of butterfat (calculated 
to a mature basis). The cows fed half-bloom hay averaged 9763 pounds of 
milk and 345 pounds of butterfat, and the cows fed full-bloom hay averaged 
8981 pounds of milk and 331 pounds of butterfat. There was little differ¬ 
ence in the amount of hay consumed of the 3 stages. The nutrients furnished 
by the hay cut at the initial-bloom stage appeared to he more efficient than 
the nutrients from the hay cut at the later stages. The comparative costs per 
ton of the hay cut at the 3 stages were $3.72 for the initial-bloom, $3.97 for 
the half-bloom, and $4.23 for the full-bloom hay. 

P39. Cystine as a Possible Deficiency in a Ration of Alfalfa Hay for Milk 
Production. C. F. Huffman and C. W. Duncan, Michigan 
Agricultural Experiment Station. 

It lias long been recognized that total digestible nutrients in roughages 
are nutritionally inferior to those of concentrates, whiclf is the basis of Kel- 
ner’s starch equivalents, Armsbv’s net energy values, and the productive 
energy values of Fraps’. In a previous report it was shown that cows fed 
alfalfa hay, bone meal and salt declined in milk production although more 
total digestible nutrients were supplied than required for maintenance and 
milk production. When a part of the total digestible nutrients of the hay 
was replaced with either corn or beet pulp an increase in milk production 
resulted. 

The results of the Oregon workers with rats indicated that when female 
rats were fed alfalfa protein at a 10 per cent level as the only source of pro¬ 
tein, milk production was reduced. The addition of cystine to this diet 
resulted in increased milk production. 

In order to determine the possible deficiency of cystine in a ration of 
alfalfa alone, four cows which had received alfalfa hay alone for some time 
were fed cystine as a supplement. One cow was fed 40 gms. of cystine per 
day for 15 days. This high level of cystine resulted in a marked reduction 
of appetite and milk production, but a gain in body weight. The other 3 
cows were fed 20 gms. per day for a period of 15 days. Milk production was 
not affected by the addition of cystine, although later when corn replaced 
alfalfa in isodynamic amounts milk production increased. 
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P40. The Feeding Value of Rye Stillage for Dairy Cows. K. L. Turk 
and M. H. Berry, Maryland Agricultural Experiment Station. 

Considerable quantities of rye stillage are available for feeding purposes 
in Maryland and other states. Rye stillage is a product formerly known as 
distillers * rye slop. This product is produced largely from rye grains with 
the addition of some rye malt and barley malt. Since little data are avail¬ 
able on this product, an experiment was conducted to determine the feeding 
value of rye stillage for dairy cows. 

The whole slop was used in this experiment and was obtained fresh each 
day from the distillery. The average composition of the stillage obtained 
from weekly composite samples was as follows: 94.77 per cent water, 0.29 
per cent ash, 1.72 per cent protein, 0.21 per cent ether extract, 0.44 per cent 
crude fiber, and 2.57 per cent nitrogen-free extract. 

The feeding experiment was conducted for a twelve weeks ’ period with 
twenty cows of the Ayrshire, Guernsey, and Holstein breeds. The continu¬ 
ous system of feeding was employed. The cows were divided into two 
groups as equally as possible in all essential respects. Both groups of cows 
received one pound of U. S. No. 2 leafy alfalfa hay and 3 pounds of corn 
silage for each 100 pounds of liveweight per day. In addition, one group 
received a good concentrate mixture, containing 16 per cent total protein, 
in sufficient amounts to meet the requirements of the Morrison Feeding 
Standards. The other group received the same ration except one-half of 
the dry matter in the concentrate mixture was replaced by an equivalent 
amount of dry matter from rye stillage. 

No significant difference in milk production in favor of either ration was 
observed. When the milk production of both groups was equated to an 
equal energy basis of 4.0 per cent fat, the 10 cows receiving the stillage pro¬ 
duced daily an average of 21.03 pounds of milk while the cow t s receiving the 
normal ration produced daily an average of 20.11 pounds of milk. It took 
19.68 pounds of rye stillage to replace one pound of grain mixture. With a 
good grain mixture valued at $30.00 per ton, the value of the stillage was 
found to be $1.52 per ton. 

Some difficulty was encountered in getting the cows to consume the still¬ 
age at the beginning of the experiment. Its palatability was increased by 
the addition of approximately one-half pint of cane molasses per cow per day 
until the cows become accustomed to drinking it. Also, the stillage was more 
palatable when fed at a temperature of approximately 100° F. 

Since the amount of stillage fed was substituted for one-lmlf of the dry 
matter in the concentrate mixture, the amount consumed by each cow varied 
from week to week for the same cow and for the different cows. One cow, an 
Ayrshire, consumed an average of 139.7 pounds of stillage per day. On the 
other hand, one of the lower producing cows consumed only 26.2 pounds of 
stillage per day. For all cows, there w'as an average daily consumption of 
45.07 pounds of stillage. 
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There was some difference in the average weights of the cows in favor 
of those receiving the normal ration. The cows receiving the stillage lost an 
average of 13.2 pounds per cow during the 12 weeks of the experiment, while 
those on the normal ration gained 1.8 pounds per cow during the experi¬ 
mental period. Most of this loss was due to three cows that lost considerable 
flesh before they became accustomed to the stillage. All of the cows that 
readily consume the stillage maintained their weight satisfactorily and four 
of them gained weight. 

Rye stillage had no deleterious effects on the flavor and odor of the milk 
in this experiment. The stillage was fed immediately after milking in all 
cases. 

There was no evidence that feeding rye stillage would increase the inci¬ 
dence to mastitis. 

P41. Fermentation Studies on Alfalfa Silage Prepared by the Phosphoric 
Acid and Molasses Methods. H. D. McAuliffe, R. W. Stone 
and S. I. Bechdel, The Pennsylvania State College. 

Alfalfa silages, prepared under exactly comparable conditions with vari¬ 
ous concentrations and mixtures of molasses and phosphoric acid, have been 
studied with respect to the micro-organisms present and the chemical changes 
produced. The fodder, a uniform third cutting of alfalfa, was ensiled in six 
small experimental silos. Serial samples for bacteriological and chemical 
analyses were taken from various levels by drilling holes through the silo 
and removing the silage with a soil auger. 

Earlier investigations correlated inferior silages with a high pH and a 
high content of volatile acids. In spite of large numbers of lactobaeilli, the 
amount of lactic acid was small. Serial analyses showed the first stage of 
the fermentation to be normal with an increase in lactic acid to a relatively 
high level and a corresponding drop in pH and in fermentable sugar. When 
the reducing sugar decreased to approximately 1 per cent by dry weight, 
a second stage of fermentation brought about a lowering in the lactic acid 
content and an increase in pH. The fate of the lactic acid was suggested by 
the continued increase in volatile acids; however, there was no apparent 
change in the bacterial flora during the secondary fermentation. 

Although the six silages w r ere apparently normal as a whole, several levels 
showed the abnormal fermentation previously observed. Differences in pres¬ 
sure at various levels or lack of uniformity in mixing of the molasses and 
acid with the fodder may explain the abnormal fermentation that occurred 
in different sections of the silages. 

P42. The Losses Resulting from the Ensiling of Legumes and Grasses 
with Varying Amounts of Phosphoric Acid. 0. L. Lepard and 
E. S. Savage, Cornell University. 
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Three experiments were designed to determine the losses and changes 
accompanying the ensiling, with varying amounts of phosphoric acid, of the 
following crops: mixed grass, clover and alfalfa; timothy and other grasses; 
and medium well matured soybeans. 

Farm size silos were used and each was filled with a particular crop. 
The silos were divided into layers separated by waterproof rubber sheets. 
A definite amount of acid (68 per cent food grade phosphoric acid), vary¬ 
ing from 0 to 24 pounds per ton was added to each layer. The losses of the 
following were determined: total weight, dry matter, crude protein, ether 
extract, crude fiber, and ash. Other determinations made included tempera¬ 
ture changes, pH, and volatile constituents. 

The layer method, when the layers are separated by waterproof material, 
is satisfactory for making experimental divisions in the silo when material 
low enough in moisture to prevent excessive drainage is used. Relative 
results may be secured from material which has drained excessively. 

Natural moisture is an important factor in the preservation of silage. 
It should be as high in moisture as possible without allowing drainage. 
This cannot be stated as a definite percentage as it depends on the type of 
crop, fineness of cut, packing and depth of material in the silo. Prac¬ 
tically, one must develop the art of determining when a crop is at the 
right stage for ensiling. 

The loss of nutrients from silage which drains excessively may be no 
more than that of a dry silage, because of spoilage and chemical changes, 
aided by the presence of more air in the dry material. 

The addition of -water to a dry crop when ensiled is apparently not a 
desirable practice. The water does not make a homogeneous mixture, 
but forms channels and runs down through the silage. This may wash 
out the added preservative. 

The pH was not related to the amount of acid added in the case of 
timothy and other grass silage or of the mixed silage (grass, clover, and 
alfalfa). There was a definite relationship in the case of the soybeans in 
that a lower pH resulted from the addition of larger amounts of phosphoric 
acid. 

There was no apparent relationship between the amount of acid added 
and the dry matter or the individual nutrient losses. 

High temperatures did not result in a low moisture silage unless large 
amounts of air were incorporated in the silage. Temperatures of various 
lots of silage containing from 50 to 82.5 per cent moisture were deter¬ 
mined. In each case the temperature rose from 4 to 10 degrees centigrade 
above the ensiling temperature, reaching a maximum of from 26 to 38 
degrees centigrade in about 18 days. It then declined in relation to the 
climatic conditions. 
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P43. Effect of Depth of Corn in the Silo on Weight of Corn Silage. 

Joseph B. Shepherd, Bureau of Dairy Industry, U. S. Department 
of Agriculture. 

At the Beltsville Research Center most of the corn is siloed when the 
ears are slightly dented to well-dented, but before they are fully dented 
and hard. From 1937 to 1939 data were obtained on the weight of green 
corn put in 8 silos, on the total weight of corn silage removed from 6 silos, 
and on the weight per cubic foot at different depths of the corn silage 
removed from 5 of these silos. 

The silos, 14 feet in diameter, were filled to depths of 41 to 45 feet. 
Twenty-five to forty tons of corn were put in daily. A jointed pipe dis¬ 
tributor was used inside the silo. Most of the corn was chopped in J-inch 
lengths and tramped by one man. 

At filling time, an average of 148.2 tons of corn with 71.92 per cent 
moisture was put in each of 8 silos. The corn averaged 42.37 feet in depth. 
The calculated weight per cubic foot was 45.45 pounds corn containing 
12.74 pounds dry matter. 

This weight of corn is 14.5 per cent higher than that calculated by 
Chase and slightly higher than that calculated by MeCalmont for the same 
diameter of silo and depth of corn. The calculated weight per cubic foot 
for the different silos ranged from 42.60 to 50.69 pounds corn and 11.83 to 
14.16 pounds dry matter. Corn with the highest percentage of dry matter 
weighed the least but contained the most dry matter per cubic foot. Well 
eared corn weighed more, and contained more dry matter per cubic foot, 
than corn that was only fairly well eared. 

As the silos were emptied, the silage was carefully removed until the 
surface was level without, bumps or hollow's, at approximately two-foot 
intervals, and the weight of the silage per cubic foot was calculated separately 
for each section. 

The amount of spoiled silage on top varied from 2,180 pounds for silage 
stored 28 days to 5,760 pounds for silage stored for 556 days. Losses of dry 
matter ranged from 8.36 to 27.59 per cent per silo, depending largely upon 
the length of time stored. 

Average weights of corn silage per cubic foot at different depths for 4 
silos averaging 27.63 per cent dry matter were found to range from 17.7 
pounds at one foot, to 54.8 pounds at 35 feet, with little or no increase at 
greater depths. 

From the top of the silage to a depth of 30 feet, the settled silage aver¬ 
aged 47.4 pounds per cubic foot, with a dry matter content of 13.1 pounds. 
This is a 22 per cent greater weight of corn silage than the figure of 39.0 
pounds given by Eckles, Reed, and Fitch for the same depth of silage, a 
difference explainable by the difference in the moisture content. 

A table has been prepared showing the total weight of settled silage down 
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to different depths. From this table the quantity of silage removed and 
the quantity remaining in the silo can be easily calculated at any time, 

P44. Broomcorn Silage for Dairy Cattle. K. E. Harshbarger and W. B. 

Nevens, University of Illinois. 

Two hundred twenty-three thousand acres of broomcorn were grown in 
1939 in the six principal producing states of the United States. About one- 
eighth of this acreage and one-fourth of the harvested crop were grown in 
Illinois. 

As a rule, the brush is the only portion of the crop used and the remain¬ 
ing stalks are plowed under. Farmers seem to hold the opinion that the 
broomcorn plant is unpalatable and may be poisonous to livestock. 

An investigation was conducted (a) to determine the yields of dry matter 
in the stalk portion of the broom corn plant; (b) to find a suitable method 
for the preservation of the stalks as silage; and (c) to study the feeding 
value of the silage. Two varieties commonly grown in Illinois, Black Jap 
and White Italian, were used. 

Beginning on August 9 and at intervals up to September 20, portions 
of the crop from measured lengths of row were harvested for determinations 
of yields and for silage. 

Results . The yield of dry matter in the stalk portion of the broom¬ 
corn crop at the usual stage for brush harvest was found to be equal to that 
in adjoining plots of hybrid corn harvested for silage. Broomcorn stalks 
ensiled with no treatment produced silage which was either completely 
spoiled or very low in acidity and in poor condition at the time the silos were 
opened 8 to 9 months after filling. Treatment with molasses at the rate of 
100 pounds to a ton proved effective in the production of silage that had 
good keeping qualities and fair feeding value. In this investigation, the 
best stage for ensiling appeared to be at the time the brush is harvested. 
Chemical analyses show that broomcorn silage is lower in protein and higher 
in ash and crude fiber than is corn silage. 

P45. Comparison of Lespedeza sericea Silage, Alfalfa Silage, and Corn 
Silage for Dairy Cows. S. A. Hinton and C. E. Wylie, Univer¬ 
sity of Tennessee. 

In order to determine the value of Lespedeza sericea as a silage crop 
and to determine its comparative feeding value with that of com silage and 
alfalfa silage, two small silos of ten tons capacity each were filled, one with 
Lespedeza sericea and one with alfalfa. Corn was ensiled in a 200 ton 
concrete silo. 

The alfalfa used was first cutting, cut in early bloom stage on May 25, 
1939. The alfalfa was raked and loaded as quickly as possible. The 
moisture content of each load was determined by the Stark toluene method* 
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The average moisture content of the alfalfa at the silo was 66.1 per cent. 
This was adjusted to 70 per cent by adding water at the time of filling. The 
alfalfa was treated with a mixture of 60 pounds of blackstrap molasses and 
10 pounds of 80 per cent phosphoric acid to each ton of green material. This 
mixture of molasses and acid was diluted with an equal part of water to 
facilitate flowing and applied with a Papec automatic molasses feeder .at¬ 
tached to a Blizzard 500 ensilage cutter. The power requirements for cut¬ 
ting, using a 40 h.p., 3 phase motor, was 2.01 k.w.h. per ton. 

The Lespcdeza sericea was first cutting, cut on June 5 and 6 when the 
plants were from 12 to 15 inches in height. The moisture content was deter¬ 
mined and adjusted to 70 per cent. The sericea was treated with a mixture 
of 60 pounds of molasses and 10 pounds of 80 per cent phosphoric acid ap¬ 
plied by the same method that was used in the case of the alfalfa. Both the 
alfalfa silage and Lespcdeza sericea silage w r ere of excellent quality and were 
eaten readily by dairy cows during the winter of 1939-40. 

In the feeding trials 12 cows in milk were selected. These cow T s were 
divided into three groups as equally as possible according to number, breed, 
age, size of animals, stage of lactation, milk production, and condition at the 
beginning of the experiment. 

Cows in group I received 20 lbs. of corn silage, those in group II, 20 lbs. 
of Lespcdeza sericea silage, and those in groups III, 20 lbs. of alfalfa silage. 
All groups were fed ground alfalfa hay ad libitum, and 10 pounds of a grain 
mixture to balance with roughage. 

The results of the first 120 days of the feeding trials slunv that all 
groups maintained normal body weight. The production of all groups has 
been normal, with groups I and III producing slightly more milk and butter- 
fat than group II. Group I has produced 12,599 pounds milk, 555.5 pounds 
fat; group II, 11,740 pounds milk, 506.5 pounds fat; group III, 13,277 
pounds milk, 566.8 pounds fat. Group I has consumed approximately 400 
pounds less hay than has group 11 or group III. 

P46. Composition and Nutrient Value of Sugarcane as Fresh Forage, 
Shocked Fodder and Silage. W. M. Neal, Florida Agricultural 
Experiment Station. 

Immense yields and diverse adaptability recommend sugarcane as a 
forage crop for the lower coastal plains. Three methods of feeding are: 
as a soiling crop, as shocked fodder, and as silage. Digestion coefficients 
for sugarcane in the three forms were found to be: for crude protein, 
20, 00 and 00; for crude fiber, 55, 50 and 53; for nitrogen-free extract, 
69, 65 and 45; and, for crude fat, 56, 46 and 41. The digestion trials 
were conducted with four steers over 20-day experimental periods. 

Total digestible nutrient contents on the dry basis were calculated to 
be: 62,0 per cent for fresh forage, 57.5 per cent for shocked fodder, and 
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45.5 per cent for silage. Assigning an index value of 100 to the digestible 
nutrient value of fresh cane, and allowing for silo fermentations and 
losses in shocking ,* then, shocked cane has an index of 84, and silage of 62. 

P47. Is Timothy Hay Adequate in Calcium for Optimum Growth of 
Dairy Heifers? H. T. Converse, Edward A. Kane and Edward 
B. Meigs, Bureau of Dairy Industry, U. S. Department of 
Agriculture. 

There is a wide difference in the requirement of calcium for normal 
growth in dairy cattle as stated by different experiment stations. These 
different requirements were summarized by Mitchell and McClure in 1937 
as more than 0.43 per cent calcium in the total ration for the Massachu¬ 
setts Station; as more than 0.25 per cent for the West Virginia Station; 
and as 0.24 per cent or less for the Michigan Station. Both the Massa¬ 
chusetts and West Virginia stations reported better gains in body weight 
when at least a portion of the hay fed was alfalfa. The gains in weight 
at the Michigan Station were as large on the timothy ration as on the 
alfalfa ration. 

Since 1935 a number of heifers raised in the nutrition herd for long time 
feeding experiments have been fed No. 3 timothy hay with or without bone 
meal as a supplement. The hay and concentrates fed have been described 
in previous papers. The grain mixture is high in protein to supplement the 
timothy hay and contains about 0.15 per cent calcium. The timothy hay 
used was as low in calcium as could be found on the local market, usually 
ranging from 0.25 to 0.35 per cent calcium and averaged about 0.30 per 
cent. Bone meal when fed was mixed first at the rate of 3 per cent and later 
at 6 per cent of the grain mixture, and the feeding of it was started at six 
months of age, at the end of the milk feeding period. The Holstein heifers 
received on the average about 2.0 kgs. of grain and 5.0 kgs. of hay. The 
daily calcium intake for the group without bone meal was about 18 gins, for 
the Holsteins and about 13 gins, for the Jerseys. 

Eighteen heifers have completed the experimental feeding period of one 
year, from 6 to 18 months of age. Seven of these received the basal ration 
of grain and timothy hay and seven received the bone meal supplement. 
Where possible the animals were paired, the calf making the larger gain 
during the milk feeding period being placed in the bone meal group. Two 
calves in each group were not well paired. 

The group that received the basal ration averaged to gain 419 pounds 
during the experimental period and the group that received the bone meal 
supplement averaged to gain 415 pounds during the period. In none of 
the five cases where the animals were considered well paired at the start of 
the experiment did the calf that received the calcium supplement gain more 
than the calf paired with it on the basal ration. 
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From another experiment, bone ash analyses are available on 2 calves 
that received grain and timothy hay and on 2 calves that received grain and 
alfalfa hay. The calves were killed at 12 months of age. There was no 
significant difference in the percentage of bone ash. The calves that re¬ 
ceived alfalfa hay had 60.0 and 60.1 per cent of ash in the dry and fat free 
humeri and the calves that received timothy hay had 60.1 and 59.5 per <?ent 
of ash. This fact gives additional evidence that timothy hay fed in liberal 
amounts supplies sufficient calcium for normal bone development. 

P48. The Effect of Rations Deficient in Phosphorus and Protein on Ovu¬ 
lation, Estrus and Reproduction in Dairy Heifers. L. S. Pal¬ 
mer, T. W. Oullickson, W. L. Boyd, C. P. Fitch and J. W. 
Nelson, University of Minnesota. 

Low protein is the most striking accompanying characteristic of the low 
phosphorus rations fed to dairy cattle and other ruminants in the phos¬ 
phorus deficient region of Minnesota. An experimental study of the effect 
of tliis dual deficiency on reproduction and associated physiological phe¬ 
nomena in cattle was begun in December, 1933, and continued until August, 
1939. Two heifers, 22 months of age, and nine calves, five to eight mouths of 
age, were placed on rations consisting largely of prairie hay (deficient in 
phosphorus and protein) for periods ranging from 24 to 59 months for the 
different animals. A small amount of grain mixture was also fed consisting 
of two or more of the following ingredients: corn, oats, corn gluten meal 
(low phosphorus) and molasses beet pulp. Except for brief periods or 
during lactation (involving two animals) the daily intake of digestible crude 
protein and phosphorus was quite uniform for each animal, the former vary¬ 
ing among the different animals from averages of 0.42 to 0.75 pounds and 
the latter from averages of 4.9 to 7.8 grams. Consumption of total digestible 
nutrients was also subnormal, due to the deficiencies imposed. The older ani¬ 
mals took on an emaciated, unkempt appearance. The calves grew at a 
subnormal rate; they developed rough coats and were coarse and unthrifty 
appearing, with overdeveloped skulls and undersized bodies. The condition 
of protein and phosphorus deficiency was also shown by (a) the development 
of osteophagia and general pica, (b) low concentration of blood phosphate, 
(c) low retention of nitrogen and phosphorus and (d) subnormal mineral 
content of the bones. 

Sexual activity and behavior were studied by Drs. Boyd and Fitch by 
regular and frequent examination of each animal for physical and psycho¬ 
logical signs of estrum and menstruation, including rectal examination of 
the uterus and the determination of ovulation by palpation of the ovaries. 
It was found that the latter examination made it possible to determine 
ovulation with great accuracy. First ovulation was much delayed in all of 
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the animals, especially in the calves which were undersized, but when it 
began it continued with normal regularity with no instance of retained 
corpus luteum. Frequently, ovulation occurred without any symptoms of 
estrum. Obvious estrum was not always accompanied by “ bulling. M 
Menstruation in the young heifers occurred much less frequently than 
estrum. 

Eight of the nine calves were tested for breeding efficiency after being 
on experiment for periods ranging from 14 to 37 months, the corresponding 
ages being 21 to 42 months. The oldest four animals conceived at first 
service -when 34-42 months old and conception was also normal in the 
younger animals when regular ovulation became established. Ten normal 
calves were dropped although two died during very difficult parturition of 
the youngest two animals which were much undersized. The heifer that was 
the oldest at the time of its successful first service expelled a small mummified 
fetus about five weeks before term after repeated failures to induce abortion 
of the dead fetus; but she conceived again promptly and delivered a normal 
calf. Two of the other older heifers conceived a second time early in their 
first lactation and delivered normal second calves. 

P49. The Effect of Avitaminosis A upon Vitamin C in the Bovine. W. 

A. King, P. H. Phillips, M. E. Nesbit, I. W. Rupel and G. 

Bohstedt, Departments of Biochemistry and Dairy Husbandry, 

University of Wisconsin. 

The previous report which suggested that growing calves suffering from 
a vitamin A deficiency develop a lowered blood plasma vitamin C content 
has been confirmed. In a series of experiments with Holstein calves fed a 
low vitamin A ration it has been found that a reduced plasma vitamin C 
occurs shortly after the symptoms of avitaminosis A appear. The subcu¬ 
taneous injection of crystalline ascorbic acid seemed to alleviate several 
symptoms associated with the lack of vitamin A. A noticeable improvement 
in the rough scaly condition of the hair and skin w r as obtained. In addition 
there seemed to be an attenuating effect upon retinal hemorrhages. 

Calves which received the A-low ration with added crystalline carotene, 
at the rate of 63.3 micrograms per kilogram of body weight per day, were 
less thrifty than those receiving only 35.3 micrograms of carotene obtained 
from alfalfa. Papillary edema occurred in 2 calves which were fed 63.3 
micrograms of carotene. These results suggest that the carotene of alfalfa 
is more readily available to the bovine than crystalline carotene given in oil, 
and that another factor in addition to vitamin A is involved in the preven¬ 
tion of the papillary edema associated with avitaminosis A in cattle. These 
experiments seem to indicate that the lack of vitamin C is in part responsible 
for the condition. 
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P50. Vitamin C in the Nutrition of Dairy Cattle. G. C. Wallis, South 
Dakota Agricultural Experiment Station. 

In the course of our studies on the role of vitamin D in the adequate nu¬ 
trition of dairy cattle some observations were made which indicated a possi¬ 
ble vitamin C deficiency as a complicating factor. In several instances the 
teeth were found to be loose and there was considerable hypotrophy and 
sponginess of the surrounding gum tissue. The incisors showed more loose¬ 
ness than the molars. In one animal the looseness of the incisors was so pro¬ 
nounced that the entire dental pad and teeth could be pushed down like the 
fingers of the hand. A tooth from another animal was found in the manger. 

A study and analysis of the vitamin-D-deficient ration revealed that it 
was also very low in vitamin C. Although it is generally assumed that vita¬ 
min C is not an essential dietary factor for dairy cows it was decided to make 
a further study of this situation as these cows had been on the deficient ration 
for a much longer time than lias usually been employed for vitamin C 
studies. 

Since June of 1939 indopbenol titrations for vitamin C in the milk and 
blood plasma have been made at least twice monthly on eleven cows. Four 
of these were from the vitamin-D-deficient (also vitamin-C-deficient) herd. 
Two others received a ration of alfalfa hay, corn, and oats. The remainder 
were from the main college dairy herd. Of the latter, some were on pasture 
during the summer while the others received only the regular herd ration of 
silage, alfalfa hav, and a grain mix. 

Using all the figures available up to and including March, 1940, the 
cows on the vitamin-D-deficient. ration of beet pulp and a grain mix of corn, 
oats, corn gluten meal, and bone meal, showed an average of 0.309 mgm. of 
vitamin C per 100 ml. of blood plasma; the cows from the main herd aver¬ 
aged 0.320 mgm.; and the cows on the ration of alfalfa hay, corn, and oats 
averaged 0.446 mgm. of vitamin C per 100 ml. of blood plasma. Taking the 
three summer months only, the vitamin-deficient cows showed an average of 
0.366 mgm. of vitamin C per 100 ml. of blood plasma, those on pasture 
averaged 0.249 mgm., and those receiving the regular herd ration averaged 
0.320 mgm. 

The vitamin C studies on the milk showed that for all samples from the 
vitamin deficient cows the average content was 1.75 mgm. per 100 ml. of 
milk. For cows from the regular college herd the average was 1.79 mgm., 
and for the two cows receiving alfalfa hay, corn and oats it was 2.05 mgm. 
Figures for the three summer months taken alone show an average of 1.81 
mgm. per 100 ml. of milk for the vitamin deficient group, 1.80 mgm. for the 
cows on pasture, and 1.77 mgm. for the cows receiving the regular herd 
ration. 

As the level of vitamin C in the milk and blood plasma of the vitamin 
deficient cows was essentially the same as that of the regular herd cows even 
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during the summer season when some of them were on pasture there seems 
to be no evidence that they were suffering from a vitamin C deficiency. 
These observations support the conclusion that dairy cows can synthesize 
Vitamin C and are therefore, not dependent upon a food source for this 
factor. 

P51. Blood Plasma Magnesium in Relation to the Vitamin D Deficiency 
of Mature Dairy Cattle. G. C. Wallis, South Dakota Agricultural 
Experiment Station. 

For approximately the last two years determinations of the blood plasma 
magnesium have been made in connection with our studies on the vitamin D 
deficiency of dairy cattle. Analyses have been made regularly at monthly 
intervals and more often when necessary on eight different animals. Two of 
these animals may be considered essentially normal from the standpoint of 
herd management and the others belong to the vitamin-D-experimental 
herd. A total of 136 magnesium analyses have been made. When these 
figures were averaged by cows the magnesium content per 100 ml. blood 
plasma was found to be as follows: 

Cow 13E—normal herd management . 3.28 mgm, 

“ 150 “ u “ .3.22 ** 

‘ * 4E—vitamin D deficient diet plus cod liver oil supplement . 3.25 * ‘ 

li 6E—Developed vitamin D deficiency during the period of observation 3.27 (i 

** 7E—Dry cow on vitamin D deficient ration throughout. No pro¬ 
nounced vitamin D deficiency symptoms .. 3.58 “ 

‘ ‘ 8E—Developed severe vitamin D deficiency during period . 3.99 * ‘ 

i ‘ 417 —Four months on vitamin D deficient ration. No visible symptoms 3.08 * i 

“ 12E—Developed vitamin D deficiency . 3.84 1 * 

The above information reveals no consistent changes which can be corre¬ 
lated with the development of a vitamin D deficiency. Of the three animals 
which developed a vitamin D deficiency during this period, two of them, 8E 
and 12E, had the two highest average magnesium figures and the other one, 
6E, had one of the lowest figures. 

A further study of the trend of the magnesium values for individual 
animals during this period reveals that these levels of magnesium are typi¬ 
cal for the animals concerned and there was no consistent or significant ten¬ 
dency for the values to become either higher or lower as a vitamin D deficiency 
developed. The general level Of plasma magnesium for the animal, during 
normal periods seemed to continue with considerable uniformity as the 
vitamin deficiency developed and also during the time of recovery. For in¬ 
stance, the average for 6E during the four months of the severest vitamin 
D deficiency was 3.35 mgm. as compared with 3.25 mgm. for the whole 
period. Similarly, 12E showed an average of 4.00 mgm. for the year and 
3.81 for the last three months when the vitamin D deficiency was severe. 
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When she was turned out for sunshine exposure as a source of vitamin D the 
daily magnesium values averaged by 10-day intervals for the next 30 days 
were 4.08, 3.58, and 3.68 mgm. for 100 cc. of plasma respectively. 

In conclusion it may be said that the levels of magnesium per 100 ml. 
blood plasma have been found to be slightly higher for these mature dairy 
cows than is commonly reported for growing animals. The average level 
of blood magnesium does not seem to vary significantly from normal for 
mature dairy cows kept for long periods of time under vitamin D deficient 
conditions even in those cases where the blood calcium and inorganic 
phosphorus may be decidedly subnormal. Neither is there a decided trend 
to higher or lower levels as a vitamin D deficiency develops, nor during the 
period of recovery. 

P52. Vitamin E Potency of Certain Feedstuffs. L. S. Palmer, J. W. 

Nelson and T. W. (iUllickson (with the assistance of B. B. 

Migicovsky and W. W. Kiellev), University of Minnesota. 

Feedstuffs that are naturally deficient in ether soluble substances would 
be expected to be deficient in vitamin E. Other feedstuffs might be ex¬ 
pected to lack E activity because of their nature or the manufacturing 
process employed even though they contain moderate amounts of ether solu¬ 
ble substances. Knowledge regarding the vitamin E potency of both classes 
of feedstuffs should help determine how widely the tocopherols are dis¬ 
tributed in feedstuffs and should be useful in designing rations for the 
experimental production of vitamin E deficiency in the bovine species. 

The more or less standard biological assay procedure for vitamin E, 
using rats, was modified in order to secure a satisfactory result when test¬ 
ing feeds expected to be deficient in the vitamin. Each product was tested 
alone when incorporated in the standard, basal, E-free ration. Some prod¬ 
ucts were tested again in combination with others to determine their additive 
effect on reproduction. Positive and negative control groups of rats were 
employed, the former receiving the basal ration plus wheat germ oil of 
known potency and the latter receiving only the basal ration. Roughages 
as well as concentrates were tested. With the exception of meat scraps, 
fish meal, dried brewers’ grains, hominy and corn bran, the ether extract 
of all products w r as less than three per cent and for some it was less than 
one per cent. 

The following products were found to be sufficiently rich in tocopherols 
to insure normal reproduction in female rats when fed continuously from 
weaning to full sexual maturity, incorporated in the basal, E-free ration in 
concentrations winch would be fed to cattle: Phosphorus deficient prairie 
hay, reed canary grass, wheat straw, rye straw, oat hulls, corn bran, molasses 
beet pulp, corn- gluten meal, blood meal, meat scraps, fish meal, barley, 
hominy, wheat gluten and black strap molasses. The following products 



572 


JOURNAL OF DAIRY SCIENCE 


were found to be too low in tocopherols to insure normal reproduction 
under these conditions although a measure of reproduction efficiency was 
obtained if sufficient amounts were consumed: Corncobs, dried brewers’ 
grains and skimmilk powder. The latter two products did not give any 
reproduction if present as the sole source of vitamin E at less than 20 per 
cent level in the basal ration during the period of feeding adopted for the 
assay. The corncob test was made on the material extracted from the cobs 
by benzene. The following products were found to be either seriously de¬ 
ficient or entirely lacking in tocopherols in our tests: rice straw, corn starch, 
dried potatoes, polished rice and solvent extracted, dried distillers’ grain. 

A less complete study was made of the ability of some of the products 
mentioned to prevent the characteristic testicular degeneration of male rats 
which occurs when they are reared on E-free diets. The basal E-free ration 
containing 30 per cent solvent extracted, dried distillers’ grains and the 
same basal ration in which had been incorporated 40 per cent polished rice, 
32.5 per cent dried brewers’ grains and 15 per cent, skimmilk powder failed 
to prevent such degeneration. 

P53. Carotene Content of Corn Silage. Edward A. Kane, Herbert 6. 

Wiseman, Leo A. Shinn and C. A. Cary, Bureau of Dairy 

Industry, U. S. Department of Agriculture. 

In previous work from this laboratory it was reported that the carotene 
in com silage may vary from 1 to 40 mgm. per kg. of wet weight depending 
upon the condition of the corn plant from which it was made. The average 
for 21 samples of silage, made from corn cut when the kernels were slightly 
dented and before they were fully dented and hard—as is the usual practice 
on the government experimental farm at Beltsville, Md.—was 9.4 mgs. 

The silage fed in the dairy herd at Beltsville has been sampled twice 
daily every day since March 1, 1937. These samples represent as nearly as 
possible the silage as fed to the cows. They have been preserved in an ice 
box until composited monthly and analyzed for carotene. The average caro¬ 
tene content of 30 monthly composites from silage kept in concrete silos, 
made from corn cut as described above, and fed within a year of the time put 
up, was 13.2 mgs. per kg., wet weight. The monthly composites varied from 
4 to 23.7 mgs. The average carotene in the silage fed from March 1 to 
August 23,1937, was 7.5 mgs.; Meigs and Converse had one cow that calved 
during this period that received this silage as her only source of vitamin A. 
Her calf was weak at birth and died 2 days later. A cow similarly fed, 
except that the silage contained 13.6 mgs. of carotene per kg. of wet weight, 
bore a live vigorous calf; whereas another cow receiving silage that for 2 
months before she calved contained 6.6 mgs. of carotene, bore a very weak 
cajf that stood up at 14 hours after birth but was accidentally killed at 2 
days of age by its mother lying on it. These results suggest that silage put 
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up and used as above described may or may not supply enough vitamin A 
for normal reproduction. 

The carotene in the com plant at the time of ensiling has been deter¬ 
mined, and also in the silage at intervals for 2 years. The “ carotene’* 
appeared to increase somewhat when determined by the usual methods, but 
this apparent increase was due to an increase in the amount of colored 
impurity that could be filtered off chromatographically from the real 
carotene. 

P54. Changes in the Amounts of Carotene and Vitamin A and in the 
Composition of Milk Fat in Artificially Induced Mastitis. P. G. 

Miller, E. J. Lease and G. W. Anderson, South Carolina Agri¬ 
cultural Experiment Station. 

A case of mastitis was induced in the left quarters of a young Guernsey 
cow by injections of a suspension of Str. zoocpidcmicus .* Determinations 
of carotene, vitamin A, refractive index, iodine number, saponification 
number, and Keiehert-Meissl number were made on the churned and filtered 
butterfat from the entire milkings individually collected by quarters. These 
determinations were made before infection, during mastitis, during sul¬ 
fanilamide therapy, and for several weeks after treatment. 

Before infection the milk produced on the right and left sides of the 
udder was essentially the same in all properties studied. 

During the ease of induced mastitis the milk from the infected quarters 
(left side) changed markedly as follows: the carotene and vitamin A in the 
fat more than doubled; the amount of carotene per liter of milk almost 
doubled; the fat content of the milk decreased; the total amount of carotene 
secreted in the milk per day decreased rapidly and the milk yield decreased 
to a low level. During the same period, milk from the normal quarters 
(right side) did not change very much, although a slight increase in carotene 
per liter of milk and per day occurred. This increase in carotene was 
probably due to the slight decrease in milk yield of which the fat content 
was higher. The milk fat from the infected quarters had a lower refractive 
index, iodine number and Reiekert-Meissl number and a higher saponifica¬ 
tion number than the milk fat from the normal quarters. 

Sulfanilamide therapy sufficient to eliminate all hemolytic organisms 
from the udder did not significantly affect the fat test or milk yield, but 
markedly decreased the carotene content of the milk fat from both the 
infected and normal quarters. 

Upon recovery from the symptoms of active mastitis, all the various 
properties studied tended to return to normal, however, the milk yield and 
fat test remained low and the carotene of the fat remained slightly high 
from the quarters that had been infected. 

* Isolated and identified from a ease of bovine mastitis by Dr, F. B. Hadley, Divi¬ 
sion of Veterinary Science, University of Wiseonsin, Madison, Wisconsin. 
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Histological examination of the udder tissues, soon after collecting the 
last samples, showed the infected quarters to be very low in active secretory 
tissues and to have a large increase in leucocytes and connective tissue. 

P55. The Effects of Vitamin A Deficiency on the Young Male Bovine. 

T. S. Sutton, W. E. Krauss and S. L. Hansard, Ohio Agricultural 
Experiment Station and Ohio State University. 

Male calves were maintained on a ration low in vitamin A until about one 
year of age. These calves were paired with others of the same age, sex and 
breed for controls. "When slaughtered, tissues were obtained for micro¬ 
scopic examination and assay. The following changes were noted in sub¬ 
stantiation of the reports of Moore and others: constriction of the optic 
nerve, partial closure of the optic foramen, papillary edema, low vitamin A 
content of liver, low blood carotene and kidney degeneration. In addition 
the following changes were noted: Degeneration of the germinal epithelium 
of the testes, absence of spermatozoa in the epididymus, and an accumulation 
of fluid in the cleft between the anterior and posterior lobes of the pituitary. 
A microscopic examination of the anterior pituitary (one case) showed evi¬ 
dence of an extension of the Alpha cell area. An assay of the anterior lobe 
for gonadotropic hormone gave indications of an increase in gonadotropic 
activity. These pituitary changes are comparable to those previously re¬ 
ported in the rat and are believed to represent compensatory activity on the 
part of the pituitary in response to the dietary damage to the testes. 

The practical significance of high vitamin A intake was demonstrated in 
a trial involving 86 male calves to be raised for veals. When a milk fat 
substitute-skimmed milk combination was fortified with vitamin A the in¬ 
cidence of pneumonia dropped from 46.2 per cent to 12.5 per cent. This 
latter incidence rate was comparable to that obtaining in calves fed whole 
milk and was correlated with the amount of vitamin A found in the liver. 

P56. Cerebrospinal Fluid Pressure and Vitamin A Deficiency. L. A. 

Moore and J. F. Sykes, Michigan Agricultural Experiment 
Station. 

In previous publications a type of blindness has been reported resulting 
from a constriction of the optic nerve. This blindness was found to be due 
to vitamin A deficiency. The blindness was preceded by papilledema, 
nyctalopia, incoordination, syncope and a decrease in the carotene content 
of the blood plasma. The presence of papilledema is usually considered 
prima facie evidence of an elevated cerebrospinal fluid pressure and this 
together with some of the other symptoms suggested that elevated pressures 
might accompany vitamin A deficiency in the bovine. 

Therefore, the cerebrospinal fluid pressure was measured on young 
bovine fed a vitamin A deficient ration. The pressure was determined by 
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cisternal puncture through the dorsal opening of the atlanto-occipital ar¬ 
ticulation with the animal in the standing position, using a water 
manometer. 

The results showed that a deficiency of vitamin A in the ration of the 
bovine permitted the pressure to rise from a normal of 90-120 mm. of saline 
up to as high as 300 mm. This increase in pressure was accompanied by 
lowered plasma carotene values, nyctalopia and papilledema. That these 
changes were definitely due to a deficiency of vitamin A was demonstrated 
by the fact that when crystalline carotene dissolved in cottonseed oil was the 
source of vitamin A and was withdrawn from the ration an elevation of 
pressure resulted which returned to normal when the carotene was again 
returned to the ration. The decline in pressure to normal was usually quite 
slow' which confirms previous observations that the papilledema is slow to 
recede. 

Preliminary results with dogs likewise indicate an elevated cerebrospinal 
fluid pressure in vitamin A deficiency although the eye changes are not so 
pronounced. 

P57. The Effect of Carotene Consumption on the Milk Yield of Jersey 
Cows. O. C. Copeland, Texas Agricultural Experiment Station. 

Experiments have been conducted to ascertain the effect on milk yield 
of an inadequate supply of carotene or vitamin A in the ration of recently 
fresh and high producing Jersey cows. The amount of carotene supplied to 
one group of cows w r as 1,500 imerograms of crude carotene per 100 pounds 
liveweight daily, a quantity comparable to that supplied the average dairy 
cow' in the Southwest, during periods of drouth or during periods of feeding 
without pasturage. The other group was fed a daily allowance of 15,000 
micrograms of carotene per 100 pounds liveweight, or an amount more 
nearly adequate with regards to supplying the carotene requirements for 
milk production than is commonly furnished dairy herds of this section dur¬ 
ing periods of drouth, or without green pasturage. 

The results of two experiments using twelve cows in each experiment 
indicate that the milk yield of high producing dairy eow T s can be reduced 
through an inadequate supply of carotene or vitamin A over relatively short 
periods of time, especially during that stage of the lactation period when 
milk production is at the peak. Cows on the higher level of carotene feed¬ 
ing produced approximately ten per cent more milk than the eow r s fed on the 
lower level of carotene. 

P58. The Vitamin A Requirements of Dairy Cows for the Production of 
Butter of High Vitamin A Value. II. Relative Efficiency of 
Carotene (Dehydrated Alfalfa Hay) and Vitamin A. J. W. 

Wilbur, J. H. Hilton and S. M. Hauge, Purdue University. 

In these experiments, the criterion for the measurement of the vitamin A 
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requirements of dairy cows for the secretion of milk fat with maximum 
vitamin A value is based upon the supposition that cows are not able to 
secrete butterfat of maximum vitamin A value until the optimum require¬ 
ments for maintenance and production have been satisfied. Since the 
vitamin A value of butterfat secreted by the cow is dependent on the ration 
fed the cow, it is apparent that whenever cows secrete butterfat of low 
vitamin A value, this is indication of an inadequate supply of available 
vitamin A in the ration. Furthermore, if more potent butterfat is pro¬ 
duced upon increasing the vitamin A intake, this would also indicate that the 
vitamin supply had been inadequate. Only when further additions to the 
rations give no further response in the potency of the butter, is there any 
assurance that a point of saturation has been reached. Thus, the minimum 
vitamin A potency of the ration which will produce the maximum effect upon 
the milk fat secreted should prove to be the minimum vitamin A require¬ 
ment of the cow for the secretion of milk fat of high vitamin A value. 

The procedure in these tests was to reduce the vitamin A activity of the 
milk fat secreted by dairy cows to a low level by feeding vitamin A deficient 
rations. Then in successive feeding periods, definite quantities of vitamin 
A potency were introduced into the rations and the effect on the milk fat was 
determined. When dehydrated alfalfa hay was used as a source of vitamin 
A (carotene) the cows required approximately 550,000 Sherman-Munsel 
units daily to restore the vitamin A potency of the butterfat to its highest 
value. With vitamin A (per se) from 100,000-200,000 units in the ration 
daily were sufficient to effect a maximum vitamin A potency of the inilk fat. 

EXTENSION SECTION 

El. The Nation-Wide D.H.I.A. Proved-Sire Program. J, F. Kendrick, 
Bureau of Dairy Industry. 

The objective of the nation-wide dairy herd-improvement association 
proved-sire program is to improve the inherent producing capacity of the 
nation’s dairy herds, that dairymen may produce milk more efficiently and 
profitably. 

Association herds, which now have a yearly average butterfat production 
of 317 pounds per cow, may be further improved. The animals in these 
herds that have an inheritance for a high level of production may be located 
and their influence may be perpetuated and disseminated throughout the 
general dairy cow population of the nation, -which has a yearly average but¬ 
terfat production of only 170 pounds per cow. The 28,000 association herds 
may serve as a national breeding herd to supply improved breeding stock to 
our national dairy herd of 25,000,000 cows. 

The nation-wide dairy herd-improvement association sire-proving pro¬ 
gram represents the broadest, most comprehensive, dairy-cattle improvement 
program ever to operate in this or any other country. Briefly, the plans call 
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for the eartag identification of all non-registered animals in association herds 
so that a geneological record may be established and maintained for all 
animals in association herds. As the 305-day lactation records of each cow 
are reported, they are permanently recorded so that dam-and-daughter com¬ 
parisons will accumulate for every sire used in association herds. 

At the present time approximat ely 80 per cent of the dairy-herd-improve- 
ment associations of the country are cooperating on the program. Associa¬ 
tion testers are now reporting identification and production records at the 
rate of about 1,300 per day. Up to April 1, 1940, production records had 
been recorded for approximately 300,000 association cows. Dam-and- 
daughter data are now accumulating on about 50,000 sires that have been 
used in association herds. More than 5,000 sires have already been proved. 
As the program goes into full operation, dairymen and dairy leaders are 
being provided with information which will enable them to improve the 
inherent producing capacity of dairy herds. 

E2. The Importance of Selective Registration to the Dairy Industry. 

Lynn Copeland, American Jersey Cattle Club, New York City, 

N. Y. * 

Systems of selective registration have been followed for years in Hol¬ 
land, Denmark, and on the Channel Islands. It is recognized that these 
systems have been important factors in the improvement of the dairy cattle 
in these countries. Even in America selective registration is not entirely 
new for several breeds of livestock have followed selective registration based 
on color markings. However, no system of selective registration for dairy 
cattle based on production has ever been adopted in the past by dairy cattle 
Breed Associations in America. 

The American Jersey Cattle Club in June, 1939, established a system 
of selective registration for Jerseys applicable to males alone and effective 
January 1st, 1942. After that date to be eligible for registration, a bull calf 
must meet certain requirements regarding the production of his immediate 
ancestry. A bull calf may be registered if the dam has completed a produc¬ 
tion record meeting certain requirements. If the dam has no record, the calf 
may be registered if sired by a good proved bull. If this qualification is not 
met, a calf may be registered, if sired by a bull that has sufficient proved 
production in his pedigree to qualify for one of the Star awards of the 
American Jersey Cattle Club. 

Approximately ten-thousand new registered Jersey hulls are required 
annually to meet the demand of the breed. However, these bulls are bred by 
about 4000 of the approximately forty-thousand breeders of registered Jer¬ 
seys in milk today. The new requirements should not adversely affect any 
Jersey breeder and it is hoped that the new program of selective registration . 
will help give more recognition to Registration Certificates in the future. 
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E3. Utilization of Proved Sires and Sons of Proved Sires. Floyd 
Arnold, Iowa State College. 

The national program of identification and the reporting of production 
records to the U. S. Bureau of Dairy Industry, has greatly speeded up the 
program of proving sires throughout the United States. In Iowa for ex¬ 
ample during January, February and March records were received for 
134 bulls. This was more than for any full year prior to 1939. The 1940 
list of sires proved in Dairy Herd-Improvement Associations throughout 
the United States contains the names and records of more than 3,000 sires. 
These were tabulated in the 12 months preceding April 1, 1940. 

It is not enough, however, to just compile proved sire records. Plans 
for keeping promising young bulls in service until proved and for extending 
or expanding the use of the good proved bulls should be developed and 
carried out. At the present time less than one sire in four—23 per cent— 
is alive when proved and of the living proved sires less than half—40 per 
cent—have shown a significant increase—25 pounds—in the production of 
their daughters over their dams. Sixty per cent of the living proved sires 
have maintained or increased the production through their daughters but 
only 45 per cent had daughters averaging over 400 pounds butterfat. 

It is evident, therefore, that only about 1 sire in 8 is alive when proved 
and, as indicated by the production of his daughters, worthy of further use. 
The number is further reduced in practice because not all of the bulls that 
transmit satisfactory production do the same for type and are eliminated 
on this account. 

The possibility of extending or expanding the use of proved sires is 
further complicated by the fact that by the time they are proved, their 
years of usefulness are numbered. A few sires—2 per cent—are proved 
before 6 years of age but an even greater number—3 per cent—are over 12 
years. Sixty per cent of the bulls proved are between the ages of 7 and 9 
years. The average age of the sires alive when proved is 8 years. According 
to Lush and Lacy the life expectancy of 8 year old bulls is 2.2 years. For 
6-year-old bulls it is 2.7 years and for 10-year-old bulls it is 2 years. 

An indirect way of extending the use of proved sires is through their 
sons and in this way probably more can be done than in any other. Obser¬ 
vations made in Iowa show that Dairy Herd-Improvement Association mem¬ 
bers consider this a real possibility. The number of sons of proved sires in 
service grew from 93 in 1935 to 222 in 1938. The number in service in 
1938 was 14 per cent of the total number. Many grandsons of proved sires 
(312) were also in service. Evidence indicating that sons of the better 
proved sires are most in demand was also noted in Iowa. Forty-seven 
proved sires with sons in service had 532 daughters averaging 438 pounds 
butterfat and they were from dams averaging 424 pounds butterfat. This 
is considerably above the average. 
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It is evident from the foregoing that there is little chance of increasing 
the use of proved sires except through their sons or programs designed to 
prove bulls at an earlier age and to keep them in service until proved. Bull 
studs, bull associations and artificial breeding societies offer the greatest 
possibilities. Much can be done also through bull record-book projects, 
better sire contests, sire exchange and meetings at which sire problems are 
discussed. 

E5. Observations in the Care and Management of Dairy Bulls, R. R. 

Welch, Pennsylvania State College. 

The increasing interest in proved sire system of breeding calls for a 
greater knowledge of proper feed and care and management of dairy bulls 
that will assure a long life and satisfactory service of the superior sire. 

Freedom and exercise of the bull is perhaps of greatest importance. Some 
have resorted to the use of mechanical means for exercising the bull. Such 
methods are not practical for the farmer breeder. Large exercise yards that 
furnish pasture in summer and year around day and night freedom of the 
bull is proving most satisfactory in Pennsylvania. Bull pens should be 
loug and narrow. 

There is a lack of knowledge, based on experimentation, on feeding the 
bull. 

Why do some bulls fail to breed while other bulls kept under similar 
conditions continue satisfactory service for many years? 

Why do some bulls fail to breed after being moved while others do not? 

Some bulls become temporarily sterile, and later become satisfactory in 
service—why ? 

E8. Suggestions for Making Better Use of D.H.I.A. Feed Records. 

R. G. Connelly, Virginia Polytechnic Institute. 

Dairy herd improvement association data may be divided into four 
classes: first, those vital data that establish the identity of the cattle; second, 
those data that indicate the milk and butterfat production; third, those data 
that refer to the type, quantity, and quality of feed; fourth, those financial 
data that establish the value of the milk in relation to the value of the feed. 
Taken in their entirety, these data furnish a practical basis of sound dairy 
herd mangement and improvement. 

When these data are used, extension dairymen place varying degrees of 
emphasis upon the four classes. The present tendency is to give special 
attention to the cattle identification and production data as a basis for 
measuring the inherent milk-producing qualities of related cattle. Less 
emphasis seems to be placed upon the feed and financial data, giving to the 
dairy herd improvement association program the semblance of unbalance due 
to over-specialization in one direction. 
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The proving of bulls, the identification of brood-cow families, and the 
general marshalling of genetic facts pertaining to the inheritance of milk- 
producing ability in cattle have created a great and encouraging change in 
tlie conception of practical dairy cattle breeding. The economics of a bal¬ 
anced program of dairy herd improvement and dairy farm management, 
however, suggest the need for attention to all classes of dairy herd improve¬ 
ment association data in order to establish the real environmental values 
under which efficient herds must be bred, dairy farms must be operated, and 
net profits must ultimately be determined. There seems to be a pre¬ 
vailing need for more exact and better standardized methods for collecting, 
analyzing, and utilizing, feed, production cost, and other types of dairy herd 
improvement association data that may contribute to a better understanding 
of the many interrelated factors that contribute to successful dairy farming. 

Experience with dairy herd improvement association records in Vir¬ 
ginia suggest: First, that the feed, financial, and production data, can be 
assembled with a degree of accuracy and completeness that will permit a 
detailed analysis of each association’s herd books at the end of the record 
year, thereby furnishing a basis for constructive adjustments in the manage¬ 
ment of the herds and farms of the members. 

Second, that when correlated with the production records, the feed and 
cost data may provide a rather accurate basis for measuring trends in pro¬ 
duction, efficiency, and in gauging the effects of changes in operating methods 
in the herd and on the farm. 

Third, that the data pertaining to feed consumption, feed costs, and 
fluid milk values can be assembled to establish a fair basis of appraisment 
when indemnities are determined for»cows reacting to the Bang’s disease and 
tuberculosis tests. The same data may be used when it is necessary to deter¬ 
mine the earning or collateral value of the herd when establishing a basis for 
financial credit. 

Fourth, that the data pertaining to feed consumption, feed costs, and 
fluid milk values may be used with supplemental survey data as dependable 
testimony before a state milk commission in determining a fair price for fluid 
milk on the farm. 

E9. Accuracy and Use of D.H.I.A. Feed Records. C. G. Cushman, 
Clemson Agricultural College. 

It is axiomatic that if feed records obtained through Dairy Herd Im¬ 
provement Association work are to be of any value to the participating mem¬ 
ber or of any safe value in extension teaching they must be correct within 
reasonable limits of human error and judgment. It is to be expected that 
testers will make mistakes both figurative and mistakes of judgment in view 
of the facilities available to them on the farm for making accurate computa¬ 
tions. There are three general types of error. First, the error in and 
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tendency to make estimates which can vary widely from fact; secondly, 
errors in computations which resolve themselves into costly omissions and 
pure mistakes in simple arithmetic; and third, errors due to a natural lean¬ 
ing of the tester toward the conservative side in his eagerness to please his 
member with commendable results. 

A system of analysis of monthly reports which entail auditing of the 
monthly reports at the state office and which results in a running chart will 
show to a trained clerical worker a great many errors. This basic work gives 
opportunity for annual analyses of yearly reports which develop a great mass 
of superior educational material. There is no educational material more 
powerful than accurate and dependable records developed by farmers them¬ 
selves. Such records cover a wide range of conditions 'which are, and always 
will be, met by farmers and which Experiment Stations cannot hope to cover. 
Thus Experiment Station material, which forms the basis for improvement 
in practices, must depend upon accurate farm records to adjust Experiment 
Station results to varying farm conditions. Superior germ plasm in dairy 
cattle can be of advantage to the dairy farmer only if his management prac¬ 
tices are sufficiently expert to make the most economical use of it. 

Accuracy in D.H.I.A. feed records, therefore, plus full and adequate use 
of the lessons these records can reveal become of paramount importance. 

E10. A Method for Determining Feeding Levels in Dairy Herd Im¬ 
provement Association Herds. W. T. Crandall, Cornell Uni¬ 
versity. 

At the end of the dairy herd improvement association record year it is 
important to know whether the production of the cow r s in herds is really 
representative of their true inherent ability. Cows supplied w-ith amounts 
of nutrients below their needs will either produce on a level with those nutri¬ 
ents rather than on the level of their ability, or run down badly in physical 
condition. Cows fed more nutrients than are theoretically needed for main¬ 
tenance and the work they do are likely to either produce inefficiently or to 
put on excessive body weight, particularly if heavy rates of grain have been 
fed. 

The same method as outlined for use in determining feeding levels during 
a yearly period may be used to check on the adequacy of feeding methods for 
any one month. 

INFORMATION NECESSARY FOR DETERMINATION OF FEEDING LEVELS 

In order to determine the feeding level of a herd for a yearly period the 
following information is needed on the average of all the cows in the herd: 

1. Live weight at start of year to determine the T.D.N. required for 
maintenance. 

2. Physical condition at start and close of year to indicate loss or gain 
during the year. 
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3. Yearly milk production, and butterfat test to determine the T.D.N. 
required for production. 

4. Amount and quality of all feeds fed during the year to determine the 
T.D.N. supplied for maintenance and production. 

The Morrison Feeding Standard for dairy cows is used in determining 
T.D.N. requirements. In determining the T.D.N. supplied by feeds, the 
standard average analyses are used for grain and for succulent roughages, 
but dry roughages are figured on an estimated productive nutrient basis. 

DETERMINING PASTURE YIELDS 

In order to get a worth while estimate of the pasture yield of nutrients, 
a table giving the probable daily nutrient consumption of cows of varying 
weights on pastures of different qualities is used. Dairy herd improvement 
association testers report the quality of pasture each month as excellent, 
good, fair or poor and a weighted average is made for the season. 

RATING THE FEEDING LEVEL OF A HERD 

The rating on the feeding level of a herd is made after taking the follow¬ 
ing into consideration. 

1. The amount of plus or minus T.D.N. supplied in feed as compared to 
those required for maintenance and milk production. 

2. The rate of grain fed to milk produced. 

3. The physical condition of the herd at the end of the year as compared 
with their physical condition at the start of the year. 

A STANDARD pF GOOD FEEDING 

A herd has been well fed when on the average the cows in the herd are in 
good physical condition at freshening time, maintain normal milk curves 
and fair physical condition during a ten months’ milking period and regain 
good physical condition again before freshening. 

Heavy feeding. 

1. T.D.N. supplied are 1000 pounds or more over needs. 

2. Rate of grain to milk much higher than average rate for breed with 
usual roughage feeding. 

3. High physical condition of cows. 

Good feeding. 

1. T.D.N. supplied are from 200 pounds below to 1000 pounds above 
needs. 

2. Rate of grain to milk is average for the breed with usual rates of 
roughage feeding and below average with heavy rates of roughage feeding. 

3. Physical condition good or fair at both start and finish of year. 

Fair feeding. 

1. T.D.N. supplied are within 500 pounds of needs. 
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2. Rate of grain slightly below average for breed considering rate of 
roughage feeding. 

3. Physical condition of cows lower at close of year than at the start. 
Poor feeding, 

1 T.D.N. supplied 1000 pounds or more below needs. 

2. Rate of grain to milk very low for breed* 

3. Physical condition much lower at close of year than at start or poor 
both at start and close. 

4. Size of cows usually decidedly below average for breed. 

The value of this feeding level analysis depends on the care which testers 
take in making feed reports in respect not only to the amounts of feed fed 
but to their quality. In instances where the analysis of a herd is of partic¬ 
ular importance or where questionable results are obtained, an additional 
check on the feeding level is made from the testers’ monthly reports on that 
herd by correlating the maintenance of daily milk production by months with 
the per cent of cows milking. The way in which cows hold up to normal milk 
production is a good indication as to whether or not a satisfactory level of 
feeding was maintained throughout the year. 

E12. Display of Extension Teaching Ideas. E. C. Sciieidenhelm, Michi¬ 
gan State College. 

The extension section will again have an exhibit of extension teaching 
ideas. 

Missouri will display three film strips. One will deal with quality of pro¬ 
duction, a second with methods of feeding, and a third with genetic informa¬ 
tion. 

South Dakota will have a series of three charts which present facts to show 
how to decrease production costs through feeding methods. 

Nebraska will portray the method used in making the junior bull ring 
project successful. 

Iowa will display leaflets used in interesting people in keeping D.H.I.A. 
records. 

Michigan will show their method of informing dairymen more fully about 
the proof on their herd sires. This will include letters to the dairymen, 
testers and county agricultural agents. 

Other states indicating that they would exhibit but not reporting a 
subject were Wisconsin, Indiana (Purdue), Kansas, Texas, West Virginia, 
South Carolina, Alabama, and Tennessee. 

B13. Type Classification Committee Report. Jas. W. Linn, Kansas State 
College. 

The objects of the program are: 

A. To offer a means of teaching individuality of animals. 
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B. To assist breeders in analyzing their herds from a type standpoint 

C. To be used as a means of furnishing additional information on 
proved bulls. 

The program can be applied only to identified herds that are, at least, in 
their second year of dairy herd improvement association testing or to 
herds on breed association herd test. 

The type rating shall be done by recognized official judges such as college 
professors, extension dairymen, or county agents with special training. 

A. A state committee to approve judges for this work consisting of 
the head of dairy department, extension dairymen, and one active breeder to 
be selected by the above. 

E14. Clinics for Dairy Herd Improvement Association Fieldmen. A. J. 

Cramer, University of Wisconsin. 

A total of 41 clinics or “check-up” schools for Dairy Herd Improvement 
Association fieldmen were held in 23 Wisconsin counties during 1939. These 
clinics for fieldmen were planned to give a review of the work required of 
the men in our dairymen’s service program. 

Where there are 3 or more associations within a county, it is our aim to 
hold at least two schools during the year. These 3 hour afternoon schools 
are held to give instructions to both beginners and experienced fieldmen. 
We use the more experienced fieldmen to serve as examples to the new men; 
they give their experiences of work with association members. 

These meetings are held in the county agent's office, where field problems 
are discussed and threshed out. On the morning following the clinics, the 
supervisor inspects the work of the newer fieldmen on the farm while taking 
samples of milk, testing the milk, weighing the feed and ear tagging the 
new calves and cows. We also supervise the work done in the members' 
herd book, on feed sheets, barn feeding sheets, monthly report forms, 
identification and lactation sheets. 

At some clinics the state supervisor invites the D.H.I.A. officers and 
directors to join the fieldmen and county agent. The significant thing 
about these clinics is that the farmers contribute a good many ideas to the 
group. The officers give methods of keeping farm account records and their 
ideas of the services they expect of the fieldmen. We help those fieldmen 
who are slipping and those who do not thoroughly understand their 
requirements. 

The farmers and fieldmen gather around a large table so the discussion 
is informal. This brings about the exchange of ideas, and new practices 
are carried back to the farm by the fieldmen. 

As a result of these fieldmen clinics, we supervisors save the state time 
and travel money by concentrating our effort where it is most needed. The 
clinics arranged with the cooperation of A. 0. Follett, who supervises ,the 
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field work for Farm Account record keeping. We arranged to travel 
together in one car and saved the expense of running a second car. 

E15. 4-H Dairy Programs, Requirements and Recommendations. H. A. 

Willman, Cornell University. 

A detailed 4-H program which will apply fully to all sections of one state 
or to the entire country, probably cannot be set up. The problems in con¬ 
nection with 4-H Dairy Club Work differs too widely between states and 
counties and often within boundaries. 

A dairy program involving requirements and recommendations is, there¬ 
fore, a large one. It composes several phases of work, each of which must 
be emphasized. The direction of too much attention to one single phase of 
work such as exhibiting will not lead to the greatest results and in the long 
run may lead to serious mistakes, disaxipointments and a lagging of interest. 
A xnogram must be well balanced to bring about the type of improvement 
which boys and girls and our dairy business needs. Of necessity, programs 
should include a study of the surest methods of making progress in develop¬ 
ing herds and all 4-H members should have an opportunity to take part in 
such activities or contests as Exhibiting, Records and Record Keeping, 
Judging, Showmanship and Demonstration team work. 

Rather than to lay down too many rules and regulations, I believe we 
should in our 4-H dairy work take more boys and girls where they are and 
with the animals which they may have or usually can secure rather than 
to require that they start at a point which annually deprives many youths 
from 4-H club opportunities and benefits. Four-H dairy work should be 
made educational rather than regulatory in nature, therefore, I prefer to 
use the term recommend or urge rather than to make requirements which 
are often difficult to enforce. As a matter of fact, I believe that we might 
well under emphasize the word purebred if necessary in order to keep before 
the minds of 4-II club members, local leaders and parents, the importance of 
known ability in the selection and breeding of 4r-II cattle. 

For instance in our own state, we have not attempted to make any par¬ 
ticular requirement regarding records and record keeping, but have at¬ 
tempted to make it a very important and definite part of the entire 4-H dairy 
program. As a matter of fact, we offer special incentives for this phase of 
work as well as for exhibiting and as a result we are getting an excellent 
response from the boys and girls. A short time ago a study was made of 
some of the 4-H records which were secured from the members in ten 
organized dairy clubs in which the following information was secured. 
These reports indicated that 221 members owned 598 head of cattle, 93 per 
cent of which were purebreds, 36 per cent of the cattle were in production, 
91.6 per cent of those in production were on test, 66.5 per cent of those in 
production had completed one or more records averaging 354 pounds of fat 
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and 70 per cent of all 4-H cattle were selected from ancestry of known 
production. While this situation does not represent a cross section of the 
standard of dairy club work, it does suggest that better dairy work can be 
done. Four-H dairy work is built on the principle of herd improvement. 

In the long run, a well rounded program will help us most not only in 
effectively attaining the general aims and purposes of 4-H club work but 
also in bringing about the type of improvement which the dairy business 
needs most. 

E17. An Extension Program in Quality, J. M. Jensen, Michigan State 
College. 

The Michigan State College Dairy Extension section has for its objective 
a quality program that involves the producer, manufacturer, and consumer 
in an approach to improvement of cream, butter, milk, and cheese. 

Cream improvement is aimed at establishing grading practices and pay¬ 
ment by grade. This is developed through educational meetings and demon¬ 
strations with farm groups, also through cream grading demonstrations 
with creameries. 

Butter improvement is developed through a buttermaker’s proficiency 
contest. The buttermaker is graded on his skill in scoring, analyzing and 
controlling fat and yeast and mold content. Technical meetings and 
scoring contests for creamery operators and buttermakers serve as a means 
of improving buttermaking operations. 

The quality improvement program for milk is designed to assist the local 
sanitarians with promoting a better understanding by the producer of the 
need for quality milk, with interpretation of quality tests and with informa¬ 
tion in production problems. The microscope has been employed in making 
analysis of the milk supply in different areas with records kept of the analy¬ 
sis from one year to another. Assistance is given to producer distributors 
in designing and equiping milk pasteurizing plants. 

Cheese improvement consists mainly in demonstration of quality tests on 
the milk supply, followed by the development in one county of a continuous 
quality improvement program that is conducted jointly by all the cheese 
factories in the county, with some financial assistance contributed by the 
county board of supervisors. 

Consumption improvement consists partly in developing organized effort 
in the counties for furthering local usage of all dairy j>roduet$. Demon¬ 
strations in food value and in evaluation of quality in dairy products before 
home economics groups, dairy and food councils and general consumer 
groups have been employed. F.F.A. judging of dairy products has been de¬ 
veloped with the assistance of members of the dairy staff and the vocational 
education departments. 
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EFFECT OF HEAT AND pII ON THE INACTIVATION OF* 
RENNIN IN WHEY 

EARLE B. STRUBLE and PAUL F. SHARP 
Department of Dairy Industry, Cornell University , Ithaca, N. Y. 

INTRODUCTION 

As a prerequisite to the study of some of the properties of para¬ 
casein, a study of the conditions under which the rennin could be inac¬ 
tivated immediately after the para-casein was produced was begun, so 
that materials in which the rennin had been inactivated would be avail¬ 
able for study. The desirability of inactivating the rennin is evident 
from the demonstrations that it is involved in the ripening of cheddar 
cheese, and particularly in view of the evidence presented by Barthel, 
Sandberg and Ilaglund (1) that the rennin used to coagulate milk in 
cheese making remains active in the cheese for at least 8 months. 

The present paper reports the results of experiments on the inactiva¬ 
tion of rennin in whey in which advantage was taken of the destructive 
effect of heat and pH. The results point to conditions under which ren¬ 
nin could be inactivated with a minimum of alteration of the constituents 
of the milk, particularly the proteins. 

Loreher (5) in his extensive study of the effect of salts, acids and alka¬ 
lies on rennin, found that alkalies were more destructive than acids. 
Numerous other workers have obtained similar results. Miehaelis and 
Rothstein (8) concluded that the rate of destruction of rennin (from 
pepsin) could be expressed by the following equation: 

-vf = kx 3/2 (OH)‘ 
dt 

Where x is the amount of rennin present at the time t, OH is the hydroxyl 
ion concentration and k is a constant. Experimental verification of the 
equation was limited to the region from pH 6.3 to 7.3. They concluded 
that peptic activity was destroyed at the same rate as the rennin activity. 

Konig (4) and others have demonstrated that the concentration and 
environment of the rennin exert a profound influence upon the rate of 
its inactivation by heat. 

EXPERIMENTAL 

Milk was adjusted to pH 4.6 with normal HC1, the casein removed, 
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the whey heated for some time in a steam heated oven and filtered. Vari¬ 
ous amounts of HC1 or NaOH were added to 200 ml. amounts of the clari¬ 
fied whey, the whey was warmed to the desired temperature, and 1 ml. of 
Hansen’s commercial rennet extract was added. At 2, 6, 10, and 14 min¬ 
ute intervals samples of the heated whey were removed, quickly cooled and 
the pH was adjusted to 6.0 - 6.5, using broin eresol purple as an indicator. 
One ml. was then added to 20 ml. of milk held at 40° C. and the time 
required for the formation of flocks was recorded. Reconstituted dry skim 
milk was used to determine the coagulating time. Previous to its use for 
testing 2.5 ml. of CaCl 2 solution (378 grams of CaCh per liter) was added 
to each 100 ml. of milk. The CaCl 2 lowered the pH of the milk from 6.57 
to 5.68. After the whey was heated for 14 minutes its pH was determined 
at 25° C. The results are presented in figure 1 and table 1. 



Fig. 1. Belation between temperature, pH and time of heating on the inactiva¬ 
tion of commercial rennet extract heated in whey. The milk-coagulating power (time 
in minutes) of the whey after heating and cooling was used as the measure of 
inactivation. 

The curves indicate a zone of maximum stability which centers at pH 
4.0. The mid-line of the zone can be calculated from the data in table 1 
by taking one-half the sum of each pair of values. The curves are nearly 
symmetrical with respect to an ordinate drawn through this pH. As the 
temperature of heating is increased and the time of heating is lengthened 
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TABLE 1 

pH values, on the acid and alkaline side of the most stable zone, at which rennin activity 
was reduced 95 per cent by heating for the times and temperatures given. Below 
the acid and above the alkaline pH values given , inactivation of 
rennet is practically complete 


Time of 
heating 
in whey 

49° C. ( 

Temperature at which rennin was 

heated in whey 


120° F.) 

54° C. (130° F.) 

63° C. (145 n F.) 

70° €. 

(158° F. 

acid 

alk. 

acitl 

alk. 

acid 

alk. 

acid 

! alk. 

minutes 

pH 

pH 

pH 

pH 

pH 

pH 

pH 

j PB 

2 

0.8 

7.1 

1.1 

6.9 

2.0 

5.9 

2.8 

i 5.1 

0 . 

0.9 

7.0 

3.3 

6.7 

2.1 

5.8 

3.0 

! 4.9 

10 

1.0 

0.9 

1.4 

0.6 

2 2 

5.0 

3.2 

j 4.8 

J4 

3.2 

0.8 

1.6 

6.4 

2A j 

5.5 

3.3 

* 4.7 


the zone of maximum stability (minimum coagulation time) is narrowed. 
The change from minimum destruction to complete destruction which 
occurs on both sides of the zone of maximum stability takes place within 
a pi I range of about one unit. The coagulation time may change from 
the minimum time of about 7 minutes to no coagulation after several hours 
by an alteration of about one pil unit. Rennin was heated at pH 4.3 in 
whey for 2 minutes at 70° C. with practically no inactivation, but was 
completely inactivated at pll 5.3 or above by the same heat treatment. At 
the lower temperatures a broad zone of pH was found in which no appre¬ 
ciable destruction occurred in the time intervals studied. When inactiva¬ 
tion due to altering the pH begins, the effect, is a function of a rather high 
power of the altering 11 or 011 ion concentration. 

Arbitrary equations were developed which are in general agreement 
with the experimental data. When they were extrapolated to 25° and 
0° C. the predicted and the experimental results did not agree satisfac¬ 
torily. Apparently temperature, time of holding and pH do not bear the 
simple relations!iip to one another at 25° 0. or below that they do at 
50° C. and above. 

The zone of maximum stability for rennin is usually given as consid¬ 
erably higher than pH 4.0. This difference may be due to various causes 
such as difference in the composition of the liquid in which the rennin is 
lielcl, the time and temperature of heating, or the source of the rennin, 
Holwerda (3) found the maximum stability in 10 per cent sodium chloride 
and 2 per cent boric acid to be from pH 5.3 to 6.3. Michaelis and Roth- 
stein (8) conclude that rennin is stable below pH 6.0. Van Dam (11) 
found that pH values near the neutral point were destructive and that the 
composition of the solution was important. Michaelis and Mendelssohn 
(7) concluded that the optimum pH for rennin action was about 6.0 to 
6.4. Lundsteen (6) found the optimum pH to be 5.4. 
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In conjunction with determinations of the loss in milk-coagulating 
power of rennet, tests for pepsin activity were made using the method of 
Giitzner (2). Professor Sumner (9) kindly supplied the Carmine-Fibrin. 
The original rennet showed only slight pepsin activity as indicated by this 
test. After the coagulation power of the rennet was destroyed, no pepsin 
action was indicated during 24 hours holding with the Carmine-Fibrin 
when compared with a heated blank. These results are in agreement with 
the observations of Miehaelis and Roth stein (8) that alkalies destroy both 
the coagulating and the peptic power of the rennet, and with the observa¬ 
tion of Tauber and Kleiner (10) that ronnin can be prepared which pos¬ 
sesses little pepsin activity. 

Barthel, Sandberg and llaglund (1) in their tests of the milk-coagu¬ 
lating power of extracts obtained from cheese after various periods of 
ripening found that extracts from Swiss cheese did not coagulate milk, 
whereas extracts from cheese of other varieties possessed milk-coagulating 
power. Sweet rennet curd is heated in the whey to 50-60° C. in making 
Swiss cheese. The curd of Gouda, Cheddar and other types of cheese is 
usually heated to lower temperatures, and the maximum temperature is 
attained only after considerable acidity has developed in the curd as a 
result of lactose fermentation by the lactic acid-producing bacteria with 
which the milk is inoculated. The data in figure 1 are in agreement w T ith 
the findings of Barthel, Sandberg and llaglund and indicate the rather 
narrow limits between the destruction of ronnin in Swiss and its survival 
in Gouda cheese. Their findings for destruction of rennin in the curd are 
in agreement with ours for destruction of rennin in whey. 

summary 

The zone of maximum stability of the milk-coagulating power of com¬ 
mercial rennet extract, when heated in whey to 49° C. or above, centers 
at pH 4.0. The pH-inactivation curves at the temperatures of 49° to 
70° C. are nearly symmetrical both above and below pH 4.0. In the re¬ 
gions where alterations in pH accelerate inactivation, an alteration of one 
pH unit includes approximately the complete inactivation effect. 

No peptic activity could be demonstrated, using the carmine-fibrin test, 
in solutions in which the rennin activity had been destroyed. 

The data indicate that normal amounts of rennet can be inactivated by 
holding at 50° C. for 14 minutes at pH 6.8 to 7.0. 
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THE RELATIONSHIP BETWEEN THE MELTING TIME OF 
BUTT ERF AT AND ITS MELTING POINT 

WILLIS D. GALLUP and A. II. KUHLMAN 

Departments of Agricultural Chemistry Research and Dairying . Oklahoma 
Agricultural Experiment Station, Stillwater, Olcla. 

A rapid and convenient method for the determination ot* the melting 
time of butterfat was described in a previous paper from this laboratory 
(1). Essentially, the method is to determine the time required for a 25 ml. 
sample of butterfat at an initial temperature of 0° C. to melt and form a 
clear liquid when placed in a temperature-controlled water bath at 45° C. 
The test supplemented with hardness determinations (2) was designed for 
stinlying the “standing up” quality of butterfat at moderately high tem¬ 
peratures,- a quality which, despite its general commercial importance, has 
not been subjected to accurate measurement. 

Several modifieat ions of the proposed method appear possible, and 
would, no doubt, prove advantageous for routine work in which application 
of the test is made to fats and oils other than butterfat. For example, the 
temperature at which the molting time is to be determined might be raised 
or lowered in accordance with the melting point of the fat under investi¬ 
gation. Temperatures of 0° C. for chilling and 45° 0. for melting have 
been found most suitable for butterfat. The melting time might be pro¬ 
longed hv substituting an air bath for the water bath. The latter change 
would be desirable in handling small samples of fat and an added con¬ 
venience in observing changes of consistency during melting. Expression 
of results would necessarily need to be made in terms of a standard fat or 
oil having a constant melting time under the temperature conditions 
selected. 

Chemical and physical constants, particularly the melting point, give 
some indication of the capacity of a fat to stand up at room temperatures. 
Occasionally, in the past, melting time has been studied by exposing 
standard blocks of butter or butterfat to a warm atmosphere and observing 
the condition of the samples at hourly intervals. This method of study, 
although capable of revealing marked differences between samples, especi¬ 
ally when supplemented with photographic records, is time-consuming and 
does not allow* for accurate measurement. 

EXPERIMENTAL 

In order to study the relationship between tlie melting time of butterfat 
and its melting point, melting time determinations have been carried out 
on a large number of samples having high, medium, and low melting points. 
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The possibility that melting time might be calculated with reasonable 
accuracy from melting point values, or vice versa, seemed likely. 

The butterfat samples were handled in the usual manner, the butter 
being melted at 60° C., centrifuged and filtered, and kept in the dark in 
glass jars at 0° C. These samples were representative of the butterfat pro¬ 
duced by individual cows of Ayrshire, Guernsey, Holstein, and Jersey 
breeds. The cows received experimental and control rations of varied com¬ 
position. The melting point determinations were made according to the 
Wiley method as described in the A.O.A.C. methods (3). The melting time 
determinations were made according to procedures previously described (1). 

RESULTS AND DISCUSSION 

Table 1 gives the results obtained in which variations of 0.1° C. were 
allowed in melting point determinations and 15 seconds in the melting time 
determinations. These results are presented graphically in figure 1, in 
which average melting time is plotted against melting point. 

The figures in table 1 show that there is considerable variation in the 
melting time of butterfat samples having the same melting point. In some 
instances this difference in melting time between samples amounts to over 
3 minutes. This variation is greatest among samples having high melting 
points, 35°-37° C., and may be accounted for, in part, by the difficulties 
encountered in making accurate melting time determinations at a tempera¬ 
ture only slightly above the melting point of the sample (1). The last 
column of table 1 gives the values obtained when the average melting time 
in minutes, is subtracted from the melting point, in degrees C. It is note¬ 
worthy that these values which fall between 20.2 and 21.5 vary only slightly, 
the average value being 21.1. 


TABLE 1 

Melting time of butterfat samples having melting points between 30J2° C. and 37.5° C. 


Number of 
samples 

Melting 

point 

j Melting time 

Difference* 

Mini in uni 

Maximum 

Average 


°C. 

min. 

mm. 

min. 


3 . 

30.2 

9.00 

9.25 ; 

9.00 

21.2 

3 ... 

31.0 

9.00 

10.25 

9.50 

21.5 

3 . 

31.3 

9.25 

10.75 

9.75 

21.5 

4 . 

31.7 

9.50 

10.75 

10.25 

21.5 

7 . 

32.3 

10.75 

11.50 

11.25 

21.0 

8 . 

32.5 

10.50 

12.00 

11.25 

21.2 

5 . 

33.0 

11.00 

12.50 

11.75 

21.2 

a .. 

33.5 

11,00 

13.25 

12.25 

21.2 

6 . 

34.0 

12.75 

13.25 

12.75 

21.2 

10 . 

34.5 

12.75 

14.50 

13.50 

21.0 

10 . 

35.3 

13.25 

16.75 

14.75 

20.5 

11 . 

35.6 

14.00 

16.75 

15.00 

20.6 

8 . 

36,5 

14.25 

17.50 

10.25 

20.2 

4 . 

37.5 

15.50 

18.75 

17.25 

20.2 


* Melting point in degrees C. minus average melting time in minutes. 
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It appears, therefore, that the melting time of butterfat may be esti¬ 
mated from melting point data,—in the present experiment, by subtracting 
21.1 from the melting point. The melting time ma}* be more closely approxi¬ 
mated by use of the curve in figure 1, the points on the curve representing 
average values taken from table 1. Only two points, those at 32.3 and 
32.5° C. lie outside the smoothed curve. 



Fig. 1. Curve showing relation between melting point and melting time. 

The foregoing discussion is made with full knowledge that the calcula¬ 
tions are applicable only to melting time data secured under the experimen¬ 
tal conditions as previously described (1). There is reason to believe that 
any change in these conditions which might effect a change in melting time 
would not alter the order of the results and that a direct relationship 
between melting point and melting time would still be evident. 

SUMMARY AND CONCLUSIONS 

Determinations were made of the melting time of butterfat samples 
having a wide range of melting point values. 

Melting time was found to be roughly proportional to melting point 
Under the experimental conditions employed, the average melting time 
(expressed in minutes) of all samples was between 20.2 and 21.5 points 
lower than their actual melting points (expressed in degrees C.). 

By means of a curve the melting time of butterfat samples can be closely 
approximated from melting point determinations. 
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OXIDIZED FLAVOR IN MILK: II. THE RELATION OF OXIDA¬ 
TION-REDUCTION POTENTIALS TO ITS DEVELOPMENT 

A. M. 8WANHON and H. H. SOMMER 
Department of Dairy Industry , University of Wisconsin, Madison , Wisconsin 

The development of oxidized flavor in milk is now assumed to be caused 
by certain oxidative changes taking place in the milk. Generally it has 
been believed that butterfat is the constituent in milk which has undergone 
oxidation on the development of the oxidized flavor. Findings from recent 
research tend to substantiate the belief that oxidized flavor in milk which 
has been catalyzed by copper results from oxidation of the phospholipids 
present in the milk. Since oxidized flavor results from oxidative changes, 
oxidation-reduction potentials should give valuable information in the study 
of this problem. Oxidation-reduction potential measurements have been 
applied by previous workers with various degrees of success. The work 
reported herein was conducted to further apply oxidation-reduction poten¬ 
tial studies to the problem of oxidized flavor in milk and milk products. 

REVIEW OP LITERATURE 

Thurston, Brown and Dustman (16) were the first to suggest that 
oxidized flavor in milk results from the oxidation of lecithin. Brown, 
Dustman and Thurston (1) found no appreciable differences in iodine 
numbers of butterfat from normal and oxidized milk. Swanson and 
Sommer (14) found a marked decrease in the iodine number of the phos¬ 
pholipid fraction of milk on the development of oxidized flavor but found 
no significant difference in the iodine numbers of butterfat from normal 
and oxidized milk. The above findings suggest that the phospholipid frac¬ 
tion of milk plays an important part in the development of oxidized flavor. 

Gebhardt and Sommer (5) in 3930 found that there was a marked 
increase in the oxidation-reduction potential of milk when it was agitated 
with copper blades. Morris and Sommer (10) in 1932 obtained results 
which showed that the keeping quality of cream is poorest in samples 
having the highest oxidation-reduction potentials. These workers added a 
reducing agent, sodium sulphite, to the cream and prevented oxidation. 

In 1933 Tracy, Ramsey and Ruche (17) observed a definite relationship 
between the oxidation-reduction potential of milk and cream and the de¬ 
velopment of oxidized flavor on the addition of copper. The addition of 
copper caused a marked increase in the oxidation-reduction potential. 
Thurston (15) in 1935 reported on the influence of different metals and 
metallic salts on the oxidation-reduction potentials of milk. Stannous 
chloride, stannic chloride and aluminum chloride caused a decrease in the 
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oxidation-reduction potentials of milk at a faster rate than in the control 
samples. Iron powder and ferric chloride caused a slight increase in 
potential. Ferrous chloride immediately after addition to milk caused an 
increase in potential, but this potential soon decreased to approximately 
the same potential as the control. Cuprous chloride caused the greatest 
increases in oxidation-reduction potentials. 

Greenbank (7) found copper to be the most effective catalyst in pro¬ 
ducing oxidized flavor in milk. Ferrous iron also catalyzed the flavor 
development but larger quantities were required to produce the same 
results. Ferric iron was not very effective in producing the oxidized flavor. 
Greenbank suggests that ferric iron, which is an oxidizing agent, is an 
inhibitor to this flavor development. 

In 1937 Webb and Hileman (21) reported on their studies in which 
they used a vacuum tube potentiometric circuit for measuring oxidation- 
reduction potentials. These workers found that oxidized flavor in milk 
is due to or accompanied by an increase in oxidation-reduction potential, 
but this increase is not proportional to the concentration of added copper. 
Working with individual cows, they found that there is no relationship 
between oxidized flavors and oxidation-reduction potentials of milk. 

Brown, Thurston and Dustman (2) added copper to raw milk, to milk 
before pasteurization and to milk after pasteurization. They found that 
raw milk and milk with copper added after pasteurization developed a 
more intense oxidized flavor, the suggested explanation being that some of 
the copper may combine with the proteins during the pasteurization process 
and is no longer free to catalyze the reaction. 

Sharp, Trout and Guthrie (13) found that contamination of milk with 
copper caused destruction of vitamin C, and that there is a positive corre¬ 
lation between the rate of oxidation of ascorbic acid and the development 
of oxidized flavor. They also state that the holder method of pasteuriza¬ 
tion at 143-145° F. for 30 minutes does not appreciably accelerate the 
destruction of ascorbic acid. 

Turgeon, Stebnitz and Sommer (19) worked on the Ritter’s test as a 
means of determining copper contamination. Both the vitamin C and the 
copper content of the milk affected the results of the Ritter’s test. They 
found that the vitamin C content was quite uniformly reduced to 7 milli¬ 
grams per liter at the time of first color change and reduced to zero by 
the time the color was definitely developed. 

Chilson (3), Dahle and Palmer (4) and Greenbank (7) have all re¬ 
ported that the addition of 50 to 100 milligrams of pure crystalline ascorbic 
acid to milks which develop oxidized flavor spontaneously will prevent the 
flavor defect. 

In Central Europe electrical treatment of milk has been used as a 
means of neutralizing developed acidity in milk and cream. Winkler (22) 
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discusses an electro-neutralization process in which milk is subjected to the 
action of direct current. Gratz (6) also has discussed the process. Elec¬ 
trodes are placed in a vessel of non-conducting material. Milk enters the 
vessel at the bottom, flows between the electrodes, which are placed either 
in a vertical or horizontal position, and leaves through an overflow at the 
top. The process is covered by Austrian and Italian patents. Pien and 
Baisse (11) discuss the theory of electrical deacidification. Sodium lib¬ 
erated at the cathode neutralized the lactic acid, and the chlorine which 
was liberated at the anode combined with the protein. Woljagin and 
Scheimpflug (23) carried on electrical deacidification by means of electro¬ 
dialysis. Milk was placed in the cathode chamber and whey in the anode 
chamber with a clay diaphragm separating the liquids. 

EXPERIMENTAL PROCEDURES 

Since milk is a poorly poised system, a vacuum tube potentiometer 
circuit was made and used in conjunction with a Leeds-Northrup portable 
potentiometer. The vacuum tube potentiometer circuit was made accord¬ 
ing to plans furnished by Johnson (8). Platinum electrodes similar to 
those of Webb and Hileman (21) were used. 

Difficulty was experienced in getting the electrodes in a sample of 
milk to check. Previous workers have also experienced the same difficulty. 
Closer checks between electrodes were obtained when extreme care was 
taken in their cleaning. The electrodes were first placed in boiling tri¬ 
sodium phosphate solution and then in hot chromic acid solution, remaining 
in each solution for a period of from one-half to one hour. The electrodes, 
after being removed from the chromic acid solution, were thoroughly rinsed 
and placed in distilled water from eight to twelve hours before using. 

Two hundred-and-fifty-ce. brown glass bottles were used as electrode 
vessels. Each bottle was fitted with a cork stopper through which three 
holes were drilled. Two electrodes and a saturated potassium chloride agar 
bridge were placed into each sample of milk. A series of eight bottles were 
then connected to a saturated calomel half cell. 

Milks from individual cows were obtained from the University herd. 
Aluminum pails were used for milking and the milk was brought to the 
laboratory in either aluminum pails or brown glass bottles. Extreme care 
was taken to prevent copper or iron contamination. The milk was taken 
to the laboratory and pasteurized within two hours after milking. Pas¬ 
teurization was conducted in aluminum beakers with aluminum stirring 
devices. Heating was carried out in water baths which were connected 
to a steam line for heating and thermo-electrically controlled for holding 
at pasteurization temperatures. Immediately after pasteurization the con¬ 
tainers were moved to a cold water bath for cooling. 
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The milk samples were then set up by adding the catalyst, and in some 
experiments anti-oxidants were also added. The samples were then placed 
in a refrigerator and allowed to stand with the least amount of handling 
possible. Duplicate samples were put in 500-cc. brown glass bottles and 
placed in the refrigerator along with the electrode vessels. These samples 
were used for vitamin C titrations and then observed at the end of the 
storage period of 60 to 72 hours for the development of oxidized flavor. 

Oxidation-reduction potential readings were taken at short intervals 
during the early stages of the storage period and then taken at longer in¬ 
tervals after twenty-four hours of storage. The oxidation-reduction po¬ 
tential readings were then converted to Eh. The values for the E.M.F. of a 
calomel half cell at different temperatures were obtained from data by 
Yellinger (20). 

Trout and Sharp (18) report that the temperature of 21° C. appeared 
to be more satisfactory for judging milk for oxidized flavor than did the 
temperature of 35° C. After storage the samples were warmed up to 21° C. 
and were always examined by at least two judges who were familiar with 
oxidized flavor. The following system was used for recording the presence 
of oxidized flavor and its intensity: 

+ + + -i- = very strong oxidized flavor. 

+ + + = strong oxidized flavor. 

+ += distinct to pronounced oxidized flavor. 

+ = slight oxidized flavor. 

± = doubtful oxidized flavor. 

- = no oxidized flavor. 

The method of Ivon and Watson {9) was used in this work for deter¬ 
mining the reduced ascorbic acid content of milk. The milk proteins and 
fat were precipitated with 20 per cent tri-chloroacetic acid. An exact 
quantity of filtrate was then titrated with 2:6 diehlorobenzenoneindophe- 
nol. The dye was standardized against crystalline ascorbic acid. In this 
work the water used w r as re-distilled in an all-glass distilling apparatus. 

Influence of metal on oxidation-reduction potentials and the 
development of oxidized flavor 

Pasteurized milk from an individual cow was used in preparing the 
samples for this experiment. A copper sulfate solution was prepared so 
tliat one ec. of solution added to one pint of milk would give a copper con¬ 
centration of 0.5 parts per million parts of milk. Ferric sulfate and ferrous 
sulfate solutions were made up to such concentrations that one ce. of solu¬ 
tion added to one pint of milk would give 5 parts of iron per million parts 
of milk. 

• Copper was added at concentrations of 0.0, 0.25, 0.5,1, 2 and 5 parts per 
million parts of pasteurized milk. Ferric iron and ferrous iron were added 



OXIDIZED FLAVOR IN MILK 


601 


at concentrations of 0, 5, 10, 25 and 50 p.p.m. The changes in O-K (oxida¬ 
tion-reduction) potentials were followed, and at the end of 72 hours the 
samples were examined for oxidized flavor. 

A similar experiment was conducted on a sample of mixed herd milk. 
The results of the two experiments were compared to determine the 
difference in susceptibility of the two milks to oxidized flavor development. 

Time of copper addition to milk 

Copper in the form of copper sulfate solution was added to in ilk before 
and after pasteurization at a concentration of 1 p.p.m. Two series of 
samples were prepared and kept in a water bath at 10° C. for 15.5 hours. 
Electrodes were placed in one series, and from the other series, samples 
were taken for reduced ascorbic acid determinations. O-K potential read¬ 
ings and ascorbic acid titrations were made at short intervals. 

Copper addition to whole milk, skimmilk and cream 

A mixed sample of milk was pasteurized in an eight gallon aluminum 
milk can and then separated. Samples of whole milk, skimmilk, 20 per cent 
cream and 29 per cent cream were prepared with and without added copper. 
Two parts of copper per million were added. Potential measurements were 
made during the storage period, and at the end of 72 hours all samples 
were examined for oxidized flavor. 

A study of milk from individual cows 

Milks were obtained from four individual cows. Two of these cows 
were Ilolsteins and the other two were Guernseys. Each lot of milk was 
pasteurized separately and then divided into two parts. To one part, 
copper was added at a concentration of 2 p.p.m. and to the other part no 
metallic catalyst was added. Samples were then prepared for O-K po¬ 
tential measurements and for ascorbic acid determinations. The samples 
were stored at 4° C. for 72 hours and at the end of this period they were 
examined for the presence of oxidized flavor. During the storage period 
O-K potential measurements and reduced ascorbic acid determinations were 
made at regular intervals. 

Ascorbic acid as an anti-oxidant 

Crystalline ascorbic acid and crystalline d-isoascorbic acid were added 
to pasteurized milk to study the effect on O-R potentials and the develop¬ 
ment of oxidized flavor. Pasteurized milk was divided into three lots. To 
one lot 100 mgs. of ascorbic acid per liter of milk was added, to another 100 
mgs. of d-isoascorbic acid per liter of milk, and the other lot was left as 
the control. Then each lot of milk was divided in half and to the one half 
8 p.p.m. of copper as copper sulfate was added. Oxidation-reduction po- 
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tential measurements and titrations for reduced ascorbic acid were made 
at regular intervals during storage. At the end of 60 hours the samples 
were examined for the presence of oxidized flavor. 

Change in oxidation-reduction potentials caused by electrical current 

Electricity was passed through milk as a means of changing the O-R 
potential. A glass chamber was constructed, using a 1.5" by 8" glass test 
tube with a milk capacity of 95 cc. Milk was allowed to flow into the 
chamber from below and carried out by means of a side-arm connection. 
Two platinum electrodes, 0.5" by 2.0", were placed within the chamber. 
A porous clay thimble was also placed in such a position that it would ex¬ 
tend down into the milk. Inside of the thimble was placed a dilute solution 
of sodium chloride and a carbon electrode. The sodium chloride solution 
was continuously replaced by fresh solution. Dry cells were used as the 
source of the electrical current. For the work reported herein, a current 
of 24 volts and 0.4 amperes was used. Milk was passed through the 
chamber at the rate of 155 cc. per minute. 

In the first series of the experiment, milk was passed through the appa¬ 
ratus without any current flowing. In the second series, the platinum 
electrodes were negative and the carbon electrode in the salt solution was 
positive. In the third series, the platinum electrodes were positive with the 
carbon electrode negative. In the last series the clay porous thimble was 
removed and one of the platinum electrodes was positive and the other 
negative. Two samples of mixed milk were set up from each series. Cop¬ 
per in the form of copper sulfate solution was added to one of the series at 
concentrations of 2 p.p.m. Potential measurements were made and after 
72 hours the samples were examined for oxidized flavor. 

EXPERIMENTAL RESULTS 

All of the oxidation-reduction potential measurements were made with 
two electrodes in each sample of the milk. The potential readings from 
the two electrodes were averaged, and this average was taken as the poten¬ 
tial for each reading time. The results from each series of experiments 
were tabulated and from these data the following graphs were drawn. 

Influence of metal on oxidation-reduction potentials and the 
development of oxidized flavor 

Figure 1 gives the results of the different concentrations of copper in 
the form of copper sulfate on the O-R potentials of milk from an individual 
cow. Copper caused a considerable increase in the O-R potential. The 
increase in potential was slower and not as great with the lower concen¬ 
trations of copper. The rise in potential was not in proportion to the 
concentration of added copper, When the potential had reached its maxi- 




Pig. 1 . The effect of different concentrations of added copper on oxidation-reduc¬ 
tion potentials of milk and the development of oxidized flavor. 

I—5 parts per million of added copper. 

II—2 parts per million of added copper. 

III— 1 part i ,er million of added copper. 

IV— 0.5 part per million of added copper. 

V—0.25 part per million of added copper. 

VI—0 part per million of added copper. 



Fig. 2. The effect of different concentrations of added ferric iron on the oxidation- 
reduction potentials of milk and the development of the oxidized flavor. 

I—50 parts per million of added ferric iron. 

II—25 parts per million of added ferric iron, 

III—10 parts per million of added ferric iron. 

XV— 5 parts per million of added ferric iron, 

y— o parts per million of added ferric iron. 
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mum point, it continued to remain fairly constant at this high level. With 
the lower concentration of added copper and with the control, there was a 
marked decrease in potential during the first hour. 

The addition of ferric iron in the form of ferric sulfate, as shown in 
figure 2, does not cause a rapid increase in potential like the addition of 
copper. There was a small gradual increase in potential during the entire 
storage period. The increase was greater with the higher concentrations 
of ferric iron. Only in the concentrations of 25 and 50 parts per million 
of ferric iron was there a slight resemblance of oxidized flavor. Ferric 
iron added at the rate of 50 parts per million did not affect the potentials 
any more than did 0.25 parts per million of copper. 

Figure 3 shows that the addition of ferrous iron to milk caused a de¬ 
crease in potential. These results are in keeping with the property of 
ferrous sulfate because it is a reducing substance. 

Table 1 summarizes the effectiveness of copper, ferric iron and ferrous 
iron in catalyzing the development of oxidized flavor in mixed milk and 
milk from an individual cow. The mixed milk was more susceptible to the 
metallic catalyst than was the milk from the individual cow. In both cases 
ferric iron caused little oxidized flavor while the same concentrations of 
ferrous iron were very effective. 

Time of copper addition to milk 

Copper added at concentrations of one part per million to a sample of 
milk from an individual cow before pasteurization had catalyzed the oxida- 


TABLE 1 

The effectiveness of different metals in catalyzing the oxidized flavor in a sample of mixed 
milk and a sample of milk from an individual cow 



Concentration 
of catalyst 

Source of milk 

Catalyst 

Individual 

cow 

Receiving 

tank 

Copper in form of copper 

p.p.m. 

0.0 

i 


sulfate 

0.25 

- 

•f 


0.5 

- 

4 


1.0 

- 

+ 4- 


2.0 

+ 

4 4* 4 4 


5.0 

+ 4 4- 

4-4- 4* 4-4- 

Ferric iron in form of 

0.0 



ferric sulfate 

5.0 


_ 


10.0 

- 



25.0 

± 

+ 


50.0 

± 

± 

Ferrous iron in form of 

0.0 

— 


ferrous sulfate 

5.0 


4- + 


10.0 

+ 

4 4- 


25.0 

+ + 

H +4- 


50.0 

+++ + 

4- + 4- 4* + 




Flu. 3. Tin* effect of different concentrations of added ferrous iron on the oxida¬ 
tion-reduction potentials of milk and the development of oxidized flavor. 

I—50 parts per million of added fefrous iron. 

11—25 parts per million of added ferrous iron. 

III— JO parts per million of added ferrous iron. 

IV— 5 parts per million of added ferrous iron. 

V— 0 parts per million of added ferrous iron. 



Fig. 4. The influence of time of copper contamination on the oxidation-reduction 
potentials of milk and the oxidation of the reduced ascorbic acid present in the milk. 

I—Without added copper. 

XX—Copper (2 p.p.m.) added after pasteurization. 

III— Copper (2 p.pon.) added before pasteurization. 

IV— Ascorbic acid content of I. 

V—Ascorbic acid content, of II. 

VI—Ascorbic acid content of III. 
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tion of nearly all of the reduced ascorbic acid before the pasteurization 
process had been completed. In the sample of milk to which copper was 
added after pasteurization the reduced ascorbic acid was completely oxi¬ 
dized after 7 hours. During the same period of time there was no marked 
change in reduced ascorbic acid content of the milk to which no copper had 
been added. Figure 4 shows that the oxidation-reduction potential of 
pasteurized milk containing copper did not increase until nearly all of the 
reduced ascorbic acid had been oxidized. The 0--R potential of the sample 
of milk to which copper had been added before pasteurization, had reached 
its maximum before the potential readings were started and continued to 
remain higher than the potential of the milk to which copper had been 
added after pasteurization. 

Copper addition to whole milk, skimmilk and cream 
Figure 5 summarizes the results of this experiment. Skimmilk and 
whole milk were found to have O-R potentials of about the same Eh values. 
The addition of two parts per million of copper caused practically identical 
.increases in potential. The 29 per cent cream showed higher Eh values 
in the sample to which no copper had been added than did the whole milk 
and skimmilk. This was also true of the series in which copper was added. 
The skimmilk and whole milk developed the same intensity of oxidized 
flavor on the addition of copper, while the oxidized flavor was more intense 
in the case of the cream. 


A study of milk from individual cows 
The effect of adding copper to milk from individual cows is shown in 
figure 6, and it also shows the difference in potential of the normal milk 

TABLE 2 

A comparison of the effect of the addition of copper on the oxidation of the reduced 
ascorbic acid in the pasteurized milks of four individual cows 


Ascorbic acid per liter 


X lliiu 

after 

adding 

Cow #33 

Cow #68 

Cow #416 

Cow #426 









copper 

Ou 

Cu 

Cu 

Cu 

Cu 

Cu 

Cu 

Cu 


0 p.p.ra. 

2 p.p.m. 

0 p.p.m. 

2 p.p.m. 

0 p.p.m. 

2 p.p.m. 

0 p.p.m. 

| 2 p.p.m. 

hrs . 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 



12.48 

17.45 


15.30 

12,45 



3 

17.80 

6.55 

17.45 

7.15 

13.70 

3.45 

21.15 

9.35 

5 

17.45 


17.45 



1.56 

20.16 

3.22 

14.5 

17.45 

o 

17.45 


11.85 


17.75 


20 


1 







26 


1 0 

14.65 

0 I 



16.20 

0 

37 





8.42 


14.35 


45 



i 



l 



52 





6.25 

0 


0 

64 

8.75 


7.50 

0 




0 

72 


Sfl 



2.60 

0 


0 
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Fig. 5. A study of the influence of added copper on the oxidation reduction poten¬ 
tials of whole milk, skimmilk and cream. 

I—Whole milk, no added copper. 

II—Whole milk with added copper (2 p.p.m.). 

III— Skimmilk, no added copper. 

IV— Skimmilk with added copper (2 p.p.m.). 

V—29 per cent cream, no added copper. 

VI—29 per cent cream with added copper (2 p.p.m.). 

from individual cows. Table 2 gives the results of the reduced ascorbic 
acid determination on tlie same milks. Comparing the results in figure 6 
•with the results in table 2, the milk from cow #426 had the highest ascorbic 
acid content and the lowest oxidation-reduction potential in the normal 
milk. • The addition of copper to this milk caused the smallest increase in 
potential and it did not develop oxidized flavor. The milk from cow #416 
had the lowest reduced ascorbic acid content and highest oxidation-reduc¬ 
tion potential in the normal milk. The milks from cows #33 and #68 
had about the same ascorbic acid content and oxidation-reduction potential. 
The addition of eopper caused about the same increase in potential and the 
same degree of oxidized flavor. The addition of copper to the milk from 
cow #416 caused the potential to raise to the same level as in the milks with 
added copper from cows #33 and #68, but the degree of oxidized flavor 
was less. Cows #33 and #68 were Holsteins and cows #416 and #426 
were Guernseys. 



HOURS 


Fig. 6. The change in oxidation-reduction potentials and the development of oxi¬ 
dized flavor following the addition of copper to the pasteurized milks of four cows. 

I—Milk from cow #33, no added copper. 

II—Milk from cow #33 with added copper (2 p.p.m.). 

III— Milk from cow #68, no added copper. 

IV— Milk from cow #68 with added copper (2 p.p.m.). 

V—Milk from cow #416, no added copper. 

VI—Milk from cow #416 with added copper (2 p.p.m.), 

VII—Milk from cow #426, no added copper. 

VIII—Milk from cow #426 with added copper (2 p.p.m,). 

Ascorbic acid as an anti-oxidant 

The experimental results obtained from the study of ascorbic acid and 
d-isoascorbie acid as anti-oxidants are given in figure 7 and table 3. The 
addition of both forms of ascorbic acid caused a marked decrease 'in the 
oxidation-reduction potentials of the milks to which they were added. Dur¬ 
ing the entire storage period the added ascorbic acids kept the potential 
down in the samples to which copper had been added, but the reduced 
ascorbic acid was being continually oxidized in these samples. At the end 
of the 54 hours of storage nearly all of the reduced ascorbic acid had been 
oxidized. More of the d-isoascorbic acid had been oxidized than had the 
ascorbic acid. During the period of the oxidation of the ascorbic acids, the 
potentials were lower in the samples containing copper than in the other 
samples. Although the milk containing d-isoascorbic acid and added cop- 
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per had the lowest Eh values during the entire storage period, it developed 
an oxidized flavor that was as intense as the flavor in the control sample to 
which copper had been added. 



I’iq. 7. Tlie influence of added copper and ascorbic and d-isoascorbic acid on tlie 
oxidation-reduction potentials of milk and tl.e development of oxidized flavor. 

I—Without added ascorbic acid or copper. 

II_Without added ascorbic acid, but with added copper (3 p.p.m.). 

HI—With added ascorbic acid (100 mu. per liter), but without added copper. 

IV —With added ascorbic acid (100 mg. per liter) and copper (3 p.p.m.) 

V—With added d-isoascorbic acid (100 mg. per liter) but without added copper. 

VI _With added d-isoascorbic acid (100 mg. per liter) and copper (3 p.p.m.). 

Change in oxidation-reduction potential caused by electrical current 

By passing electrical current through milk it was possible to alter the 
oxidation-reduction potential. The greatest decrease in potential was ef- 
fectecl by placing the negative electrode in the milk and the positive elec- 
trode in the sodium chloride solution contained in the porous cup. The 
curves plotted from the data obtained in this experiment are shown m 
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TABLE 3 

The influence of added copper on the ascorbic acid content of normal milk and milk to 
which ascorbic acid and d-isoascorbic acid have been added 





Ascorbic acid content 



Time 

Without added 

With added 

With added 

after 

adding 

copper 

ascorbic acid 

ascorbic acid 

d-isoascorbic acid 

Without 

3 p.p.m. 

Without 

3 p.p.m. 

Without 

3 p.p.m. 

added 

added 

added 

added 

added 

added 


copper 

copper 

copper 

copper 

copper 

copper 

hrs . 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

0.5 

17.60 i 

10.25 

104.00 

95.25 

104.00 

87.50 

2.5 

17.60 

0 

104.00 

57.25 

104.00 

51.75 

4 

6 

10 

17.60 

0 

104.00 

51.60 

103.50 

43.00 

25.5 

16.65 

0 

103.50 

41.00 

102.00 

38.10 

34.5 

48 

15.80 

0 

103.50 

18.65 

102.00 

16.60 

54 

15.80 

0 

96.25 

12.95 

96.00 

7.90 



Fig. 8 . The use of electrical currents as means of changing the oxidation-reduction 
potentials of milk and the influence on oxidized flavor development. 

I—No electrical treatment, no added copper. 

II—No electrical treatment, with added copper (2 p.p.m.). 

III— Negative electrode in milk, no added copper. 

IV— Negative electrode in milk, with added copper (2 p.p.m.). 

V—Positive electrode in milk, no added copper. 

VI—Positive electrode in milk, with added copper (2 p.p.m.). 

VII—Both electrodes in milk, no added copper. 

VTII—Both electrodes in milk, with added copper (2 p.p.m.). 
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figure 8. Though it was possible to decrease the potential, in no case did 
the treatment prevent the development of oxidized flavor when copper was 
added to the samples. 

DISCUSSION 

A number of investigators, Gebliardt and Sommer (5), Tracy, Iiamsey 
and Ruehe (17), Thurston (15) and others, have shown that the addition 
of copper to milk causes an increase in the oxidation-reduction potential. 
Copper is known to be a very effective catalyst in causing the development 
of oxidized flavor. Prom these observations it is logical to assume that the 
development of oxidized flavor is due to or accompanied by an increase in 
the oxidation-reduction potential of the milk. 

Copper was found to cause a sharp increase in the oxidation-reduction 
potential shortly after it was added to the milk. After the potential has 
reached its new level it continues to remain nearly constant during the re¬ 
mainder of the storage period. The length of time required for this sharp 
increase is dependent upon the concentration of added copper. In these 
experiments the addition of 2 and 5 p.p.m. of copper caused an immediate 
increase in potential, while with the lower concentrations there was a lag 
period. 

It has been shown in figure 4 that the oxidation-reduction potential does 
not increase until the reduced ascorbic acid in the milk has nearly all been 
oxidized. These results are in keeping with the observations made by 
Turgeon, Stebnitz and Sommer on the Ritter’s test as a means of determin¬ 
ing copper contamination. These workers found that the vitamin C content 
of the milk was quite uniformly reduced to 7 milligrams per liter at the 
time of the first color change and reduced to zero by the time color was 
definitely developed. The conclusion may be drawn that the development 
of color in the Ritter’s test is due to an increase in the O-R potential of 
the medium. 

The addition of ferric iron to milk caused a gradual increase in the 
potential during the entire storage. The higher the concentration of added 
ferric iron, the greater was the resulting potential. The addition of 50 
p.p.m. of ferric iron did not cause the potential to rise higher than the 
addition of 0.25 p.p.m. of copper. Only in the samples of milk where ferric 
iron had been added at concentrations of 25 and 50 p.p.m. was there any 
evidence of an oxidized flavor. 

Ferrous iron caused a decrease in the oxidation-reduction potential when 
it was added to milk. Immediately upon its addition to milk the resulting 
potential was higher (except on the addition of 50 p.p.m.) than in the 
samples to which copper and ferric iron had been added, but on storage the 
oxidation-reduction potential kept decreasing. The sample of milk contain¬ 
ing 50 p.p.m. of added ferrous iron developed a more intense oxidized 
flavor than did the sample of milk containing 5 p.p.m. of copper; yet there 
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was a difference of 0.135 in Eh. Concentrations of 25 and 50 p.p.m. of 
added ferrous iron to milk caused intense oxidized flavor, while the same 
concentrations of ferric iron caused only a questionable development of the 
off-flavor. The results were found to be the same with the use of pasteur¬ 
ized milk from an individual cow or with pasteurized mixed herd milk. In 
the case of the mixed herd milk the development of the oxidized flavor was 
more intense. Prom these findings it would seem that the development of 
oxidized flavor in milk is dependent upon the catalyzing properties of 
certain metallic ions and not on the change in potential which they may 
create. 

The addition of copper to skiramilk and whole milk caused about an 
identical change in O-R potential. The cream had an original O-E po¬ 
tential higher than did the skimmilk and whole milk, and the resulting 
potential on the addition of copper was also higher. Since skimmilk had 
developed the same intensity of oxidized flavor as did the whole milk, this 
gives evidence to the fact tiiat the phospholipids are the substances which 
undergo chemical change on the development of oxidized flavor. These 
findings are in agreement with the work of Thurston, Brown and Dustman 
(16) and Swanson and Sommer (14). The cream developed a more intense 
oxidized flavor than the whole milk, which is in agreement with the findings 
of Roland and Trebler (12). 

The normal pasteurized milks from individual cows vary in their oxida¬ 
tion-reduction potentials. In comparing the milk from four individual 
cows, there was a relation between the reduced ascorbic acid content of the 
milk and its oxidation-reduction potential. Milk from the cow having the 
lowest ascorbic acid content had the highest O-R potential of the four milks. 
The milk having the highest reduced ascorbic acid content had the lowest 
O-R potential, and the milks from the other two eow r s had about the same 
reduced ascorbic acid content and O-R potential. There was no correlation 
found between breed and reduced ascorbic acid content as the high and low 
milks were from Guernseys and the other two from Holsteins. The milk 
with the highest reduced ascorbic acid content showed less increase in O-R 
potential on addition of copper and did not develop an oxidized flavor. 

The addition of crystalline ascorbic acid and crystalline d-isoascorbic 
acid to milk was found to cause a marked decrease in the oxidation-reduc¬ 
tion potential. The addition of copper to milks containing these two forms 
of ascorbic acid caused oxidation of the ascorbic acid but during the entire 
period the O-R potential was lower than in the samples which contained 
added ascorbic acid but no added copper. As the oxidation of the ascorbic 
acid is taking place, the potential is lower than where there is no rapid 
oxidation of the reduced ascorbic acid. The addition of 100 mg. per liter 
crystalline ascorbic acid to milk inhibited but did not completely prevent 
the development of oxidized flavor. Though d-isoascorbic acid produced 
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the lowest O-R potential readings, it did not prevent the development of 
oxidized flavor. 

Passing electricity through milk has been used in Central Europe as a 
means of neutralizing developed acidity in milk and cream. This same 
principle was used as a means of changing the O-R potential in milk. By 
means of passing electricity through milk it was possible to lower the O-R. 
potential of milk considerably, hut such changes in potential were found to 
exhibit no inhibiting effects on the development of oxidized flavor! 

summary and conclusions 

The relation of oxidation-reduction potential measurements to the de¬ 
velopment of oxidized flavor in milk was studied to determine if there was 
any relation between an increase in O-R potential and the development of 
oxidized flavor in milk. 

Copper was capable of producing approximately the same intensity of 
oxidized flavor when added at one-tenth of the concentration at which 
ferrous iron was added to milk. Shortly after the addition of copper to 
milk there w f as a rapid increase in oxidation-reduction potential, while fer¬ 
rous iron caused the oxidation-reduction potential to decrease. Ferric iron 
wdien added to milk caused the O-R potential to increase slowly during the 
storage period but produced little or no oxidized flavor. 

When copper was added to milk, the oxidation-reduction potential did 
not increase until practically all of the reduced ascorbic acid was oxidized. 

The addition of copper to whole milk, skimmilk and cream w 7 as followed 
by a marked increase in O-R potential. The cream developed a more 
intense oxidized flavor than the whole milk and skimmilk. 

The oxidation-reduction potential of milk from individual cows was 
found to vary; as the reduced ascorbic acid content of milk from individual 
cow r s increased, the O-R potential decreased. 

Crystalline ascorbic acid and crystalline d-isoascorbie acid when added 
to milk lowered the oxidation-reduction potential. Ascorbic acid had an 
inhibiting effect on the development of oxidized flavor, but even at the low 7 
Eh reading produced by the addition of d-isoascorbic acid, the milk 
developed oxidized flavor when copper w T as added. 

By passing electrical current through milk, it was possible to lower the 
oxidation-reduction potential, but the resulting lowered O-R potential did* 
not inhibit the development of oxidized flavor. 

From these studies on oxidation-reduction potentials in relation to the 
development of oxidized flavor, the Eh value of the medium does not seem 
to inhibit or accelerate the development of the off-flavor. 
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A COMPARATIVE EVALUATION OF AN ICE CREAM SUPPLY 
AS IT REACHES THE CONSUMER* 


L. If. CROWE and P. A. DOWNS 
Dairy Husbandry Department, University of Nebraska 

The prospective ice cream consumer is often confronted with a multi¬ 
plicity of prices for the usual consumer-size package of ice cream. The 
problem is no less complex after the seller has been questioned as to the 
reasons for the price differences. 

In an effort to gain some direct information bearing on this problem, 
vanilla ice cream was purchased in pint quantities in a typical consumer 
manner, that is, without indication to the dispenser as to the use that w T as 
to be made of the ice cream. These samples were brought immediately to 
the laboratory and the gross weight obtained. Portions were withdrawn 
with a sterile spatula for bacterial analysis and at the same time an organo¬ 
leptic examination was made. The remainder of the contents of the pack¬ 
age was transferred to a screw-top pint jar and the container was weighed 
to obtain the net weight of the ice cream. The ice cream was melted at room 
temperature and, when necessary in removing incorporated air, warmed to 
90 degrees Fahrenheit. The overrun was calculated by the use of the spe¬ 
cific gravity as determined with a 100-milliliter pycnometer bottle and a 
torsion balance. Total solids and fat were determined by the Mojonnier 
procedure and protein by the Gunning method using a 5-gram sample. The 
pH was determined electrometrieally with a qninhydrone electrode. The 
total bacterial count was made by the standard plate method on a volumetric 
basis. The number of organisms of the coli group was obtained by the plate 
method using violet red bile agar, and in the case of low count samples this 
was supplemented by the brilliant green lactose bile broth method. The 
samples are designated in table 1 according to number with the suffix P or 
B indicating factory-filled packages or fountain-dipped bulk ice cream, 
respectively. 

RESULTS AND DISCUSSION 

Inspection of the data in table 1 will show that the price of pint samples of 
vanilla ice cream as available to the consumer in the market studied, ranged 
from fifteen to thirty cents with intermediate prices of seventeen, twenty, 
and twenty-five cents. The net weight of these pint samples averaged 298.0 
grams with a range of 212 grams to 465 grams. The heaviest sample was a 
fountain-dipped sample in the highest price level, while the lowest weight 
sample was a factory-filled pint in the lowest price level. This weight-price 
Beceived for publication December 4, 1939. 
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Composition and characteristics of pint samples of vanilla ice cream as purchased by the consumer 
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relationship was found on the average for all samples; that is, the average 
weight was higher for each increase in price level. When converted to a 
basis of the net weight of ice cream purchased for a certain price, that is, 
twenty cents, we find the advantage to the consumer decidedly in favor of 
the ice cream selling at the lowest price level, with the twenty and twenty- 
five cent pints about equal, but with a slight advantage (8.4 grams) for the 
higher priced pints. 

The per cent overrun as calculated includes the extremes of 9.8 and 141.1 
with an average of 80.0. The minimum overrun for all samples was found 
in the fountain-dipped package group; the maximum for this group was 73.7 
per cent. The maximum overrun for all samples occurred in the factory- 
filled package group, while the minimum overrun for this group is 24.2 per 
cent. The highest overrun occurs in the lowest price level group with a 
minimum overrun for this group of 25.9 per cent. 

In a somewhat similar comparison of ice cream purchased in metropoli¬ 
tan Chicago, Grumbine and Halliday (1) found a range in weight of pint 
samples from 248.8 grams to 480.2 grams and the overrun to include the 
extremes of 14.1 per cent and 143.0 per cent. 

If 6.4 to 6.6 is accepted as the normal pH of ice cream mix made from 
fresh ingredients as proposed by Sommer (2), we may assume two of the 
samples obtained were made from slightly neutralized mix. 

A study of the total solids content of these samples showed a range from 
37.21 per cent to 40.19 per cent with no significant difference in this char¬ 
acteristic between bulk and factory-filled packages. The butterfat content 
varied from 12.16 per cent to 16.97 per cent with both of these extremes 
occurring in the factory-filled package group. On the average there was 
a slightly higher percentage of butterfat in the factory-filled pints and in 
the higher-price-range pints. In making this comparison it should be borne 
in mind that the state law (3) specifies at least 14 per cent of butterfat for 
vanilla ice cream, with this exception: “There shall be allowed a tolerance 
of one-half per cent, provided the one-half per cent is not constantly below 
the standard. ” The percentage of samples containing less than the legal per¬ 
centage of fat was relatively uniform for all groups of samples; this was 
78.4 per cent for all samples, 81.8 per cent and 80.8 per cent respectively for 
bulk and package samples, and 70.6 per cent for the twenty-cent-pint. group. 
On the basis of the 13.5 per cent tolerance, 37.8 per cent of all samples failed 
to comply as did 36.4 per cent and 42.3 per cent, respectively, of the bulk 
and package samples and 35.3 per cent of the twenty-cent-pint group. 

In making a comparison of these samples on the basis of calculated calo¬ 
rific value received for an expenditure of twenty cents (table 2), the average 
for all samples was 696,2 but with the wide range of 489,2 to 1205.1, The 
bulk samples showed the widest variation in this respect of any group, while 
the lowest price group was second in variation. 
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In examination of the results of bacterial analysis of these samples, the 
total count of six samples was above 50,000; four of these were fountain- 
dipped packages and two factory filled. In the less-than-10,000-total-count 
group there were eighteen samples; two of these were fountain-dipped pints 
and sixteen factory-filled pints. The three samples with the highest total 
count were all fountain-dipped pints, one at million and the other two at 
approximately 125 thousand. Only one factory-filled pint occurred in Ihe 
group with a total count of more than 100.000. 

TABLE 2 


Quantities purchased for twenty cents 



Total 

solids 

Butter- 

fat 

Protein 
(N x 6.38) 

Carbohy¬ 

drates 

(calculated) 

Calories 

(calculated) 


! (pns. 

gins. 

gins. 

gins . 


AH samples (average) 

! 320.3 

42.4 

3.3.2 

(55.4 

696.2 

15-cent samples (average) 

132.4 

40.0 

32.8 

71.1 

761.6 

20-cent samples (average) 

332.5 

■ 40.1 

32.3 

(51.7 

656.6 

25-cent samples (average) j 
Factory-filled pints ; 

| 314.5 

| 40,(5 

12.(5 

61.2 

660.7 

(average) 1 

Fountain-dipi>od pints 

315.8 

41.0 

13.8 

62.2 

668.2 

(average). 

130.9 

42.8 

34.5 

73.0 

762.6 


The three samples with the highest coli count were in the fountain-filled 
group, one in the lowest price level and two in the twenty-eent-pint group. 
Two of these three samples, one of which was in the lowest price level, were 
highest and second highest of all samples in total count. The sample con¬ 
taining the third highest number of coli showed a total count of 32,000. In 
the four eases of factory-filled packages in the less-tlian-10,000-total-count 
group the number of coli was 270, 200, 190, and 50 per milliliter, indicating 
that the coli content of these samples did not originate with the dispenser. 

The flavor and body scores of the samples in the fifteen- and twenty- 
eent-pint groups show no significant difference. The twenty-five cent pints 
and the fountain-filled pints averaged approximately one point higher in 
body score and in flavor score than the average for all samples. 

When the results of the analyses made were computed to the basis of 
product received for a definite expenditure (table 2), the advantage was 
with the lowest-priced group in all comparisons made where different price 
level groups were the basis for the comparison. In a similar comparison it 
was indicated that the purchaser of the fountain-dipped package receives an 
advantage as compared to the purchaser of the factory-filled package when 
these two groups are the basis for comparison. 

CONCLUSIONS 

This preliminary study of a limited number of pint samples of vanilla 
ice cream at all price levels available to the consumer in the trade territory 
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studied does not indicate the reason for the difference in price level when a 
comparison is made on the basis of the following: net weight of ice cream 
obtained; calculated overrun in per cent; composition including butterfat, 
total solids, protein and calculated carbohydrate; bacteria count of either 
total or colon type organisms; calorific value purchased for a certain expen¬ 
diture, or quality as determined by organoleptic examination. 

It is recognized that this is not an all-inclusive study of a problem of this 
character but it is believed that studies such as this carried out in a market 
at intervals of six months or one year would tend to bring to the consumer 
a more uniform product and tend to aid in establishing a sound basis for 
differences in price per unit quantity of ice cream purchased. 
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THE VALUE OF SODIUM METAPHOSPHATE IN DETERGENT 
MIXTURES IN THE CLEANING OF MILKING MACHINES* 
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Section of Bacteriology , Michigan Agricultural Experiment Station 

AND 

L. H. BEGEMAN 
Lansing Department of Health 

The process of cleaning the milking machine has claimed the attention 
of the dairy sanitarians ever since the advent of this device. Although 
numerous publications have appeared from time to time recommending 
various methods of cleaning and sterilizing, and although these methods 
can be applied with considerable success, the fact remains that milking 
machines are still serious foci of contamination in market milk. The me¬ 
chanical structure of the machine, even though marked simplications have 
been affected, makes the cleaning and disinfecting procedure difficult when 
compared to the equipment necessary for hand milking. This does not 
mean that the equipment is really difficult to clean, but it does mean that the 
method of care is different and peculiar to this equipment. The milking 
machine is such a valuable adjunct to the dairy farm that the more or less 
insanitary conditions of these machines that prevails should be rectified by 
better methods of cleaning so that their use will not be discredited. 

Not only may the dirty milking machines be an important source of bac¬ 
terial contamination, but they may also be a reservoir of heat-resistant bac¬ 
teria, which are responsible for the high count occasionally obtained in prop¬ 
erly pasteurized milk. The role of milking machines as a source of heat-re¬ 
sistant bacteria is not unknown to the dairy sanitarian. Many times the 
dairy plants are accused of insanitary conditions or carelessness when most 
of the trouble lies with the producers who have been careless in the handling 
of their milking machines. 


EXPERIMENTAL 

In the spring of 1938, a large dairy in Michigan was-having consider¬ 
able trouble with high counts in its pasteurized milk. On several occasions 
samples were collected on three different routes from producers using milk¬ 
ing machines. These machines had received little attention from the milk 
inspector so they represented conditions which may prevail under lax in¬ 
spection. The producer samples were tested by the standard plating pro¬ 
cedure. Each sample was then pasteurized and another plating made to 

Received for publication December 14, 1939. 
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determine the reduction affected by this heating. The data are presented 
in table 1. The data show that a large percentage of the bacteria in these 
milks were resistant to pasteurization temperatures. Not only were the 
counts of raw milk high, but the percentage of reduction in count by 
pasteurization was unsatisfactory. Only 6 out of 23 samples showed reduc¬ 
tions of 95 to 100 per cent. The picture presented by the bacteria counts 
of these producer samples is not unknown where inspections are lax. 

TABLE 1 

Bacteria counts of samples from producers using milicing machines where field inspection 

urn inadequate 


Sample No. 

Bacteria count of milk 

Per cent 

Raw 

Pasteurized 

reduction 

1 . 

40,000 

26,000 

35.0 

2 . 

2,900,000 

550,000 

81.0 

3 . 

39,000 

25,000 

35.9 

4 . 

87,000 

32,000 

63.2 

5 . 

32,000 

40,000 

0.0 

6 . 

70,000 

17,000 

75.7 

7 . 

3,250,000 

3,900,000 

470,000 

85.5 

8 . 

1,120,000 

71.3 

9 . 

96,000 

97,000 

0.0 

10 . 

121,000 

65,000 

46.6 

11 . 

1,400,000 

166,000 

88.1 

12 . 

172,000 

5,000 

97.2 

13 . 

4,300,000 

274,000 

93.6 

14 . 

80,000 

20,000 

75.0 

15 . 

940,000 

26,000 

97.1 

16 . 

380,000 

10,000 

97.4 

17 . 

625,000 

21,000 

96.7 

18 . 

345,000 

195,000 

46.7 

19 . 

1,200,000 

82,000 

93.2 

20 . 

175,000 

90,000 

48.6 

21 . 

550,000 

18,000 

96.7 

22 . 

760,000 

13,000 

131,000 

98.3 

23 . 

2,100,000 

93.8 

Average. 

Geom. mean. 

1,024,000 

374,000 

152,000 

21,000 

94.3 


At the same time that the above-mentioned samples were collected, 
examination was made of producer routes under inspection by a city dairy 
inspector and a field man employed by the dairy. Samples were collected 
from producers using milking machines. The samples were handled in 
exactly the same manner as before. The results are presented in table 2. 
The results show that the bacteria counts were reduced from 95 to 100 per 
cent in 9 out of 16 samples tested. With the exception of two producers, 
Nos. 2 and 6, there was little evidence of heat-resistant organisms. The 
two samples cited showed the presence of heat-resistant bacteria as indi¬ 
cated by the high pasteurized milk counts of 19,000 and 58,000 per ml., 
respectively. 
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TABLE 2 


Bacteria counts of samples from producers using milking machines where field inspection 

was adequate 


Sample No. 

Bacteria count of milk 

Per cent 
reduction 

It aw 

Pasteurized 

‘1 . 

34,000 

1,000 

97.1 

2 . 

285,000 

19,000 

93.3 

3 . 

4,000 

100 

97.5 ' 

4 . 

17,000 

500 

97.1 

5 . 

82,000 

7,000 

91.5 

G . 

630,000 

58,000 

90.8 

7 . 

655,000 

2,000 

99.7 

8 . 

17,000 

350 

97.9 

9 . 

170,000 

6,000 

96.5 

10 . 

0,500,000 

2,000 

99.9 

11 . 

38,000 

4,000 

89.5 

12 . 

40,000 

7,000 

82.5 

13 . 

75,000 

9,000 

88.0 

14 . 

35,000 

9,000 

74.3 

15 . 

190,000 

3,000 

98.4 

16 . 

575,000 

400 

99.9 

Average. 

584,000 

8,000 


Geom. mean. 

104,000 

2,700 

97.4 


The results of these two series of tests, which are representative of 
others, made on these milk routes indicate that either the methods of 
cleaning or disinfecting the machines were faulty, or the performance of 
the same was not carried out successfully. From observations by the 
inspectors criticisms might be made rightfully that both methods and the 
application of the same were improper. The tests show that regular in¬ 
spection is necessary and that even then milking machines may still produce 
an unsatisfactory supply of milk for pasteurization. 

There is a dearth of information on methods of cleaning milking 
machines. Most publications place emphasis on the sanitation. The most 
common practice in cleaning consists of flushing machines with cold water 
after each milking and then placing the tubes on the racks for either alkali 
or chlorine treatment. Under these conditions machines are washed once 
a week with hot water and a detergent. This procedure is very poor opera¬ 
ting practice. 

A satisfactory method of cleaning consists in flushing with cold water 
immediately after milking, then with warm water and a detergent, and 
then placing the tubes on the racks for disinfection. This procedure does 
produce satisfactory results, but unfortunately this method is seldom prac¬ 
ticed and even where it is used the method is not carried out with sufficient 
thoroughness to render the equipment free of milk wastes and lime deposits. 

In the routine examination of milking machines, considerable accumu¬ 
lations of calcium phosphate or milkstone in the rubber tubing and the 
inner surfaces of the milking machines have been found irrespective of the 
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methods of cleaning, where the procedure was not thorough. These ac¬ 
cumulations, as pointed out in the literature, are produced largely by the 
improper removal of the milk film, but the deposits of lime from the use 
of calcium hypochlorite and the salts from hard waters also play an impor¬ 
tant role. 

The presence of milkstone is generally accepted as an indication of 
improper cleaning. Machines showing the presence of this substance are 
considered as insanitary, but in spite of continuous and frequent inspection 
it is commonly found. 

It is the experience of the senior author that no chemical disinfection 
on the market today will function when the surface to be disinfected is 
covered with deposits such as occur in the rubber tubing of the milking 
machine. Neither lye nor chlorine has any penetrating power, as demon¬ 
strated by Mallmann and Chandler (1). They show the need of cleanli¬ 
ness as a necessary preliminary to disinfection. No disinfection can act 
economically or efficiently in the presence of excessive amounts of suspended 
materials or film providing the bacteria are embedded. 

The problem of producing a better quality milk with milking machines 
appears to lie not in the development of a better sanitizer but in the 
development of better means of cleaning applicable to farm use and prac¬ 
tice. It would seem that in addition to obtaining better disinfection by 
presenting a clean surface to the disinfectant, the proper cleaning of equip¬ 
ment would present clean surfaces to which the bacteria could not remain 
attached. 

No data are available on milking machines to demonstrate the compara¬ 
tive effects of clean surfaces as compared to milkstone-covered surfaces in 
producing a low count milk. Accordingly, tests were made to measure the 
value of clean milking machine equipment in reducing bacteria counts. 
Arrangements were made with a local dairy to conduct tests in cooperation 
with some of their producers who were using milking machines. The 
samples were collected for a period of two weeks prior to cleaning the 
machines to obtain approximately average conditions with machines receiv¬ 
ing the usual cleaning. After the collecting of these samples all the 
machines were carefully cleaned by the inspectors to be sure that they 
were free from milkstone. No change was made in the method of cleaning 
employed by the producer. Samples were collected for a period of three 
weeks following the cleaning of the machines by the inspectors. The results 
are given in table 3. It will be observed that a marked fall occurred in 
the geometrical count after cleaning. This reduction persisted for the 
entire period of three weeks for which the tests on the cleaned equipment 
were made. 

In compiling the data before and after cleaning, two variables, cleaning 
and temperature, must be considered. The influence of temperature can 
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TABLE 3 


The effect of cleaning milking machines on the bacteria count of the milk 



Geometrical mean 

Time of collection 

No. of samples 

Plate count 

Microscopic clump 
count 

Before cleaning. 

After cleaning . 

37 

78 | 

490,000 

231,000 

165,000 

99,000 


be eliminated by the fact that warmer weather occurred after cleaning, as 
the tests were started in late April and were discontinued early in June. 
As a matter of fact, if the temperature before and after cleaning had been 
constant the reduction would have been more pronounced than that re¬ 
ported. Thus, the reduction in bacteria count of the milk from the cleaned 
machines is due to the cleanliness of the machines themselves. 

The use of tri-sodium phosphate, sodium metasilicate, and lye under 
certain conditions causes a formation of calcium phosphate or milkstone. 
This formation acted as a protective layer to the bacteria against chemical 
disinfection and also as a reservoir for the growth of bacteria. As demon¬ 
strated earlier in this paper, unclean machines are frequently sources of 
heat-resistant bacteria. If the formation of milkstone could be prevented 
it would be possible to produce low count milk with a minimum of heat- 
resistant bacteria. Schwartz and Gilmore (2) demonstrate that the addi¬ 
tion of sodium metaphosphate to a detergent mixture used for mechanical 
dishwashing produced better results and eliminated the deposition of scale 
on the surface of the dishes and the equipment. Gilmore (3) states, 
“ Sodium metaphosphate, although not a detergent, by forming soluble 
complex ions with the ions of calcium and magnesium in alkaline solutions, 
prevents completely the formation of insoluble alkaline salts and soaps that 
constitute the deposit formed in ordinary processed water.” 

To determine the value of sodium metaphosphate as a means of pre¬ 
venting the formation of milkstone, two sets of milking machines were 
tested in parallel. One set was flushed daily with a detergent mixture 
containing 20 per cent sodium metaphosphate, and the other set was cleaned 
in the same manner as the producer had used prior to the-test. Both sets 
of machines were carefully cleaned at the start of the experiment. Samples 
were collected from each producer from time to time over a period of 
three weeks. The data for these experiments are presented in table 4. 
The data show that reductions in bacteria count result whether a sodium 
metaphosphate detergent mixture or other means of cleaning was employed. 
The data do not show that the sodium metaphosphate detergent mixture has 
any advantage from the standpoint of bacteria reduction over other 
methods of cleaning during a period of three weeks following a thorough 
cleaning of all of the machines. 

The fact that all of the machines were cleaned at the start of the experi¬ 
ment and the producers were made aware of the fact that their cleaning 
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TABLE 4 

The effect of cleaning milking machines with a detergent mixture containing 
sodium metaphosphate 



Duration 
of tests 

Geometrical mean 


l ime or 
collection 

No. of 
samples 

Plate 

count. 

Microscopic 
clump count 

Sodium metaphosphate 
used 

Before cleaning. 

2 wks. 

41 

193,000 

304,000 

After cleaning. 

3 wks. 

71 

172,000 

25,000 

No sodium metaphos- 
phate used 

Before cleaning. 

2 wks. 

37 

490,000 

165,000 

After cleaning. 

3 wks. 

78 

231,000 

99,000 


operations were unsatisfactory would likely cause them to be more careful. 
As a result, during the three weeks period of the tests both groups kept 
their machines in a clean condition, in spite of rather than because of, the 
type of cleaner used. It was quite evident that the amount of accumula¬ 
tion in the tubes would be slight in three weeks, and a longer period would 
be necessary to demonstrate the difference between a clean machine and 
one containing milkstone deposits. 

The experiments were accordingly continued over a longer period of 
time. At the end of five and eleven months the monthly routine samples 
were checked for each group. These results are presented in table 5. It 
will be observed that the geometrical mean microscopic count showed a 
marked reduction in number of bacteria in favor of the sodium meta¬ 
phosphate detergent mixture at the end of both five and eleven months 
periods. These experiments show that the introduction of sodium meta¬ 
phosphate into the detergent mixture tends to keep the bacteria count at a 
relatively lower level than the cleaners used which lack this material. 

An examination of the physical appearance of the milking machines 
showed a very marked difference between the machines cleaned with the 
sodium metaphosphate detergent mixture and those cleaned with other 


TABLE 5 

The effeot of cleaning milking machines with a detergent containing 
sodium metaphosphate 


Detergent contained 

No. of 
producers 

Duration 
of test 

Geometrical 

mean 

Microscopic 
clump count 

Sodium metaphosphate. 

7 

5 months 

110,000 

No sodium metaphosphate. 

7 

5 months 

219,000 

Sodium metaphosphate . 

7 

11 months 

77,000 

No sodium metaphosphate. 

7 

11 months 

113,000 
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cleaners. The machines were examined nine months after the start of the 
experiment. At that time every one of the machines cleaned with the 
sodium metaphosphate detergent mixture was free from milkstone on both 
the metal and rubber surfaces, and the machines were pronounced per¬ 
fectly clean. On the other hand, many of the control machines were 
heavily coated with milkstone, particularly in the rubber hose lines. 

CONCLUSION 

The experiments cited show that the use of a detergent mixture contain¬ 
ing sodium metaphosphate prevented the formation of milkstone on both 
the metal and rubber parts of the milking machines. The use of milking 
machines kept free of milkstone deposits made it possible to produce a 
lower count milk than was produced with the machines containing 
milkstone. 
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A REVIEW OP OXIDATION IN MILK AND MILK PRODUCTS 
AS RELATED TO FLAVOR 1 


W. CARSON BROWN* and L. M. THURSTON^ 

West Virginia Agricultural Experiment Station, Morgantown, W, Va. 

I. INTRODUCTION 

Tallowy, oily and fishy flavors, which are considered to be caused by 
oxidation, have been observed in storage butter since the early days of the 
industry. The objectionable nature of these oil-flavors caused losses which 
drew the attention of investigators to the problem of their prevention. Early 
investigations showed that air (152, 192, 194, 318), light (152, 192, 194, 305, 
318, 383) contamination by metals (11, 164, 209, 230, 392), acidity of the 
cream (131, 241, 242, 274, 275, 322) salt content of the butter (131), and 
storage temperature (131, 192, 194) all are factors related to the develop¬ 
ment of these flavor defects. Later work showed that several other factors 
may promote the oxidative changes in butter which affect flavor. 

More recently work on oxidation in milk products other than butter has 
been stimulated by investigations of the effects of metals on these products. 
Examples of this type of investigation are the work of Hunziker and asso¬ 
ciates (180, 181, 182) which showed that certain metals, particularly copper 
and iron, dissolve in the milk brought into contact with their surfaces and 
cause undesirable flavors; the work of Rice (288) which showed that tal- 
lowiness in sweetened condensed milk may be caused by copper contamina¬ 
tion resulting from contact of the milk with copper in vacuum pans; and, 
the report of Okuyama (260) which showed that copper contamination of 
milk during processing, rather than contact of the milk with the bottle cap, 
was causing so-called cappy flavor in the milks from four milk plants under 
the control of his laboratory. 

Examination of the literature available at the present time shows that 
many of the factors which favor oxidative changes in butter are concerned 
also -with the production of off-flavors in milk, dried milk, ice cream, and 
condensed milk. Since a given factor may produce oxidative changes in 
more than one dairy product, each factor, as it relates to various dairy 
products, will be discussed separately. 

II. EFFECT OF M1CRO-ORCJANISMS 

Butter —In 1894 Von Klecki (383), studying rancidity and the acid 
number of butter, observed that bacteria caused an increase in acidity. 

1 Published with the approval of the Director of West Virginia Agricultural Experi¬ 
ment Station as Scientific Paper No. 236. 

2 Department of Dairy Husbandry. 

a Department of Animal Husbandry, University of Florida. Deceased February 29, 
1940. 
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Probably this increase was not related to oxidative changes because later 
work by Sayer and associates (322), Rogers and co-workers (306, 307), and 
Stokoe (343) shows that micro-organisms are not associated with the devel¬ 
opment of oily and tallowy flavors in butter. However, Ritter and Christen 
(299) have found that active cultures of certain alkali-producing bacteria 
retard the development of fishiness in butter, perhaps by retarding or reduc¬ 
ing acidity (see Sect. VII). 

Milk and Cream —The relation of micro-organisms to the development 
of off-flavors in the fluid products, milk, cream, and ice cream, is quite dif¬ 
ferent. Kende (198) has shown that the addition of a culture of bacteria 
which grew well at temperatures below 10° C. prevented the development 
of oxidized flavor in milk. Kertesz (200) isolated this species and gave it 
the name Reduct o-b act crium Frigidnm neutrale . A preparation of this cul¬ 
ture has been made in dry form by drying milk which has been sterilized 
and inoculated. According to Ritter and Christen (296) the dry culture is 
effective in preventing oxidized flavor when added to milk or cream in a 
proportion of 1 to 25,000. They examined this preparation and found that 
it does not reduce methylene blue but does reduce 2, 6-dichlorophenol-indo- 
phenol; and that the active material can be obtained from milk sugar by 
extraction with alcohol or ether. They were able to isolate 5 to 7 per cent 
of hydroquinone from the dry material and considered this substance to be 
the active antioxidant. Kertesz (201) replied to Ritter and Christen stating 
that hydroquinone is known to be a product of the metabolism of certain 
bacteria and pointing out that it havS no harmful physiological effects. He 
stated also that the reducing bacteria are not of a single type, but are em¬ 
braced within a group whose individual types vary in the production of 
reducing compounds. 

Tracy (363) states that oxidized flavor develops more rapidly at 4° than 
at 20° C. and Thurston and Olson (361) noticed an oxidized flavor in milk 
which had been stored for several days at 38° F. and which showed little 
bacterial growth, whereas a duplicate sample of the same milk stored at 
52° F. showed considerable bacterial growth but no oxidized flavor. Roland, 
Sorensen, and Whitaker (310) found that bacterial counts of milk which 
showed oxidized flavor were generally lower than the counts of milk free 
from this defect. Tracy, Ramsey and Ruehe (366) extended information 
on the subject when they reported that oxidized flavor was less likely to 
occur in milk incubated at 68° to 90° F. for 1 to 6 hours before cooling and 
holding at 40° F. than was the case when milk was stored at 40° F. immedi¬ 
ately without incubation. Cream which had a tendency to develop oxidized 
flavor without incubation, when incubated showed a higher average score of 
about 3.5 points. They also found that the addition of living yeast cells to 
milk retarded the development of tallowiness, whereas the addition of dead 
cells had no effect. 
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Esselen (98) found that the growth of bacteria significantly retards the 
oxidation of ascorbic acid, especially when cultured in media containing 
fermentable carbohydrates. 

There is considerable evidence to show that the retarding effect of the 
growth of micro-organisms on the development of oxidized flavor in milk and 
cream accompanies and is usually parallel with a lowering of the oxidation- 
reduction potential. This has been shown by Kende (.198) and by Tracy 
and co-workers (366). The work of Thornton and co-workers. (354, 354a) 
and of Fay and Aikins (1, 102) on the methylene blue reduction test shows 
that the growth of micro-organisms in milk causes a lowering of its oxidation- 
reduction potential. This effect appears to be the result of the removal of 
dissolved oxygen by bacterial growth and the influence of natural reducing 
substances in the milk. The effect of absorbed oxygen was shown in an 
interesting way by Jackson (189) who found that milk drawn anaerobically 
from the udder of the cow reduced methylene blue almost instantaneously, 
whereas the same milk exposed to the air under normal conditions usually 
required more than 10 hours to reduce the dye. Strynadka and Thornton 
(344) found that abnormal udder conditions responsible for milk of high 
leucocyte content also were responsible for abnormally high concentrations 
of reducing substances in milk, although they observed that in common 
practice leucocytes are rarely, if ever, the main or significant influence in 
the reduction of methylene blue in milk. Davis (79) showed reduction of 
several dyes in ripened eheddar cheese, apparently brought about by the 
growth of bacteria. 


III. EFFECT OF METALS 

Iron and Copper Contamination —Weigmann (392) was one of the first 
to observe the catalytic effect of iron in the oxidation of butter fat. In 1891 
he attributed oily flavor in butter to iron which contaminated the cream 
kept in poorly tinned vessels for creaming. Marcas and Huyge (230) noted 
a bitter, astringent taste in the butter from milk kept in rusted iron cans, 
whereas milk held in non-rusted cans was of good quality. They found that 
cream having a normal iron content of 0.005 parts per 1,000 would increase 
to 0.240 parts after 22 hours contact with a rusted can, and to 0.270 parts 
per thousand after 46 hours. The butter from cream containing 0.240 parts 
per thousand contained 0.080 parts of iron per thousand of cream. Butter 
made from cream containing 0.270 parts per thousand contained 0.134. They 
concluded that the cream coming in contact with iron rust formed a lactate 
from the iron oxide and that the lactate was responsible for the bitter taste 
observed. The solvent action was found to be especially pronounced in 
cream of high acidity. Hoft (164) made butter from cream which stood for 
22 hours after the addition of 2 to 33 parts per million of ferrous ammonium 
sulfate. In the majority of the eight butters on which the report was based, 
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an oily metallic taste was observed. He made the significant observation 
that small amounts of iron acting for a long time had more effect than larger 
quantities acting for a shorter time. 

The effect of washing butter with water containing iron has been studied. 
Kooper (209) using a suspension of finely divided metallic iron in the water 
reported no effect on the butter washed with water containing iron in quan¬ 
tities up to 36 mg. of iron per liter. He believed that changes which may 
take place are caused by other substances in the water together with the iron 
and suggested that these substances probably are hydrogen sulfide or nitrous 
acid. The addition of rusted nails or pulverized iron rust to cream before 
ripening caused oily and metallic flavors in the butter. Another investiga¬ 
tor (11) reported that 9 to 15 mg. of soluble iron per liter of wash water 
caused oily and metallic flavors in the butter and that butter washed with 
water from which iron had been removed by oxidation and filtration did not 
show off-flavors. However, this investigator agrees with Kooper (209) in 
regard to the production of oily and metallic flavors by cream held in rusted 
vessels. Our present knowledge would lead us to believe that solubility is 
paramount in this connection. 

Rogers and associates (307) added copper and ferrous iron in the form 
of lactates or sulfates to cream and observed that distinct oily, metallic or 
fishy flavors developed in the butter after churning. The copper caused 
more intense flavors than did the iron. 

In 1917 Hunziker and Hosman (183) found that copper, as well as iron, 
catalyzed the development of tallowy flavor in butter. Either an iron nail 
or a copper wire imbedded in the butter caused bleaching and tallowiness. 
The addition of colloidal hydroxides of iron and of copper in minute quan¬ 
tities to butter (4 drops per 180 graips of butter) was tried with the result 
that the copper-contaminated sample became tallowy in 8 days, whereas the 
iron-contaminated sample did not show this defect after two months in 
storage at 32° F. Pure butter fat emulsified with casein and a slight excess 
of alkali showed slight tallowiness and bleaching after 5 days at room tem¬ 
perature in the presence of iron, copper, brass, or German silver. These 
samples were intensely tallowy and bleached after 28 days. Samples con¬ 
taining nickel and tin, which were normal after 5 days, had turned slightly 
tallowy without bleaching; and the butter fat of normal lactose content emul¬ 
sified without acid, alkali or metal addition remained normal. The iron- 
contaminated sample containing alkali became fishy. In all cases of bleach¬ 
ing and tallowiness observed by these workers the defects appeared first at 
the surface of the butter and developed inward. Later Hunziker (178) 
pointed out that the use of copper or German silver equipment in the process¬ 
ing of cream when the cream also was exposed to the action of air and light 
yielded butter which would develop a metallic, oily or fishy flavor. 

Singleton (331) states that the great majority of creamery butter in New 
Zealand has an iron content well below the maximum desirable figure of 1.5 
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p.p.m. but that a much higher proportion of the samples had a copper content 
exceeding; the desirable maximum of 0.2 p.p.m. 

Miwa (244) reports that the copper content of dried milks vary with 
brands and that the maximum content was 0.03 mg. per 10 grams while the 
minimum was 0.02 rag. In addition he reported that Japanese dried milk 
contained more copper than other foreign makes. Ilunziker (177) observed 
that the metallic flavor often found in sweetened condensed milk was due 
to the formation of copper oxide in the dome of the vacuum pan, and that 
when the copper, both in the pan and in its dome, were kept clean, bright, 
and shining, the product was practically free from a metallic taste. 

Emery and Henley (97) found that lard, corn oil, and cottonseed oil 
developed rancidity (oxidative) when stored in copper or iron containers 
and that lacquering the containers prevented this development. Clave! 
(49) warned that metals such as iron which dissolved when fats are stored 
in metal tanks or containers catalyze the reaction causing rancidity. 

In 1905 Golding and Feilman (125) reported that milk passed over a 
partially detinned cooler acquired a metallic flavor after about 18 hours. 
No doubt the so-called metallic flavor was identical with that referred to as 
oxidized flavor at present for the catalytic effect is indicated by the fact that 
18 hours intervened between contamination and development of the flavor. 
Little attention was given to the oxy-catalytic effect of copper in milk, how¬ 
ever, until attention was focused on the effects of metals on milk and of milk 
on metals by the work of Ilunziker (ISO) in 1925. Ilunziker pointed out 
that there were then many cases on record where the use of copper-coil 
suffice coolers in milk plants had caused the milk to develop a disagreeable 
metallic flavor. In most of these cases the tin coating on the copper was 
defective and retinning invariably prevented further trouble. Ilunziker 
cites numerous cases in which copper-bearing equipment had been known to 
cause development of undesirable flavor in milk. He reported also that iron 
contamination of milk produced similar effects although to a lesser degree. 
In 1927 Oktiyama (260) showed that a cappy or pulpy flavor, noticed at four 
different milk plants, was caused t>y copper contamination. 

The effect of copper contamination on the flavor of milk brought to atten¬ 
tion the natural copper content of milk as a possible cause of oxidized flavor. 
In 1922, Supplee and Beilis (346) reported imeontaminated milk to contain 
0.04 mg. of copper per 100 grams. Later work has indicated this figure to he 
too high although workers are not in agreement as to the amount of copper 
present. One group of workers (93, 116, 244) have found the average cop¬ 
per content of milk to be about 0.3 mg. per liter. Other workers (62, 210, 
211, 412) report the natural copper content of milk to be 0.14 to 0.17 mg. 
per liter. These results indicate the need for accurate and reliable methods 
for the determination of copper in minute amounts. 

Likewise, results vary as to the amounts of iron found naturally in milk. 
Davies (83) reported the iron content of uncontaminated milk to vary 
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between 1.18 and 2.32 p.p.m., whereas Dahlberg and Carpenter (63) reported 
an average of 0.379 mg. per kg. Over the course of a year, Krauss and 
Washburn (211) reported the iron content of milk to vary between 0.34 
and 0.43 mg. per liter. Guthrie and Brueckner (142) found that certain 
cow's milk developed oxidized flavor without metallic contamination. 

Evidently as better methods become available, better agreement on the 
mineral content of milk will be obtained. Eehave (93) obtained a slight 
increase in the copper content of milk produced on feeds high in copper. 
However, Liebscher (219) was unable to increase the copper content of milk 
by feeding beet tops treated with copper. Rice and Miscall (289), in 1923, 
were two of the earliest workers to determine experimentally the amount of 
corrosion of copper by milk. They used a procedure in which copper strips 
were immersed in milk under various conditions and determined the amount 
of corrosion by loss of weight. Many workers have used this procedure with 
minor variations. 

Temperature was one of the first factors shown to influence the rate of 
corrosion. Rice and Miscall showed that less copper was dissolved at boiling 
temperature than at room temperature. Whitfield et al. (402) reported 
greater corrosion at 144° F. than at 60° F. Gebhardt and Sommer (117, 

118, 119) showed that the solubility of copper increased up to 1.58° F. and 
then decreased. Trebler et al. (369) found greater corrosion of copper, 
nickel, and nickel-silver in milk at 140° F. than at 158° F. Miscall and 
co-workers (243) found that the dissolving power of milk increased up to 
140-145° F. and then decreased. Quam (283) working with copper in milk 
at temperatures ranging in 9° intervals between 86° and 212° F. reported 
the maximum corrosion at 185-194° F. 

The presence of oxygen has been r shown to increase the rate of copper 
corrosion, whereas the presence of carbon dioxide decreased it (117, 118, 

119, 243, 289, 402). Copper with an oxidized surface shows an increased 
amount of corrosion (289). Henderson and Roadhouse (155) reported 
lower rates of corrosions for copper in alloys containing tin and zinc. 

Many workers (104, 119, 145, 214, 240, 282, 293, 369, 396, 402) have 
observed high corrosion rates for nickel exposed to the action of milk and 
an oxidized flavor has been observed in one instance (145), a metallic flavor 
in another (402) and an off-flavor in still another instance (293). In the 
last case the off-flavor was not tallowy when compared to the copper-induced 
flavor. 

Aluminum (104, 119, 144, 145, 181, 213, 282, 293, 396, 402) has been 
shown to withstand corrosion by milk and does not give off-flavors. How¬ 
ever, aluminum is readily corroded by alkali washing powders (181). 

Chromium-nickel steel, stainless steel, and Allegheny metal (119, 144, 
181, 182, 281, 369, 396, 402) withstand corrosion by milk and produce no 
off-flavors in the milk. 
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Galvanic effects can occur wherever dissimilar metals are coupled in hot, 
aerated pasteurized milk. Likewise, galvanic corrosion can occur solely as 
a result of a difference in temperature of identical metal surfaces exposed to 
a given solution. These effects are well known, and certain metal couplings 
are avoided. Wesley, Trebler, and LaQue (396) prepared a cell with a 
nickel electrode in milk and studied the effect of temperature variations. 
They concluded that the temperature effect is of little importance under 
pasteurization conditions, and that in this instance the galvanic effect of 
differential aeration can be of greater importance than that of temperature 
difference. 

Fink and Rohrman (104) have demonstrated that nickel may replace 
copper in solution during pasteurization and that the resulting pasteurized 
milk may be lower in copper content than the milk prior to pasteurization. 

Ellenberger and White (94) observed a metallic flavor in cream pasteur¬ 
ized in contact with copper and stored for six months at 0° F. Guthrie 
(.141) observed that metallic flavors were caused by factors other than the 
direct contact of the cream with the metal. He observed that cream only 
slightly metallic in flavor yielded buttermilk with a strong metallic flavor 
even when churned in a glass churn. Rogers, Berg, Potteiger, and Davis 
(307) studied the factors influencing the change of flavor in storage butter 
and observed that ferrous sulfate or ferrous lactate added to cream prior 
to churning caused a distinct off-flavor described as oily, metallic or fishy. 
Copper sulfate and copper lactate produced these results much more in¬ 
tensely than the ferrous salts. IJunziker and Hosman (183) and Hunziker 
(178) verified the findings that metallic and oily flavors were related to 
either iron or copper contamination. They likewise observed that copper 
was more active than iron in bringing about this defect. 

In addition to oily, metallic, and tallowy flavors of butter, fishy flavor 
appears to be closely correlated with iron and copper contamination. In 
1923 Sommer (335) reported before the World's Dairy Congress that tri- 
metliylamine is the immediate cause of fishiness in butter and that it is pro¬ 
duced mainly, if not entirely, by the chemical decomposition of lecithin. In 
a discussion of Sommer's paper Hunziker characterized tallowiness and 
fishiness as closely related flavors. He regarded both as arising from the 
same combination of factors with the exception of the acid reaction which 
accompanies fishy flavor. 

The development of fishiness in butter (193) like that of tallowy flavor 
in cream (298) appears to be retarded or reduced by high temperature 
pasteurization. Likewise bacteria which reduce the oxygen content of but¬ 
ter (193) or cream (297, 298) retard or inhibit these flavor defects. 

Since the off-flavors are believed to be due to oxidation the factors affect¬ 
ing the oxidation of butterfat have received increasing attention. In 1931 
Briggs (27) showed that certain metallic catalysts exerted a great influence 
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in hastening the reaction. Ultra violet light, hydrogen peroxide, and fat 
peroxides had a strong pro-oxidative effect and lactic acid had a similar hut 
less pronounced effect. The presence of curd exerted an anti-oxygenic 
effect, but glycerol, triolein, lactose, iodine, potassium iodide, high humidity 
and pasteuriaztion had little or no influence. Henderson, and Roadhouse 
(154) have shown that direct sunlight increases the percentages of unsatu¬ 
rated fats in the milk fat. 

The form which copper takes in milk and milk products has been the 
object of different investigations. Osborne and Leavenworth (266) and 
Vandevelde (381) have shown that copper combines with the proteins. This 
combination seems to be a matter of adsorption rather than direct chemical 
combination. Most investigators believe that the copper ion acts in some 
way to catalyze the reaction whereby an oxidized flavor is produced. Smythe 
and Schmidt (334) have reported data which suggest that those substances 
which possess a particular grouping within the molecule will hold iron as an 
undissociated compound. Smythe (333) has presented a theory for the 
mechanism of iron catalysts. Warburg (385) and Hoard and Rideal (124) 
believe that in oxidations by ferrous salts, the ferrous iron forms a peroxide 
and that this peroxide is the oxidant. Davies (84) has shown that iron and 
copper distribute themselves between cream and separated milk in propor¬ 
tion to the curd nitrogen, but upon complete centrifugation of the fat a 
higher concentration of metals occurs in the cream, indicating adsorption of 
complex proteinates at the fat-globule surface. The exact mechanism 
whereby either copper or iron catalyzes the off-flavor produced in milk and 
milk products is not as yet adequately explained. 

As already mentioned Golding and Fed man (125) were probably the first 
to report the effect of copper on the flavor of milk. Since that time the 
effect of copper and iron on milk flavor have been noted by a large number 
of investigators (30, 45, 61, 63, 83, 88, 122, 126, 133, 141, 198, 212, 232, 245, 
246, 276, 293, 300, 337, 342, 391). This flavor has been variously character¬ 
ized as cappy, cardboard, oxidized, papery, metallic, metallic and oily, emery, 
oleagenious, and tallowy. It is generally agreed that this flavor is the result 
of oxidation and the term “oxidized” is now generally used. 

Because of the importance of copper in milk Ritter (292) developed a 
test for copper based upon the peroxide reaction. Turgeon, Stebnitz and 
Sommer (379) modified this test slightly and found (380) that vitamin C 
complicated its application. Herrington and Brereton (158) developed a 
flame test for determining the presence of copper in a metal or alloy. 

Sommer (335) has reported that fishy flavor in butter is the result of the 
production of trimethylamine from the lecithin. High acid, high salt, over¬ 
working, and the presence of iron or copper are factors favoring fishiness. 
Iron and copper salts act as oxidative catalysts. In comments following 
Sommer’s paper, Hunziker states that he regards fishy and tallowy flavors 
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as being closely related in that both result from much the same combination 
of factors. Bitter and Christen (297) and Jensen and Bitter (193) also 
have shown that copper and iron contamination favor fishiness in butter fat 
but the former workers observed notable exceptions which indicated that 
other factors were involved. Horrall and Epple (176) have recently devel¬ 
oped a modification of Bitter *s test for copper in butter. 

It has been known for some time that subsequent to the contamination 
of milk with copper, iron, or both, oxidized flavor may develop. The pres¬ 
ence of these metals as contaminants does not always cause oxidized flavor, 
however, and the exceptions will be discussed in connection with the effects 
of feed of the cow and effects of processing (Sections VI and XI). 

Induction Period and Peroxide Value —Considerable information has 
been gained by the use of the induction period method of Greenbank and 
Holm (137a), sometimes with minor variations. This method consists in 
maintaining fat at 95° C. in a gas-tight flask with agitation under an atmos¬ 
phere of oxygen and measuring the amount of oxygen absorbed by the fat. 
Fats subjected to this treatment usually do not take up any considerable 
amounts of oxygen for some time. This period is called the induction period. 
At the end of the induction period rapid oxygen absorption begins. The 
length of the induction period is considered to be a measure of the resistance 
of a fat to oxidation. This method permits study of the effects of various 
added substances on the susceptibility of the fat to oxidation. Wriglit and 
Overman (409) found that the induction period of one butter fat was re¬ 
duced from 32 hours to one hour when it was contaminated with copper. 
Briggs (27) found that the presence of certain metallic compounds shortens 
the induction period in decreasing order as follows: sodium vanadate, copper 
lactate, iron lactate, and nickel sulfate. He found that zinc lactate, on the 
other hand, increased the induction period slightly. Henderson and Boad- 
house (154) added copper to milk, allowed it to stand for some time and 
found that the induction period of the fat of the milk had been reduced. A 
slight reduction was produced by nickel also, whereas 18-8 chromium-nickel 
steel produced no change. 

The peroxide value of fats, as outlined by Wheeler (397), also has been 
used as a means of measuring the progress of oxidation. This method is 
based on the liberation of iodine from potassium iodide by peroxides formed 
in the fat. Since peroxides form during the oxidation of a fat, this value 
is considered to be an excellent indicator of the progress of the reaction. 
Bitter and Nussbaumer (301) found that copper added to butterfat acceler¬ 
ates peroxide formation in the presence of light. Later they reported (302) 
that small amounts of copper palmitate caused a large increase of peroxide 
value but large amounts caused little or no change. They found also that 
in butter which is tallowy already, increased amounts of copper inhibit 
peroxide formation, especially in the presence of heat and light. 
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Ritter and Nussbaumer (301, 302) have shown that the peroxide number 
of fat is a measure of its content of active oxygen, and therefore of its ten¬ 
dency to undergo oxidation. Their data show an increase in the peroxide 
number of a fat in the presence of light (especially in an unsaturated fat), 
air, copper, and a high temperature; a decrease in peroxide number occurs 
when 0.1 to 1.0 per cent of hydroquinone is added. Peroxide number was 
markedly reduced by heating butter fat at 195° and at 250° C., but such 
heating destroyed anti-oxidative properties, resulting in a marked increase 
in peroxide number upon later storage. Measuring the increase in peroxide 
number upon storage for 8 hours at 104° C. was an easy and reliable method 
of determining the keeping quality of butter. When air was passed through 
heated butterfat, the peroxide number increased rapidly. Copper in the 
form of fat-soluble copper palrnitate, accelerates the assimilation of oxygen 
and increases accordingly the peroxide number of the fat, when it is stored 
in the dark at normal temperature. JThe higher the storing temperature, the 
more rapid was the increase of the peroxide number. The lower the peroxide 
number in this test the less the tendency for the fat to oxidize. When fat is 
being oxidized under the influence of heat there is a distinct increase in 
weight. Fats extracted according to the Roese-Gottlieb method very often 
show an extremely rapid increase in the peroxide number. Ritter and Nuss- 
bauraer demonstrated that the addition of increasing quantities of fat-soluble 
copper palrnitate to butter fat caused the peroxide number to increase. The 
peroxide number increased more rapidly during storage of the fat in the 
dark at ordinary room temperature, as the concentration of copper palrnitate 
increased within the chosen range of 0.000,001 to 0.33 per cent. On the other 
hand, when the copper containing fat was stored at ordinary room tempera¬ 
ture in the light, it showed a slower increase in the peroxide number than fat 
w r hich was free from copper. Later on the peroxide number of the butter 
fat contaminated with copper decreased in spite of a continued exposure to 
light. This was not the ease with the copper-free fat. 

On heating the samples during 8 hours at 104° C., fats which contained 
about 0.000,1 per cent of copper palrnitate revealed the greatest increase, and 
fats with a greater copper content showed a lesser increase, of the peroxide 
number. The reason for this phenomenon is that copper not only accelerates 
the assimilation of oxygen to increase the peroxide number, but also hastens 
the further conversion of the fat peroxides. That is why the peroxide num¬ 
ber decreases again in the presence of greater amounts of copper as well 
as in the presence of light and warmth. Moreover, a distinctly tallowy 
butter fat, when heated at 104° C. for 8 hours, gave a decreased peroxide 
number as the amount of copper palrnitate added was increased. The nature 
of this second state of copper catalysis which brings about the destruction 
of the fat peroxides is not fully understood. 

Wright and Overman (409) have shown an induction period of nearly 32 
hours for fresh butter fat as compared with 5 hours for a 2 year old fat, 3 
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hours for butter fat containing 1 per cent lactic acid, and less than 1 hour 
for butter fats contaminated with copper. Temperature was found to accel¬ 
erate oxidation of butter fat in proportion to the height of the temperature. 

A great amount of work has been done on the various factors affecting 
rancidity (oxidative) in fats. Emery and Henley (97) have shown that air, 
oxygen alone or in combination, light, and metals are among the factors 
which influence the development of rancidity. Streaming C0 2 as a source of 
inert gas was found ineffective. Salkowski (318) regarded the development 
of rancidity in lard and butter fat as due to the combined activity of oxygen 
and light, and as a direct oxidation process in which the oxygen consumption 
could be measured. He believed that the speed of the reaction depended 
upon the intensity of the light and that, little oxygen was consumed in the 
absence of light. 

MacLean and Pearce (226) have shown that hydrogen peroxide w T ith 
oleic acid in the presence of a copper catalyst brings about oxidation first 
at the 9th and 10th carbon atoms and then proceeds further in the 18-carbon 
chain. The oxygenated chain then breaks up. Succinic and oxalic were 
the only dibasic acids isolated. The 8 terminal carbon atoms of the oleic acid 
chain arc broken off, and the remaining part of the chain appears to be com¬ 
pletely broken up. The copper salt greatly increased the extent of oxida¬ 
tion. Clave! (49) studied the oxidation of oleins and concluded that there is 
a relationship between the drop in the iodine number of fats during storage 
and the adsorption of oxygen causing rancidity. Metals such as iron which 
are dissolved when fats are stored in metal tanks or containers catalyze the 
reaction. 

The manner in which the oxidation of the fat takes place has been the 
subject for much speculation. Weiland and Franke (393, 394, 395) suggest 
that hydrogen peroxide can be used as the oxidant in studying the oxidation 
of organic acids in the presence of ferrous salts. Their conclusions are that 
the ferrous ion unites with the substrate thereby making the latter more 
susceptible to oxidation. On tlie other hand Warburg (385) and Goard and 
Rideal (124) believe that in oxidations by ferrous salts the ferrous ion forms 
a peroxide and that this peroxide is the oxidant. 

Just what the mechanism is whereby the action of metals on the oxida¬ 
tion of fats is produced is difficult to demonstrate experimentally. How¬ 
ever, the effect of metals on the quality of the product is well known and it is 
deemed advisable to keep the metal content as low as possible. 

Oxidation-Reduction Potentials —One of the earliest works showing a re¬ 
lationship between oxidized flavor development and oxidation-reduction po¬ 
tential was made by Tracy, Ramsey, and Ruehe (366) in 1933. They showed 
that the normal tendency for freshly drawn milk was to shift toward a lower 
potential but that the addition of copper caused a shift toward higher poten¬ 
tial. This was later verified by Thurston (355), Webb and Hileman (387) 



640 


W. CARSON BROWN AND It. M. THURSTON 


and Greenbank (135). Thurston showed that iron, like copper, invariably 
raised the oxidation-reduction potential of the milk when an oxidized flavor 
was produced. His results showed that salts of tin and aluminum, when 
added to milk, produced a lower potential than that of normal milk and did 
not cause an oxidized flavor. Webb and Hileman (388) and Greenbank 
(136) showed that by the addition of copper and subsequent observation of 
the potential it was possible to predict, to a fair degree of accuracy, those 
samples which later become oxidized. Greenbank (135) has shown that a 
change from dry to green feed is paralleled by a decrease in oxidation-reduc¬ 
tion potential and by an increase in the poising action (see Section VII 
‘‘Effect of Feed”)• It was his belief that the thermal inhibition of the flavor 
acted through a lowering of the oxidation-reduction potential. Webb and 
Hileman (387) have shown that summer milk does not develop oxidized 
flavors even in the presence of a high oxidation-reduction potential. Thorn¬ 
ton and Hastings (354) and Fay and Aikins (102) found that the time 
curves of milk with and without methylene blue were in close agreement. 
Likewise, it was found by Kende (198) that milk which developed an oxidized 
flavor had a long reduction time as judged by methylene blue. Aikins and 
Fay (1) have shown that fat plays an important role in potential changes 
and that sunlight causes a drift toward lower potential. Likewise, light in 
the visible spectrum reduces methylene blue (189). Thornton and Hastings 
(354a) believe that reduction in milk is accompanied by the removal of 
oxygen by bacteria. Tracy and co-workers (366) have shown that incuba¬ 
tion of milk prior to contamination with metal reduces the tendency for 
oxidized flavor to develop. Recently Strynadka and Thornton (344) have 
shown that abnormal udder conditions for milk with high leucocyte content 
were also responsible for abnormally'high concentrations of reducing sub¬ 
stances in milk. 

Since it appears that anything which tends to lower the oxidation-reduc¬ 
tion potential, tends to prevent the occurrence of oxidized flavor, it appears 
that many factors may indirectly or directly be involved in the development 
of oxidized flavor. 

Off-flavor in Ice Cream —Tallowy or oxidized flavor in ice cream has at¬ 
tracted the attention of many different research workers (24, 69, 70, 73, 225, 
314, 315, 365). Although tallowy flavor is generally associated with straw¬ 
berry ice cream Ross (314) has pointed out that it may occur in any kind of 
ice cream but may be masked by the flavoring. The work of Dahle and 
Josephson (73) shows that vanilla ice cream will develop a tallowy flavor but 
that it will not acquire this flavor as readily as strawberry ice cream. Mack 
and Fellers (225) concluded the rapid flavor deterioration in strawberry ice 
cream was the result of oxidation of the butter fat. Working along this 
same line Ross (314) was unable to determine any changes in the degree of 
oxidation of fats of a magnitude that could be detected by the usual chemical 
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technique. The trend of the flavor development indicated that fat oxidation 
might be the cause of the defect. However, oxygen adsorption, as measured 
by the test for oxidase, gave no proof that oxidizing agents had any part in 
the flavor development. Iverson (188) states that the trend in iodine num¬ 
ber of the fat points toward oxidation during the development of the off- 
flavor. Bird and co-workers (24) found a tendency for the drop in iodine 
numbers of the fats to be greatest in the samples whic.li develop the defect 
most rapidly. Iverson (188) was unable to find any correlation between the 
initial and final Reiehert-Meisel numbers and (the actual values were deter¬ 
mined on the extracted fat at the beginning of the trial and after 60 days of 
storage) the development of the off-flavor. 

Certain factors are related to the development of tallowy flavor in straw¬ 
berry ice cream. Chief among these seems to be the presence of metallic 
salts (71, 188, 225, 365). Roundy and Jackson (315) observed that when 
condensed mixes were stored for 3 months and then made into ice cream, the 
lots made from mixes condensed in copper pans were criticized twice as often 
as those made in stainless steel or nickel pans, lioss (314) reports that iron 
does not seem to be a factor whereas Iverson (24, 188) found that samples 
high in iron showed a reduced tendency to develop an oxidized flavor. He 
suggested that possibly the iron was combined in the ferrous form and served 
as an anti-oxidant. 

Mack and Fellers (225) reported that strawberries contain enzymes 
which aid in developing this off-flavor but Iverson and co-workers (24, 188) 
found that the oxidases introduced by the fruit are not the cause of the off- 
flavor. They found that if the berries wore soaked in the mix before freez¬ 
ing the flavor development was retarded. Likewise, increasing the amount of 
fruit used has been found to retard the onset, of tallowy flavor (71, 365, 367). 
Tracy, Ramsey and Ruche (367) offer the explanation that the strawberries 
contain two agents affecting fat oxidation, one contained in the juice which 
serves as a catalyst while the other in the fiber serves as a reducing agent. 
Dahle and co-workers (69, 71) found that the off-flavor may occur as readily 
in pineapple ice cream as in strawberry and that the heating of berries and 
the ice cream mix to 180° F. for one hour did not prevent the development 
of this off-flavor. These results would lead one to believe that factors other 
than the oxidases in the fruit arc responsible for the onset of this defect. 

In their pioneer work Mack and Fellers (225) reported that the acid na¬ 
ture of the strawberries induced off-flavor development. This observation 
was borne out by the work of Dahle and Folkers (71) who reported the neu¬ 
tralization of the acid in strawberries delayed the onset of tallowy flavor. 
However, Tracy, Ramsey and Ruehe (367) reported that an increased citric 
acid content of the berries did not hasten or delay the onset of the flavor. 

Dalile and Folkers reported in 1932 that no ‘ 4 cardboard’’ flavor devel¬ 
oped in ice cream where dry skim milks were used in mixing formulas but 
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that it did occur in most samples containing condensed skim milk. This ob¬ 
servation was later confirmed by Ross (314). He observed that samples 
made with condensed skim milk contained more copper and developed the 
cardboard flavor before similar samples made with dried skim milk. These 
results might be expected because larger amounts of solids were introduced 
by the condensed milk which probably contained more copper than the dried 
skim milk. 

Dahle and Folkers (71) reported that the use of cardboard flavored milk 
or skim milk had little effect on the flavor of the ice cream but that sufficient 
copper was introduced through the condensed milk to cause the flavor. They 
observed that when the pans were kept well polished no off-flavors resulted. 
Bird and co-workers (24) reported that the copper content of dry skim milk 
samples ranged from 0.20 to 1.08 p.p.m. and the condensed skim milk samples 
ranged from 0.24 to 2.12 p.p.m. of copper. However, their results showed 
that ice cream made with dry skim milk as a source of serum solids developed 
oxidized flavors to a greater extent than those containing condensed skim 
milk. Ice creams made from condensed skim milk containing 2.7 p.p.m. of 
copper often developed oxidized flavor while on the other hand similar 
samples prepared from skim milk condensed in stainless steel pans did not 
show oxidized flavors. In the range between 1.18 and 1.8 p.p.m. of copper no 
predictions could be made as to the development of oxidized flavor defects. 
Apparently the state of the copper is more important than the total amount 
of copper present. 

Flavor Defects in Condensed Milk —There is ample evidence to show 
that copper is detrimental to the flavor of condensed milk. Hunziker (177) 
and Rice (288) have pointed out that the manufacture of sweetened con¬ 
densed milk in vacuum pans that have a coating of copper oxide on them 
results in a metallic- or tallowy-flavored product. The results of Rice indi¬ 
cate that the reaction is of a chemical nature and that the presence of air or 
oxygen greatly accelerates the rate of flavor development. Since condensed 
skim milk is much lower in fat content and much lower in flavor develop¬ 
ment than condensed whole milk the conclusion was reached that the flavor 
was the result of oxidation of the fat. Rice was able to produce tallowy 
flavor by adding copper and iron tartrate. Copper produced a much 
stronger flavor than iron and on this basis iron was believed to be of minor 
importance in the production of tallowy flavors in condensed milk. Both 
Genin (120) and Donauer (91) have observed the effect of copper on the 
flavor of condensed milk. Genin concluded on the basis of corrosion tests 
that practically all metals other than copper constitute better materials for 
the construction of evaporating pans. A factor which operates automatically 
to cheek the corrosion of metals in contact with the milk product being pro¬ 
cessed is the formation of a protective milk film. This protective film is less 
effective in the case of copper. Roundy and Jackson (315) observed that 
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although copper dissolved in the use of copper vacuum pans nevertheless it 
did not affect either the flavor or the keeping quality of evaporated .milk. 
On the other hand Sommer and Gebhardt (337) found the flavor and color 
of evaporated milk impaired in direct proportion to the amount of copper 
present. They found appreciable amounts of copper dissolved in the making 
of Swiss cheese but reported no flavor defects due to the increased copper in 
this product. 

IV. EFFECT OF AIR AND OXYGEN 

Butter and Butter Fat —In 1890 Jtitsert (305) reported rancidification as 
an oxidative change which required only the presence of oxygen and which 
could be accelerated by light. Later work (38, 192) showed that in addition 
to air, light and warmth greatly accelerated the rate of the reaction. As the 
result of his studies Jensen (194) came to the conclusion that air was impor¬ 
tant in butter deterioration only when accompanied by sunlight and high 
temperature. These results (192) indicate that olein is the point of attack 
when oxidation Lakes place. 

Barnicoat (14) showed that practically no oxidation of butter fat 
occurred at 80° F. in an air pressure of 0.04 inches of mercury. Some inhibi¬ 
tion of oxidation was noted in proportion to the extent of the vacuum used, 
at pressures of 3 to 10 inches, as compared to normal air pressure. Butter 
fat packed in tins under reduced air pressure was preferred to butter packed 
in and stored at atmospheric pressure for 3 to 6 months at 14° F. Flavor 
defects, when present, were mainly at the surface of the butter. 

Harms (152) observed that under the influence of air and light the 
saponification equivalent and the acid number of butter fat increased, where¬ 
as the iodine number decreased, and the Reichert-Meissl number remained 
unchanged. Butter subjected to the action of air and light gradually lost 
its yellow color, became lardy in appearance, smelled very rancid and had a 
sharp, tallowy taste. Ncstrelayev (258) observed that butters from different 
parts of the country differed in their susceptibility to the action of light and 
air. The larger the content of unsaturated acid present the greater was the 
effect of light and air. The greatest changes produced by the action of light 
and air were in the Koeststorfer number, the average molecular weight of the 
non-volatile acids, and in the iodine adsorption number. 

Browne (39) studied the spontaneous decomposition of butter fat over a 
period of 28 years by means of loosely stoppered samples and found a marked 
increase in the content of free and volatile acids and a considerable decrease 
in the content of insoluble acids. He advanced the theory that the disintegra¬ 
tion of the fats was primarily due to the action of active or nascent oxygen, 
one atom of which was liberated for each atom absorbed at the points of 
unsaturation. Greenbank (334) obtained a negative Kreis test on butter fat 
following the removal of the free fatty acids by means of steam distillation, 
stored under vacuum in diffused light for three years. His study of the 
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effect of heat and air upon the oxidation of fats in the absence of light showed 
a fall in the induction period after 3 months from 248 minutes to 41 minutes. 

Gray (131) observed that butter packed in full cans kept better than 
butter packed in partially filled cans. He attributed this difference to the 
action of air. In a discussion arising over the benefits to be derived from 
carbonation of butter Hunziker (179) reported that if butter is properly 
made it will have equally as good keeping qualities whether or not it is car¬ 
bonated. Emery and Henley (97) found streaming C0 2 , as a source of inert 
gas, inflective in preventing rancidity. However, Prueha, Brannon, and 
Buehe (280) reported that the storage of butter in an atmosphere of C0 2 in 
tightly-sealed cans improved its keeping qualities, in that storage flavors did 
not develop as soon as in air and that mold growth was prevented. Since 
oxygen is necessary for the reaction whereby rancid and tallowy flavors are 
produced its seems reasonable to believe that the exclusion of oxygen would 
reduce or eliminate the development of these flavors. 

Salkowski (318) in studying the rancidity of lard and butter fat believed 
it to be the result of the combined activity of oxygen and light, and that it 
was a direct oxidation process in which the oxygen consumption could be 
measured. Biegfield (329) studied the oxidation of butter fat and found 
that fresh fat exposed to light and air for 3 months increased in weight about 
1 per cent and that the acidity increased nearly four fold. Iu addition he 
found increased Reichert-Meissl, saponfication, and Polenske numbers, and 
a decrease in the iodine number. Holm (165, 167) studied the amount of 
gas taken up in the oxidation of fresh butter fat and found that an induction 
period was necessary before the oxygen was absorbed. Following the induc¬ 
tion period oxygen w T as absorbed in a logarithmic manner. Determinations 
of acidity, iodine number, iodine liberated from potassium iodide in 24 hours, 
and Kreis tests were made. Of these determinations only the Kreis test gave 
results which would detect small differences in the degree of oxidation. He 
found no relation between oxygen absorbed and olfactory detection. A mix¬ 
ture of heptylie aldehyde and pelargonic acid added to fresh butter fat gave 
a tallowy taste but no Kries test. 

Rogers et al. (307) used an especially designed apparatus and found that 
the volume of gas in freshly made butter was approximately 10 per cent by 
volume. Of this, 33 per cent was nitrogen, 20 per cent w r as oxygen and the 
remainder was absorbable by sodium hydroxide. They found the oxygen 
content was materially reduced after storage. 

Aspegren (12) studied atmospheric oxidation and found that during 
exposure at 145° F. the nitrogen increased and the iodine number decreased. 

Sommer (335) found that air was related to fishiness in butter. Over¬ 
working of butter tended to increase the air content of the butter and thus to 
increase the oxygen available for the oxidative production of trimetliylamine. 

Dried and Fluid Milk —Holm (165) found that tallowiness appeared first 
in samples of dry milk with the lowest moisture content. The dry product 



OXIDATION IN MILK AND MILK PRODUCTS 


645 


of approximately 2 per cent moisture and the spray product of approxi¬ 
mately 3 per cent moisture were found to be optimum for delaying tallowy 
flavors and odors. Samples above 4 per cent in moisture content always de¬ 
veloped a fishj r flavor. Whether or not the butter fat would absorb oxygen 
rapidly was found to depend not so much upon the quantity of oxygen avail¬ 
able as upon the susceptibility of the fat. He pointed out that very small 
amounts of oxygen are necessary for the progress of oxidation. Somewhat 
contrary to what might be expected Holm at al. (171) found that in a live- 
month storage period air storage was best, vacuum storage was second and 
carbon dioxide storage w r as the poorest of the three methods, as judged by the 
induction period. These workers concluded that the inherent keeping qual¬ 
ity of the fat was more important than the nature of the atmosphere in which 
it was stored. 

Dahle and Palmer (76) found that milk powders high in moisture rapidly 
became tallowy when stored in moist air. They emphasized the point that 
containers most be absolutely tight to outside air and moisture to insure good 
keeping qualities. Palmer and Dahle (271) found that practically all the 
granules in spray process dried milk contained air cells and that the onset of 
tallowiness was found to be proportional to the size of the air cell. Con its 
(59) also reported drum process powders superior to spray process in keep¬ 
ing quality. 

Green bank (133) has reported that aeration of milk increases the copper- 
tolerance of the milk. He found that aeration plus pasteurization gives the 
greatest protection against oxidized flavors. This does not appear to agree 
with the findings of Dahle and Palmer (78) who found that they could in¬ 
hibit the development of oxidized flavor by the removal of oxygen. How¬ 
ever, Brown, Tracy and Prucha (37) found that cappy or tallowy flavors 
usually developed more rapidly in vacuum capped milk. (This vacuum was 
insufficient to remove the dissolved oxygen). Hand at al. (143,151) showed 
that the development of oxidized flavor could be largely or completely pre¬ 
vented by a process of vacuum cooling whereby the dissolved oxygen was 
largely removed from the milk. From these results it would appear that dis¬ 
solved oxygen plays an important role in the development of oxidized flavor 
in milk. However, the amount of oxygen required to produce the off-flavor 
is very small and in order to prevent its development the oxygen apparently 
must be almost completely removed. 

Tracy (362) reported a surface taint developed on frozen whipped cream 
in the hardening room. He described these odors as being absorbed from 
the air in the hardening room. 

Although no work has been reported on the effect of air or oxygen on the 
development of oxidized flavor or tallowy flavor in ice cream, nevertheless 
oxygen might be expected to play a similar role in this product. The nature 
of the product is such as to insure an adequate amount of oxygen present for 
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the development of these off-flavors which would be expected to appear when¬ 
ever other conditions were suitable. Here lower temperature evidently 
plays a role and aids in slowing down the rate of development of oxidized 
flavor. 

V. EFFECT OF LIGHT 

Butter and Butter Fat —In 1894 Yon Kleeki (383) observed that butter 
must be kept away from direct sunlight and at a low temperature to main¬ 
tain its quality. About five years later Hanus (152) noted that butter sub¬ 
jected to the action, of air and light gradually lost its yellow color, smelled 
very rancid, and had a tallowy taste. This was accompanied by' an increase 
in acid number, and a decrease in iodine number. Nestrelayev (258) found 
that butters from different parts of the country differed in their susceptibil¬ 
ity to change with exposure to air and light depending upon the content of 
unsaturated acids. Iteinmann (287) expressed the opinion that light was 
not as important in causing rancidity as claimed by some investigators. 
Since that time various workers have observed the effect of light (27, 29, 38, 
97,103,134,154,192, 202, 215, 218, 301, 302, 318, 329) and it has been estab¬ 
lished that light does have an important accelerating effect on fat oxidation. 
Kuemele (316) pointed out that it is the action of light and the composition 
of the fatty acid mixtures which determine the speed of fat spoilage. Steb- 
nitz and Sommer (338) have shown that butter oil will oxidize by high tem¬ 
perature aeration in the absence of light, to produce a tallowy flavor in 3 
hours. By use of ultra-violet light a tallowy flavor was produced in 15 min¬ 
utes. The flavor produced by light differed somewhat from that produced 
by aeration alone. Sunlight likewise produced a tallowy flavor in 35 min¬ 
utes, while diffused sunlight required 12J hours to produce a tallowy flavor. 
Lamp light (100-watt at 10 crp.) gave a tallowy flavor after 4 days, whereas 
infra-red light did not cause a tallowy flavor in 14 hours, at which time the 
experiment was discontinued due to rise in temperature of the fat. 

These findings have focused attention on the types of wrapping material 
xised as a means of light control (17, 324). Davies (85) found that as a gen¬ 
eral rule the depth of color was more important than the actual color, in pre¬ 
venting oxidation. He observed that light blue was the least effective in 
preventing oxidation. This finding was verified by Morgan (248). Green- 
bank and Holm (138) in studying the relative accelerating effect of light of 
different parts of the visible spectrum on autoxidation of cottonseed oil, 
found the greatest acceleration in the range of the orange band. Holm, 
Greeubank, and Deysher (170) found that ultra-violet light had a powerful 
effect on the susceptibility of fat to autoxidation as judged by the induction 
period. Stutz, Nelson and Schmutz (345), reported that the effective region 
of light was limited to blue and the ultra-violet range as judged by the pro¬ 
duction of hydrogen peroxide. Coe (50, 51, 52), and Coe and LeClerc (53, 
54, 55) found that selective ultx;a-violet light hastens the development of 
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rancidity as compared with natural sunlight. They found black and green 
containers a practical and effective means of protecting certain food mate¬ 
rials against rancidity. Barnicoat (16) recommended the use of dim electric 
lights in packing rooms and the use of heavy grade parchment wrappers as 
a means of controlling light defects in butter. 

Zilva (411) found that butter could be entirely bleached by exposure to 
ultra-violet light. In this process it became tallowy and lost its vitamin A 
value. Baumann and 8 teen bock (19) working with carrots and tomatoes 
found that pure carotene and vitamin A were destroyed by exposure to ultra¬ 
violet light but that crude carotene was entirely stable under the conditions 
of the experiment. Baumann and Steenbock (20) found that the maximum 
absorption of light in butter oil occurs at 460 and 485 mu. This is the point 
in the spectrum where carotene is determined by light absorption. Appar¬ 
ently carotene plays an important role in the effect of light on the autoxida- 
tion of butter fat, since butter is bleached in color prior to active oxidation as 
judged by the induction period. 

Milk and Cream —The effect of light on milk was brought to the attention 
of investigators as early as 1907 by Burr (43). He reported that the expo¬ 
sure of milk in glass bottles to direct sunlight hastened its deterioration. He 
did not state the nature of the defect involved, but, suggested the use of 
green, red, or black bottles. He also suggested the use of colored paper over 
plain bottles to hold back the injurious blue and violet rays. In 1930 Ham¬ 
mer and Cordes (150) reported that a tallowy flavor developed in milk fol¬ 
lowing its exposure to sunlight in plain glass bottles, and that the develop¬ 
ment of this flavor was hastened by the presence of copper or iron known to 
be in the milk. Skimmilk developed a burnt flavor upon exposure but this 
flavor was not related to metallic salts and was not characterized as “tal¬ 
lowy.” The exposure of milk in plain glass bottles to diffused light caused 
only a tallowy flavor, whereas the exposure of milk in brown glass to direct 
sunlight was without effect on flavor. 

These early reports have focused the attention of investigators on the 
effect of light on milk. IVJpre recently the effect of sunlight on the flavor of 
milk has been noted by several workers (45, 107, 231, 232, 233, 276, 356). 
Marquardt (231) reports a'bleaching effect from the exposure of milk to sun¬ 
light for 2 or more hours anjJ an oxidized flavor after 20 to 60 minutes expo¬ 
sure followed by 24 hours storage. Greenbank (135) reports that light may 
inhibit, promote, or have no effect on the development of oxidized flavor, the 
result^ depending upon the contamination and the intensity of irradiation. 
Whitehead (400) studying the reduction of methylene blue found that 
methylene blue added to good quality milk reduced in a short time in the 
presence of sunlight but in darkness no decoloration resulted in 7 hours. 
This reaction was not due to an enzyme since it proceeded equally well in 
milk that had been heated at 100° C. for 30 minutes. The reduction of 
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methylene blue does not take place in skim milk (1, 44, 400) and for this 
reason it was believed related to the fat. Sodium oleate will restore the 
reaction while sodium palmitate does not restore it. It was suggested that 
sunlight catalyses the oxidation-reduction reaction in which unsaturated fats 
are oxidized and the methylene blue is reduced. Aikins and Fay (1), Jack- 
son (189) and Buruiana (44) have observed the reduction of methylene blue 
by light. In addition to this Aikins and Fay observed that artificial light 
produced the same effect except to a lesser degree. These latter findings did 
not verify the results of Whitehead (401) who was unable to reproduce the 
effect of sunlight by use of either ultra-violet radiation or radiation from 
electric lamps. Davies (82) reports that exposure of milk to the radiation of 
a mercury-vapor lamp for 2 minutes was sufficient to change the flavor and 
shorten the induction period. This shortening of the induction period by 
exposure to ultra-violet light was verified by Anderson and Triebold (2). 
Genin (121) reported no loss of vitamin A from ultra-violet irradiation of 
condensed milks. Flake, Weckel and Jackson (106) found that it was pos¬ 
sible to remove the activated flavor produced by irradiation by the addition 
of 2 or 3 p.p.m. of copper followed by bubbling air through the milk at 140- 
145° F. In addition, the odor of irradiated milk could be duplicated by 
irradiation of an aqueous solution of egg white or gelatin. This indicated 
that the protein fraction of milk was probably the parent substance of the 
flavor and that it probably was identical with the burnt flavor found by 
Hammer and Cordes (350). Because of the similarity between the burnt or 
activated flavor produced by sunlight and the tallowy or oxidized flavor 
which likewise is catalyzed by sunlight and the action of metals, considerable 
confusion has occurred in the literature due to terminology. Weckel and co¬ 
workers (390) found that it was feasible to irradiate the separated fat por¬ 
tions of the milk and to reconstitute the milk. In this way the reconstituted 
milk was relatively free from activated flavors. 

Kon and Watson (208) have reported that light oxidized the ascorbic acid 
in milk. Their results show that light of short wave lengths is mainly 
responsible for this action. Ultra-violet light showed some activity while 
red and yellow lights were almost without effect. The replacing of the dis¬ 
solved oxygen with an inert gas prevented the action of light. More recently 
Kon (207) reports that under the action of light the ascorbic acid of milk 
undergoes reversible oxidation, most probably to dehydroascorbic acid. He 
reports that the power of ascorbic acid to reduce indophenol, lost through 
exposure to light, can be restored to an extent varying with the length of 
exposure by treating the milk with hydrogen sulfide. Hopkins’ (175) work 
gives a clue as to the mechanism by which light destroys the vitamin 0 in 
milk. In the presence of light, lactoflavin rapidly causes the destruction of 
vitamin C, there being a simultaneous degradation of lactoflavin to lumi- 
chrome. The work of Hand, Guthrie and Sharp (151) verifies this mecha- 
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nism. They observed that after the lactoflavin and ascorbic acid are de¬ 
stroyed by prolonged exposure to sunlight, any additional ascorbic acid 
added to the milk is relatively stable. The sensitivity of ascorbic acid to 
light can be restored by the addition of lactoflavin to the milk. 

Guthrie, Hand and Sharp (143) report a general relationship between 
the factors which accelerate the rate of oxidation of ascorbic acid and the 
production of oxidized flavor. The effect of sunlight in causing the oxida¬ 
tion of ascorbic acid is due to the photosensitizing action of the lactoflavin 
and the presence of oxygen in the milk. Paper bottles markedly decrease 
the effect of sunlight on the oxidation of ascorbic acid and on the production 
of off-flavors. 

Doan and Myers (90) studied the effect of sunlight on some milk and 
cream products. Paper bottles, of the type used, offered appreciable pro¬ 
tection to skim milk, whole milk and butter milk against the action of sun¬ 
light in producing burnt flavors as compared to the use of clear glass bottles. 
The paper bottles were of no protection to whole milk, cream, or homogenized 
whole milk against tallowy flavors caused by sunlight. Blue and green col¬ 
ored paper bottles or blue and green cellophane wrappers on glass bottles 
retarded the development of tallowiness and burnt flavors. They found that 
the degree of tallowy flavor produced in milk and cream by sunlight was 
stronger in the paper bottles than in the clear glass bottles. 

Apparently light plays a role in the development of oxidized flavor in 
milk and cream both by its effect on the carotene content and by its indirect 
effect through lactoflavin and vitamin C. 

VI. EFFECT OF FEED GIVEN THE COW 

Composition of Fat —One of the early investigations of the effect of feed 
on butter fat was made by Hunziker, Mills and Spitzer (184) in 1912. Their 
work showed that feeding cows rations high in linseed oil meal or cottonseed 
meal will increase the iodine number of the fat. Henderson and Roadhouse 
(154) found that when animals are on submaintenance rations they draw 
upon tlieir body fat for milk production and thereby increase the percentage 
of unsaturated fats in the milk and increase the susceptibility of the fat to 
oxidation. Hening and Dalilberg (156) found that feeding cows at a level 
below the Morrison standard did not influence either the flavor of the milk 
or the percentage occurrence of oxidized flavor in the milk. Hill and Palmer 
(160) found that when barley constituted from 35 to 50 per cent of a low-fat 
diet containing alfalfa or timothy hay a hard butter fat with a low iodine 
value was produced. Dahle and Carson (69) report that cows fed alfalfa 
hay produced milk more susceptible to oxidized flavor than cows on other 
roughages. Hill and Palmer reported that the inclusion of oils or fats in the 
ration resulted in butter fat which assumed some of the characteristics of the 
oil fed. Linseed oil in the ration significantly increased the content of fatty 
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acids less saturated than oleic acid. Prewitt and Parfitt (278) found that 
rations containing soybean oil, either as such or in the unprocessed beans, 
had a tendency to produce milk which upon holding developed less intense 
oxidized flavor than did milk from cows fed other rations. Dean and Hil- 
ditch (86) found that when cows went on grass there was an abrupt increase 
in the oleic and linoleic acids and a parallel reduction of butyric and stearic 
acids in the butter fat. 

Green and Dry Feed —One of the earliest workers to report a seasonal 
variation in oxidized flavor was Mattick (237) who in 1927 reported that 
oiliness in milk appeared in autumn, winter and spring, but never in the 
summer. Kende (198) recognized this fact and as the result of his work 
concluded that green feed contained some substance or substances which 
when fed to the cow protected the milk against the off-flavor. Since that 
time numerous workers (31, 40, 64, 135, 142, 276, 279, 355, 364, 372) have 
observed the difference in susceptibility of winter and summer milk to oxi¬ 
dized flavor. Stebnitz and Sommer (340) found that when cows received 
grass as part of their ration, the butter fat became less saturated and more 
susceptible to oxidation. However, it appeared that protective substances 
in the milk prevented the development of oxidized flavor. Green feeds (13, 
31, 64, 78,198, 355, 356) have been shown to yield a more stable milk as com¬ 
pared to milk produced on dry feed. Majer (227) has shown that the fol¬ 
lowing action of beet forage can be prevented by the addition to the ration 
of fresh Alp hay. In contrast to this, Hening and Dahiberg (157) reported 
that the feeding of mangels or beet pulp in no way prevented or increased 
the susceptibility of milk to oxidized flavor development. 

Vitamin C and Carotene —The nature of the inhibiting substances car¬ 
ried in green feed has been the object of extensive investigations. The first 
clues as to the probable nature of these substances were found by Bitter 
(291) and Chilson (47) in 1935 when they found that the addition of 
ascorbic acid to the milk prevented the development of oxidized flavor. 
These findings were verified by Sharp, Trout, and Guthrie (328) and by 
Dahle (64, 78). Sharp et al. found a positive correlation between the rate 
of oxidation of ascorbic acid and the rate of development of oxidized flavor. 
Trout and Gjessing (374) found the percentage decrease of ascorbic acid 
upon storage greater in the winter than in the spring, summer or fall. 
Brown, Thurston and Dustman (31) found that the feeding of one quart 
per animal per day of either tomato or lemon juice to cows on dry feed 
reduced the susceptibility of milks to oxidized flavor development. They 
attributed this effect to the ascorbic acid in the feed and observed a similar 
tendency when pure crystalline ascorbic acid was fed at the rate of $ gram 
daily. Kiddell et al (290) found 25.8 mg. of ascorbic acid per liter of milk 
produced by cows on a dry ration plus silage, 26.5 mg. per liter by cows on 
dry ration alone, and 26.5 mg. per liter by cows on pasture alone. Rasmus- 
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sen and others (285) found that the stage of lactation appeared to have a 
more definite effect upon the ascorbic acid content of the milk than did breed 
differences. The ascorbic acid content of milk was found to be relatively 
high during the early stages of lactation, but decreased to a minimum after 
about two months of lactation and then increased to a maximum in the later 
stages of lactation. Brueekner and Guthrie (40) found no relation between 
the period of lactation and the development of oxidized flavors. Whitnah, 
Martin and Beck (403) ranked the breeds in descending order according to 
the average vitamin C content of the milk as Jersey, Guernsey, Ayrshire, 
and Holstein. The frequency with which spontaneous oxidized flavor oc¬ 
curred in their study was in the reverse order. Garrett, Tucker, and Button 
(115) found that the average flavor scores show that for each ascorbic acid 
class interval where a decrease of acid occurs, a decrease in flavor score also 
occurs. They found the apparent critical point of relationship of ascorbic 
acid and good flavor to lie between 15 and 18 mg. of ascorbic acid per liter 
of milk. Beck, Whitnah and Martin (22), however, found no relation 
between the amount of vitamin C in the original milk or the amount of vita¬ 
min C lost during storage and the development of oxidized flavor in milk. 
These findings appear to be somewhat at variance with the findings of Sharp, 
Trout and Guthrie (328). Dalile (64) likewise found that when oxidized 
flavor occurs naturally in milk the ascorbic acid is greatly reduced. 

Garrett, Tucker and Button (115) found a close relationship between 
percentage of fat and color, between color and the first day ascorbic acid con¬ 
tent, and between color and first day flavor. It was their belief that both 
carotene and ascorbic acid had reducing properties and that they acted in 
this way to exert protective action on the milk. 

Garrett, Arnold and Hartman (112) reported that the feeding of grass 
silage had a greater stabilizing effect on ascorbic acid in milk than corn 
silage or beet pulp. This stabilizing effect tended toward milk of better 
flavor. 

Whitnah, Martin and Beck (403) found that within the breed there was 
no relation between the amount of vitamin C present and the development 
of oxidized flavors from individual cows. All samples which developed 
oxidized flavor were below the breed average in intensity of fat color. How¬ 
ever, they found samples low in color which did not develop oxidized flavor. 
They were able to reduce oxidized flavor by feeding 2 pounds of dehydrated 
oats (young plants) containing 103 mg. of carotene per pound. The flavor 
defect was completely eliminated by feeding a carotene concentrate contain¬ 
ing 150 mg. of carotene per pound. 

Anderson (6,7, 8) and co-workers (10) were some of the earliest workers 
to show the effect of carotene on the flavor of milk. Their work showed that 
carrots or machine-cured alfalfa fed to cows would eliminate oxidized flavor 
in their milk. This they correlated with the carotene content of the feed. 
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Anderson, Hardenbergh and Wilson (9) obtained far more effective results 
in the elimination of oxidized flavor from the feeding of 8 pounds of carrots 
in the daily ration than was obtained from the addition of 500,000 II S. P. 
units of vitamin A. Wbitnah, Peterson, Atkeson, and Cave (404, 405) and 
Beck, Whitnah and Martin (22) report that a carotene supplement quickly 
corrected the tendency for an oxidized flavor to develop spontaneously. 
Brown, VanLandingham and Weakley (35) found that a carotene supple¬ 
ment added to the ration rendered the milk less susceptible to metal-induced 
oxidized flavor. Likewise, it was their finding that supplementing a low 
carotene ration with ascorbic acid produced similar results. Martin (233) 
reports that to minimize the occurrence of milk with oxidized flavor the milk 
should be kept normal with respect to carotene content. Dahle (67) was 
unable to delay the onset of oxidized flavor by the direct addition of carotene 
to the butter fat. 

Booth et al. (25) found a close agreement between the amount of green 
material in the diet of the cow and the carotene and vitamin A content of the 
butter fat. It was concluded that the vitamin A activity of the summer but¬ 
ter fat appeared to be three times greater than that of winter fat, and that 
the fraction of total activity due to carotene was also greater in summer 
butter fat. Hilton, Hauge, and Wilbur (161) found that under winter feed¬ 
ing conditions timothy hay produced a butter low in vitamin A value, while 
good quality alfalfa or soybean hay were effective either in maintaining the 
high vitamin level of butter or in restoring its summer value. They found 
that the vitamin A value of butter responded rapidly to changes in the inges¬ 
tion of vitamin A by the cows. Baumann and co-workers (21) found varia¬ 
tions in vitamin A content of as much as 100 per cent between individuals 
of the same breed. They found that 3.3 per cent of the vitamin A ingested 
on a low carotene ration was recovered in the milk, but that only 1.3 per cent 
was recovered from a high carotene ration*. Loy et al. (222) found that 11 
days were required to reach an equilibrium on a carotene depletion ration 
and that during the repletion period the rise was quite rapid and reached an 
equilibrium level in about 10 days. Tucker, Garrett and Bender (378) 
found a close correlation between high yellow color and good flavor in milk. 
They reported that grass silage was superior to either com silage or beet 
pulp in the production of good flavored milk. In a later work (113) they 
suggest the use of grass silage as a method of rendering milk less susceptible 
to oxidized flavor. Hodgson, Knott and Murer (163) found that hays were 
a poor source of vitamin A while silages and grass were the best sources. 
The carotene content of the butter fat accounted for only 11.2 to 12.7 per 
cent of the total vitamin A activity. Henderson (153) in a review of litera¬ 
ture points out the desirability of having winter rations high in carotene 
content. 
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Thurston (356, 357) reviewed the literature on oxidized flavor and sug¬ 
gested the following classification for milks from the standpoint of oxidized 
flavors. 

1. Spontaneous milk —Milk capable of developing oxidized flavor spon¬ 
taneously, i.e., without the presence of iron or copper as a contaminant. 

2. Susceptible milk —Milk which does not develop oxidized flavor spon¬ 
taneously, but is susceptible if copper or iron contamination occurs. 

3. Non-susceptible milk —Milk which will not become oxidized even wlieh 
contaminated with iron or copper. 

Since both vitamin A and carotene have been reported to have anti¬ 
oxidant properties (see section XIV) any factors which affect these sub¬ 
stances may have a relation to oxidized flavor. In 1920 Hopkins (174) 
reported a rapid destruction of vitamin A by heat and aeration. Matill 
(234) found that the oxidative changes which accompany the beginning and 
development of rancidity in unsaturated animal fats tend to destroy vita¬ 
mins A and E. This process is hastened by ferrous iron. Simmonds et al. 
(330) observed the so-called salt ophthalmia in animals fed rations contain¬ 
ing ferrous sulphate. A cure was effected when rations were made up daily. 
Jones (195) observed the same effect and believed it due to the iron catalyz¬ 
ing the oxidative destruction of vitamin A. McCollum et al. (239) con¬ 
firmed this finding. Marcus (229) believes that the destruction of vitamin A 
by granulated lactose is an autoxidation in which liydroquinone prolongs the 
induction period. Taylor (351) reported both vitamin A and E destroyed 
by ferrous chloride. 

Hilton, Ilauge and Wilbur (161) found good quality alfalfa or soybean 
hay were effective either in maintaining a high vitamin A level in butter 
or in restoring it to its summer value. The vitamin A value in butter re¬ 
sponded rapidly to changes in the ingestion of vitamin A by the cows. 
Hodgson and co-workers (163) found home grown field cured hay the poorest 
source of vitamin A of the different roughages tested. Bartlett et al. (18) 
found that kale and artificially dried grass markedly increased the vitamin A 
content of the milk but that sprouted maize and mangels had little effect. 

In general it appears that both ascorbic acid and carotene are related to 
the susceptibility of the milk to oxidized flavor. Ascorbic acid acts either 
from its presence in the feed or by being placed directly into the milk. From 
the results available it does not appear that vitamin C in the feed passes 
directly into the milk to prevent the flavor. However, it probably acts in 
some way as a stabilizer for the vitamin C secreted in the milk. Carotene 
apparently must be in the feed in order to effect the susceptibility of the 
milk. Both of these substances have reducing properties and it is possible 
that through these properties they may affect the susceptibility of the milk 
to oxidized flavor. 



654 


W. CARSON BROWN AND L. M. THURSTON 


VII. EFFECT OF ACID 

Cream and Butter —In the early days of the butter industry, butter 
made from sour or ripened cream was believed to have superior keeping 
qualities to sweet cream butter. As early as 1890 Patrick (274) was study¬ 
ing the alleged poor keeping qualities of sweet cream butter. Later, Patrick, 
Leighton and Bisbee (275) found that sweet cream butter retained its flavor 
better than butter made from sour cream. In 1904 Michels (242) reported 
that butter of the best keeping quality was obtained from well ripened cream. 
He recognized, however, that if the ripening process was carried too far 
undesirable keeping qualities would result. McKay and Larsen (241) state 
that in the ripening process the lactic acid bacteria suppress the other types 
which if carried into the butter would produce undesirable changes. Wiley 
(407) observed less deterioration in butter made from cream acidified with 
lactic acid than in butter made from cream ripened to the same pH. McKay 
and Larsen recognized the danger of carrying the ripening process too far. 
Many research workers (27, 92, 147, 165, 220, 223, 267, 268, 384, 399) have 
noted the detrimental effect of ripening cream on the keeping quality of the 
butter. Mortensen (251) found that the per cent acid in cream was in¬ 
versely proportional to the keeping quality. He also observed that proper 
neutralization gave good results. JFlake (105) found that butter falling 
within the range of pH 6.0 to 6.49 had better keeping qualities than did 
butter of either higher or lower hydrogen ion concentration. Ellington (95) 
found that a serum pH of 7.0 or over indicated a low quality of butter due 
to over-neutralization or low quality raw material. Overman et al. (268) 
found no differences in keeping quality due to use of different neutralizers. 
However, over-neutralization resulted in low initial scores and low keeping 
quality. That pH has an effect on the rate of oxidation of fat, in general, 
has been shown by the work of Lea (216). He found the rate of oxidation 
of lards showed a sharp increase as the reaction became alkaline. Appar¬ 
ently this explains the effect of over-neutralization in butter. 

Rogers and co-workers (308, 309) found that acidity was an important 
factor in the development of fishy flavor in stored butter. The work of 
Ritter (294) verified these findings. Ritter and Christen (299) found that 
certain alkali producing bacteria retarded the development of fishiness in 
butter. Haglund and Walker (148) found that the tendency to develop 
fishy flavor could be reduced by partial neutralization of the acid in ripened 
cream. In 1923 Sommer (335) found that fishy flavor in butter was the 
result of the chemical decomposition of lecithin with the production of 
trimethylamine as the immediate cause. The work of Jensen and Ritter 
(193) showed the development of fishy flavor to be brought about by 
hydrolysis and oxidation of the lecithin. At about the same time Holm, 
Wright, White, and Deysher (172) correlated the deterioration of butter 
in storage with a score below 89, with chemical changes. These changes were 
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brought about by oxidation. From these results it would appear that acid¬ 
ity plays an important role in the deterioration of butter which under some 
conditions appears to be the result of oxidation. 

Milk —Anderson (3) and co-workers (5) found a relationship between 
apparent acidity and the susceptibility of milk to oxidized flavor. It is gen¬ 
erally known that winter milk is higher in acidity than summer milk and that 
winter milk is more susceptible to oxidized flavor than is summer milk. 
They observed that the neutralization of high acid milk to 0.145 per cent 
acidity or lower was effective in the prevention of oxidized flavor. Likewise, 
they observed that high acid milk invariably developed an oxidized flavor 
after pasteurization. In a study of 220 individual samples of winter milk, 
Brown and Dustman (33, 34) were unable to find any correlation between 
the acidity of freshly drawn milk and its tendency to develop oxidized flavor 
when contaminated with copper. They were unable to prevent the develop¬ 
ment of oxidized flavor by neutralization to 0.13 per cent titratable acidity or 
in a small number of cases to as low as 0.10 per cent. These workers were 
unable to offer any explanation as to the disagreement of their results with 
those of Anderson and his co-workers other than the fact that Bro^vn and 
Dustman added the copper from a solution of copper sulphate, whereas 
Anderson and co-workers depended upon contamination from the equipment 
as a source of copper. From a theoretical point of view it seems unlikely 
that natural acidity plays an important role in the development of oxidized 
flavor in milk when copper contamination takes place. 

VIII. EFFECT OF MOISTURE 

Butter and Butter Fat —In 1915 Ilyland and Lloyd (185a) found that 
the complete oxidation of fat was possible in dry air, whereas moist air pre¬ 
vented oxidation of glycerides and assisted oxidation of free fatty acids. 
Later Fierz-David (103) expressed the belief that rancidity was produced 
by air, light, and water without the action of bacteria; that unsaturated fatty 
acids were split into aldehydes and acids; and that fats containing saturated 
fatty acids were oxidized to the corresponding methyl alkyl ketones. 
Brochot (29) reported that for cold storage of butter the condensed water 
from the cold surfaces in the storage chamber should be eliminated as far as 
possible. He emphasized the importance of low-humidity in the butter cold 
storage chamber. Holm (165) using an oxygen absorption method found 
that the presence of water in a fat extended the induction period. Bitter 
and Nussbaumer (303) explained these results on the basis that butter serum 
must contain some substance or substances which retard the oxidation of the 
butter fat. They found that the rate of oxidation of pure butter fat was 
scarcely affected by the addition of a quantity of water equal to that con¬ 
tained in butter. From their results it would appear that in butter the 
moisture itself does not play as important a role as does the material which 
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it carries. Ritter and Nussbaumer explained this effect on the basis of the 
cephalin and lecithin content of the serum. Both of these substances exhibit 
antioxidative properties. 

Dried Milk —Dahle and Palmer (76) reported that milk powders high in 
moisture and stored in moist air rapidly became tallowy. Davis (80) like¬ 
wise, reported that for a milk powder to possess good keeping qualities it 
must be low in moisture. In contrast to these results, Holm, Wright and 
Greenbank (171) found that in general more rapid deterioration occurred in 
samples of low moisture content. In another study Ilolm (165) found that 
an increase in the moisture content of a milk powder not only retarded 
oxidation but prevented the formation of those intermediate products which 
gave rise to a tallowy odor. 


IX. EFFECT OF SALT IN BUTTER 

In 1903 Buhl (41) reported that light salting of butter had an advantage 
over heavy salting in the keeping quality of butter. Gray and McKay (131) 
likewise found that butter containing low percentages of salt kept better 
than butters containing high percentages of salt. Washburn and Dahlberg 
(386) reported that salt exclusive of its antiseptic property hastened de¬ 
terioration of butter. Oily, metallic and fishy flavors showed up to a greater 
extent in salted than in unsalted butter. Guthrie, Seheib and Stark (146) 
reported that salt in butter greatly retards bacterial growth. Butters con¬ 
taining no salt were prone to become old or stale but seldom oily. These 
findings presumably can be attributed to inhibited bacterial growth since the 
storage was carried out at 10° C. Kildee (203) reported that salt acceler¬ 
ated the deterioration of butter at.temperatures which check bacterial growth 
but at higher temperatures the salt inhibits the growth of the bacteria and 
thus preserves butter. The work of Overman and co-workers (267, 268) 
showed that salted sweet cream butter had a slightly higher initial score but 
lost score more rapidly than unsalted sweet cream butter. 

The results for butter storage are not clear cut. Sayer et al. (322) used 
a storage temperature of about 5° F. and reported no differences in keeping 
quality for butter with salt contents from 1.06 to 3.78 per cent. Rann, 
Brown and Smith (284) reported that salted butter keeps better than un¬ 
salted butter above the freezing point as well as below. Jacobsen (191) 
reported that the destructive action of salt apparently was of greater impor¬ 
tance than freezing in reducing the number of bacteria in salted butter. 
Flake (105) found little or no relation between salt concentration and keep¬ 
ing quality, except in the samples which contained less than 2 per cent salt. 
Here there was a slight decrease in keeping quality. 

Since high salt concentration is associated with the development of fishy 
flavor and since fishy flavor apparently is the result of hydrolysis and oxida¬ 
tion of lecithin, it would seem that salt tends to favor oxidative changes. 
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X. EFFECT OF STORAGE TEMPERATURE 

In 1894 Von Klecki (383) reported that storage butter should be kept at 
a low temperature to prevent deterioration. Thomsen (353) reported that 
butter from good cream kept better than butter from poor quality cream. 
Barnicoat (15) found that freezing temperatures are superior to chilling 
temperatures for butter storage. Likewise, he (16) found that butter is 
more susceptible to color and flavor defects when held at relatively high tem¬ 
peratures. Rogers, Thompson and Kiethley (309) stored butter at 0,10, and 
20° P. Of these three temperatures the best results were obtained at 0° and 
the poorest at 20° F. Gray and McKay (131) stored butter at -10, 10 and 
32° F. and found that butter kept best at - 10° F. Holm and co-workers 
(172) reported that drop in storage temperature from -10 to - 17° F. does 
not result in an increase in keeping quality proportionate to that observed by 
a similar lowering at a higher temperature range. Ellis (96) found that at 
75° C. stearic acid shows appreciable autoxidation under certain conditions 
of dispersion and catalysis. Wright and Overman (409) found increase 
in temperature to accelerate oxidation of butter fat in proportion to the 
height of the temperature. 

From these results it would appear that temperature has a direct bearing 
upon the rate of oxidation of butter. The higher the temperature the more 
rapid the rate of oxidation. 

Dahle and Palmer (76) reported that “tallowy” and “stale” are the 
outstanding flavor defects in dry milk powders. They found that storage at 
4 to 20° C. gave about equal results with sealed tin containers but that 37° C. 
was too high. 

Seism (326) found that ice cream kept better at -25° F. as compared to 
retail cabinet temperature. The very nature of the product insures a low 
temperature during storage and a dipping temperature that is within a rela¬ 
tively narrow T range. 

When cream is stored, the exact temperature does not appear to be of 
great importance compared with metallic contamination, as shown by num¬ 
erous investigations (94, 249, 250, 321, 342). 

The effect of storage temperature on the susceptibility of milk to oxidized 
flavor has not been determined as such for the reason that, it is obscured by 
the effect of bacterial growth at 50° F. or above. (See section II.) 

XI. EFFECT OF PROCESSING 

Milk, Cream, and Butter —The effect of heat in the processing of cream 
has been the object of extensive investigation. White and Campbell (398) 
found that pasteurizing cream at temperatures between 145 and 165° F. did 
not improve the keeping quality of the butter as judged by the score. On 
the other hand, Guthrie, Seheib and Stark (146) found that pasteurization of 
cream at 165° F. produced butter of better keeping quality than pasteuriza- 
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tion at 145° F. They attributed this result to the destruction of oxidases 
at 165° F. whereas, they stated only lipase is destroyed at 145° F. Morten- 
sen (251) reported slightly better quality in fresh butter from sour cream 
pasteurized at 170° F. for 20 minutes, than in butter pasteurized at 145° F. 
for 30 minutes. However, the butter pasteurized at the lower temperature 
kept better in storage. Pasteurization at 170° F. for 20 minutes was better 
than at 180° F. for 20 minutes. Crews (60) reported that pasteurization at 
165° F. for 30 minutes destroyed most, if not all, of the harmful milk 
enzymes. He believed oxidation to be the most important factor in butter 
deterioration. Ritter (294, 295) found that a fishy flavor could be prevented 
by flash pasteurization of cream at 90 p C. Greenbank and Holm (137) 
found that heating fat at 100° C. to destroy any enzymes reduced the keep¬ 
ing quality in proportion to the length of heating. 

Enzymes have long been considered as a factor in the deterioration of 
butter. However, with present pasteurization methods the activity of the 
enzyme lipase has been largely eliminated. In 1904 Rogers (306) reported 
that deterioration of canned butter was due to enzymes from the milk or 
enzymes produced by micro-organisms. In 1913 Winckel (408) reported 
that enzymes and ferments had little, if any, effect on the deterioration of 
butter in storage. Palmer and Combs (270) found that tallowy flavor in 
butter resulted from the addition of copper lactate to either raw or pas¬ 
teurized cream. A pasteurization temperature of 79-80° C. for 15 minutes 
was used. In a later work Palmer and Miller (272) found by the addition 
of peroxidase to butter that this enzyme was not a factor in the deterioration 
of butter. Dahle and Palmer (77) reported the presence of peroxidases in 
fresh milk powder. However, the factors known to favor oxidation proved 
detrimental to peroxidase activity. Thacher and Dahlberg (352) were able 
to show indications of oxidase action in milk by use of pyrogallol. Boiling 
the milk failed to completely inhibit this action. Proks and Groh (279) re¬ 
ported that lipolytic enzymes were responsible for the development of oily- 
rancid and tallowy flavors in milk. They found that the degree of off-flavor 
developed was proportional to the quantity of lipolytic enzyme present. 

The belief that oxidized flavor is the result of the action of an enzyme has 
been based largely upon the fact that milk heated to very high temperatures 
does not develop the flavor. Kende (198) in 1932 reported that milk heated 
to 85° C. did not develop an oxidized flavor. He named the enzyme re¬ 
sponsible for the flavor “ oleinase/ * Majer (228) was unable to verify the 
findings of Kende although he did find that the high heat treatment greatly 
reduced the intensity of the flavor developed. Guthrie and Brueckner (142) 
reported that pasteurizing at 160° F. or higher for 30 minutes decreased or 
prevented the tendency for spontaneous oxidized flavor to develop. Dahle 
(64, 66) reported that heating milk to 145° F. for 30 minutes intensified the 
oxidized flavor developed but that heating to 170° or above eliminated the 
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flavor defect. Brown, Thurston and Dustman (30) found that copper added 
after pasteurization developed a more intense oxidized flavor than copper 
added prior to the pasteurization process. Gould and Sommer (127) were 
able to correlate this finding with the development of a cooked flavor in the 
milk. 

The recent work of Gould and Sommer (127) and Gould (128, 129) has 
shown that sulphur compounds are liberated when a cooked flavor is pro¬ 
duced. They were able to develop an oxidized flavor in milk heated to 90° 
C. These findings tend to disprove the action of an enzyme in the develop¬ 
ment of oxidized flavor in milk. In addition, the production of a cooked 
flavor liberates sulfides which act as antioxidants. These findings have been 
verified by the work of Josephson and Doan (196). Greenbank (135) re¬ 
ported that the thermal inhibition of oxidized flavor acts through a lowering 
of the oxidation-reduction potential. This has been confirmed by both the 
work of Gould and Sommer (127) and Josephson and Doan (196), who 
found that the sulfide compounds, liberated when a cooked flavor develops, 
lowered the potential. 

Whitnah et al. (406) reported excessive losses of vitamin C from holding 
process pasteurization, even when copper contamination was reduced to a 
minimum. Sharp, Trout and Guthrie (328) reported that low-temperature 
pasteurization did not accelerate appreciably the destruction of ascorbic acid, 
provided contamination with copper was prevented. They found a positive 
correlation between the rate of oxidation of ascorbic acid and the rate of de¬ 
velopment of oxidized flavor. Sharp (327) believed the destruction of vita¬ 
min C in raw and pasteurized milk to be due to the action of an oxidizing 
enzyme which is destroyed at temperatures higher than pasteurizing tem¬ 
perature. Since both the development of oxidized flavor and the oxidation 
of ascorbic acid are prevented by high temperature pasteurization, it seems 
possible that the development of a cooked flavor with the production of reduc¬ 
ing substances also may play a role in the oxidation of ascorbic acid. 

Homogenization of milk was first reported to retard the development of 
oxidized flavor by Tracy, Ramsey and Ruehe (366) in 1933. Since that time 
Thurston, Brown and Dustman (360), Ross (313) and Dahle (67) have ob¬ 
served the deterrent effect of homogenization on the development of oxidized 
flavor. Trout and Gould (373) reported that homogenization did not retard 
the development of oxidized flavor when high rates of copper contamination 
occurred. This probably explains the tallowy flavor observed by Doan (89) 
in homogenized milk. 

Thurston, Brown and Dustman (360) reported that prolonged agitation 
at a low temperature, and freezing followed by thawing reduced or elimi¬ 
nated the susceptibility of milk to oxidized flavor development. Their work 
showed that prolonged agitation of milk at low temperature caused a trans¬ 
fer of the lecithin from the fat globule surface to the plasma portion of the 
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milk. It was their belief that lecithin in the plasma portion would not be¬ 
come oxidized readily under normal conditions and hence the oxidized flavor 
failed to develop fully after these treatments. 

Dahlberg and Carpenter (63) found that the development of oxidized 
flavor in pasteurized milk was accelerated by contact with a clean copper- 
alloy metal, especially following chlorine sterilization, but this effect became 
less as more milk continued to pass through the equipment. Tracy and 
Ruelie (368) reported that chlorine sterilizers added to milk containing 
copper hastens the development of tallowy flavor. Grant (130) found that 
certain chlorine sterilizers greatly accelerated the rate of corrosion. 

Ice Cream and Condensed Milk —Oxidized or tallowy flavor has long been 
a serious defect in strawberry ice cream. Seism (326) and Schricker (325) 
reported that chocolate ice cream has superior keeping quality to vanilla and 
that strawberry has the poorest keeping quality of these three ice creams. 
Various attempts have been made to avoid the development of oxidized flavor 
by variations in the percentage of fruit used and by various treatments of 
the fruit. Dahle and Folkers (71) and Tracy et al. (365, 367) reported that 
increased amounts of berries used in the ice cream delayed the onset of tal¬ 
lowy flavor. Tracy and co-workers found that soaking the fruit in the mix 
prior to freezing also delayed the onset of the flavor. Likewise, it was their 
finding that heating the berries at 150, 175, 200° F. and autoclaving at 15 
pounds pressure for 15 minutes, decreased progressively the flavor defect. 
However, they were unable to eliminate the flavor by this procedure. Like¬ 
wise, Dahle and Folker (71) were unable to eliminate the flavor by heating 
the mix and berries at 180° F. for one hour. They reported that neutraliz¬ 
ing the berries to pH of 7.0 delayed the appearance of the tallowy flavor but 
injured the flavor of the berries, * 

Mack and Fellers (225) reported that enzymes contained in the fruit may 
be a factor in the development of a tallowy flavor. Tracy, Ramsey and 
Buehe (367) found that oranges, lemons, pineapples, apples, peaches, and 
apricots cause the flavor when used in 3 to 10 per cent quantities. When 
used in large (25 per cent) quantities these fruits like strawberries did not 
cause the flavor to develop. The enzyme oxidase has been found in prac¬ 
tically all of these fruits (101, 286). Mudge and Tucker (254) reported that 
strawberries which had been aerated by drawing air through them for a con¬ 
siderable time produced a stale and unclean-flavored ice cream. Ross (314) 
studying oxygen absorption, as measured by the test for oxidase, found no 
proof that oxidizing agents had any part in the development of the off-flavor. 
Iverson (187, 188), and Bird and co-workers (24) reported that oxidases 
from the fruit do not cause the oxidized flavor to develop. These results, 
together with the finding that extreme heating of the berries does not elimi¬ 
nate the undesirable flavor, suggest that this defect is caused by factors other 
than the presence of an oxidative enzyme. 
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The inhibiting effect of homogenization on the development of stale, 
metallic flavors in ice cream has been noted by Dahle and coworkers (69, 73) 
and by Tracy, Ramsey and Rnehe (365, 367). 

Tallowiness in condensed milk has been noted by various investigators 
(91,141,177, 288). Sommer and Gebhardt (337) reported that evaporated 
milk was found to be impaired in flavor in direct proportion to the amount 
of copper present. Holm et al. (169) found that as the fat content increased 
the keeping quality decreased. Homogenization and precondensing were 
found to improve the keeping quality. Recently Corbett and Tracy (57) re¬ 
ported that condensing milk under vacuum to a concentration of approxi¬ 
mately twice the original solids content prevented the development of oxi¬ 
dized flavor in both the condensed milk and the condensed milk reconstituted 
to the original concentration. These workers used soluble copper at the rate 
of 3 p.p.m. for contamination They found that the retarding effect of con¬ 
densing was on the plasma portion of the milk and explained this phenome¬ 
non on the basis of liberation in the serum portion of the milk of certain 
antioxidative constituents that are probably derivatives of the milk proteins. 
This description seems to fit the sulphhydrils described by Gould and Som¬ 
mer (127) and by Josephson and Doan (196). Ordinarily one would not 
expect evaporated milk to develop an oxidized flavor because of the high heat 
used in sterilization and the homogenization treatment which the milk 
receives. 


Xn. COMPOUNDS FORMED AND THEORIES OF THEIR FORMATION 

Oxidation Products of Oils and Fats —Scala (323) isolated the decom¬ 
position products of rancid fat, and by oxidation with potassium perman¬ 
ganate was able to obtain acids which were separated by means of barium 
salts. 

These acids were identified as oenanthylie, pelargonic, butyric, caprylie 
and capric, and the conclusion was drawn that rancidity is caused by the 
presence in the fat of the aldehydes corresponding to these acids. 

Vincent (382) concluded that when chemical changes occur in butter the 
glycerides of the insoluble acids are altered to a greater degree than those 
of the soluble acids. Canzoneri and Bianehini (46) studying the rancidity 
of olive oil and the oxidation of oleic acid in sunlight and air found nonylic, 
azclaie, formic, and dihydroxy stearic acids among the products of the oxida¬ 
tion. 

Salway (319) oxidized linseed oil at 100° C. in an atmosphere of oxygen 
and identified acrolein as one of the products. Powick (277) found that all 
rancid fats and rancid oleic acid gave positive Ivreis and peroxide tests. He 
attributed the Kreis test to the epihydrin aldehyde formed when a rancid 
fat is brought into contact with concentrated hydrochloric acid. Briggs 
(28) thought it unlikely that epihydrin aldehyde is formed as believed by 
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Powiek but regarded acrolein as the substance responsible for the Kreis test 
during the induction period. He suggested also that carotene may be the 
substance from which the Kreis test arises. 

Triebold (370) made a survey of the literature and recognized three gen¬ 
eral types of fat deterioration, each considered as rancidity, although the 
processes and end products were different. These three types of deteriora¬ 
tion were characterized as oxidative, hydrolytic, and ketonic rancidity. The 
first of these was considered to be due to the addition of molecular oxygen 
to unsaturated glycerides with the formation of peroxides which subse¬ 
quently decompose into aldehydes, ketones, and fatty acids. This type may 
occur in all edible fats and was regarded as an important type of fat spoilage. 

Hydrolytic rancidity is produced by hydrolysis of the glycerides with 
the liberation of free fatty acids. He regarded this type as important in 
the spoilage of dairy products. 

Ketonic rancidity may develop from fats containing nitrogenous impuri¬ 
ties. This results from the action of molds on lower fatty acids with the 
production of ketones. 

It has been thought for a long time that the main factors concerned with 
fat spoilage are light, air, and moisture. Salkowski (318) believed that the 
development of rancidity of lard and butter fat was due to the combined 
activity of oxygen and light, and that it was a direct oxidation process in 
which the oxygen consumption could be measured. He believed further that 
the speed of the reaction depended upon the intensity of the light and that 
little oxygen was consumed in the absence of light. Kerr and Sorber (199) 
offered the hypothesis that rancidity (oxidative) begins with the entrance 
of a molecule of oxygen into a molecule of an unsaturated fatty acid, either 
free or combined, the oxygen molecule attaching itself at the point of double 
linkage and forming a compound characterized by the peroxide grouping at 
that point. Tschirch and Barben (377) likewise believed that rancidity 
starts with the addition of oxygen to the unsaturated acids at the double 
bond. Subsequently, unstable compounds are formed which break up on 
hydrolysis to give odorous aldehydes, ketones, and acids. Fierz-David 
(103) believed that unsaturated fatty acids were split into aldehydes and 
acids by the action of air, light and water. 

Tschirch (376) regarded rancidity as occurring in steps whereby oxygen 
is added to an unsaturated fatty acid to give a peroxide. The peroxide 
reacts with water to give an oxide and hydrogen peroxide. Ozone is formed 
in the presence of hydrogen-peroxide and this reacts with the oxide to give 
an ozonide. The ozonide is split by the action of water into aldehydes, 
ketones, and acids. Holm, Greenbank, and Deysher (170) found evidence 
for the existence of loosely bound oxygen compounds, termed “moloxides,” 
in butter oil. They found ultra violet light to have a powerful effect on the 
susceptibility of fats to autoxidation. Ellis (96) regarded high dispersion 
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of the acids as an important factor in the absorption of oxygen by elaidic, 
oleic, and stearic acids. He found purified, dry sand a good dispersing 
medium and the cobaltous salt of elaidic acid (0.1 per cent) an efficient 
catalyst in the autoxidation process. Water and carbon dioxide were evolved 
during the autoxidation. 

Guard and Rideal (124) and Warburg (385) believed that oxidation by 
ferrous salts resulted from the formation of a peroxide by the ferrous ion, 
the peroxide acting as an oxidant. Weiland and Pranke (393, 394, 395) 
studied the action of hydrogen peroxide on the oxidation of organic acids in 
the presence of ferrous salts and concluded that the ferrous ion unites with 
the substrate thereby making the latter more susceptible to oxidation. 

Butter and Butter Fat —Garrett and Overman (114) regarded the oxida¬ 
tion of butter fat as not only a simple addition of oxygen at the double bonds 
but also as involving the oxidation of saturated acids and probably of 
glycerine. MacLean and Pearce (226) found that hydrogen peroxide with 
oleic acid in the presence of a copper catalyst brings about oxidation first at 
the 9th and 10th carbon atoms, and then proceeds further in the 18-carbon 
chain. The oxidized chain breaks up. Succinic and oxalic were the only 
dibasic acids isolated. The 8 terminal carbon atoms of the oleic chain are 
broken off and the remaining part of the chain appears to be completely 
broken up. The copper salt greatly increased the extent of oxidation. 

That tallowy flavor in butter is the result of oxidation of the fat has been 
shown by numerous workers. Hanus (152) found that when a tallowy flavor 
developed the acid number increased and the iodine number decreased, but 
the Reiehert-Meissl number was not materially changed. The work of 
Jensen (192) indicated that olein is the point of attack in the development 
of tallowy flavor. Siegfeld (329) reported marked changes taking place in 
the fatty acids, especially in a decrease of volatile insoluble acids and an 
increase in the solid non-volatile acids. Lea (215) reported that during the 
early stages of auto-oxidation and prior to the stage of active oxidation, 
peroxides are formed and these are an indication of the relative ease with 
which a fat will produce tallowy flavor. He also reported that bleaching 
occurred at an early stage in the oxidation. Clavel (49) reported a relation¬ 
ship between the drop in iodine number of fats during storage and the 
absorption of oxygen causing oxidative rancidity. 

Stebnitz and Sommer (339, 340) studied the effect of the composition of 
butter fat on its susceptibility toward oxidation. They found the stability 
of a fat toward oxidation bore an inverse relation to the degree of unsatura¬ 
tion of the fat, with linoleie acid content rather than oleic acid the principal 
governing factor. When cows received grass as a part of their ration the 
fat became less saturated and more susceptible to oxidation. These workers 
(338) found that a tallowy flavor and peroxide formation began at about 
the same time and that considerable loss of color had already occurred. 
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Sommer (335) reported that trimethylamine was the immediate cause of 
fishiness in butter. lie believed this flavor to be the result of oxidation of 
the lecithin in the butter. That fishiness is the result of oxidation of the 
lecithin has been verified by the work of Holm el al. (172) and Jensen and 
Ritter (193), but the steps whereby this oxidation takes place have not been 
entirely established. 

Milk and Cream —-As early as 1916 Guthrie (141) had recognized a metal¬ 
lic flavor in cream and his observation had led him to believe that it was 
caused by factors other than direct contact with metals. He observed 
further that cream having only a slight metallic flavor yielded buttermilk 
which was very metallic in flavor after churning in a glass churn. He was 
unable to establish a relationship between the fatty acids, caprylic, palmitic, 
stearic, oleic or propionic and the metallic flavor. In 1932 Tracy (363) re¬ 
ported “cappy” or “tallowy” flavor in milk to be the result of oxidation of 
the milk fat. This view was supported the following year by the report of 
Kende (198) who found a decrease in iodine number of butter fat when an 
“oleagenous” or oily flavor developed in the milk. Mohr and Wellm (246) 
stated that “emery” flavor is similar to but not identical with oily, tallowy, 
or rancid flavors. They reported that the unknown compound causing emery 
flavor was soluble in the fat phase and hence carried into the butter. Dahle 
(66) reported that butter fat was the substance affected when oxidized flavor 
develops in milk. He found that the iodine number decreased in proportion 
to the degree of flavor present. 

In 1935 Thurston and Barnhart (358) reported an oxidized flavor in the 
buttermilk from churned sweet cream. This product was known to be high 
in phospholipids. In the same year Thurston, Brown and Dustman (359) 
found that oxidized flavor was pronounced in the cream, skim milk, butter 
and buttermilk, but that only a faint trace of the flavor was found in the 
butter fat washed by continuous reseparation and dilution with water. 
When the washed butterfat was redispersed in skim milk no oxidized flavor 
could be detected. Likewise, they were enable to develop an oxidized flavor 
in this product by methods ordinarily used to cause the development of this 
flavor defect. These workers caused a tallowy flavor to develop in butter oil 
by bubbling oxygen through it at 75° C. When they redispersed this oxi¬ 
dized batter oil by homogenization into the skim milk, a typical tallowy 
flavor resulted. However, the flavor was unlike the characteristic oxidized 
flavor of milk. These authors believed that lecithin rather than butterfat 
was affected when oxidized flavor developed in milk. In a later work (360) 
they explained the inhibiting effect of agitation of cold milk on the develop¬ 
ment of oxidized flavor as being the result of partial transfer of lecithin 
from the fat globule surface to the plasma. They considered this as further 
evidence that lecithin was the constituent affected. Dahle (65) reported 
that cream and pure butter oil mixed with the skim milk of certain cows de- 
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veloped an oxidized flavor, but that the cream often reacted more quickly 
than the butter oil. He considered this as evidence that the phospholipids 
may react before the fat itself. The phospholipids of milk are readily sus¬ 
ceptible to oxidation. 

Brown, Dustman, and Thurston (32) in 12 trials during the winter 
months of two successive years found no measurable change in the iodine 
number of milk fat from oxidized and normal milk. They showed by calcu¬ 
lation that one would not expect to obtain any difference in the iodine num¬ 
ber of milk fat as a result of oxidation of the double bond in oleostearo 
lecithin because of the relatively small amount of lecithin present. 

In a more recent work Swanson and Sommer (347) were unable to find 
any difference in the iodine number of butterfat from normal and oxidized 
flavored milk. These investigators criticized the calculation of Brown, Dust¬ 
man and Thurston on the basis that it had been shown that lecithin contains 
two oleic acid radicals. However they found from the determination of the 
iodine number of the phospholipid fraction that the development of oxidized 
flavor is accompanied by a marked decrease in the iodine number of the phos¬ 
pholipid fraction. They concluded that the development of oxidized flavor 
in milk, catalyzed by copper, is primarily due to the oxidation of the phos¬ 
pholipid fraction and that the oxidation of the unsaturated fatty acids in this 
fraction is not complete. The indications were that one molecule of an 
unsaturated fatty acid, undoubtedly oleic acid, remained unoxidized. 

Dahle and Palmer (78) considered spontaneous oxidized flavor, i.e ., with¬ 
out copper catalysis, to be due to the oxidation of the phospholipid fraction 
of the fat globule membrane and the butterfat. 

Roland and Trebler (311) studied the effect of fat content on oxidized 
flavor in milk and cream. They reported that mechanical separation of milk 
produced a marked decrease in its sensitivity to copper-induced oxidized 
flavor as evidenced by tests on reconstituted milk made by recombining 
cream and skim milk. They suggested that the removal of lecithin or related 
substances by the separator or changes in their distribution between the fat 
and aqueous phase may be responsible for the decreased sensitivity. 

Josephson and Doan (196) reported that they were able to develop a 
typical oxidized flavor by heating a suspension of pure phospholipids in 
water in the presence of copper. A protein suspension similarly prepared 
developed a different flavor when heated in the presence of copper. A sus¬ 
pension of phospholipid and protein combined, oxidized readily without heat 
or copper but became much more tallowy (oxidized) when heated, treated 
with copper, or when subjected to both treatments. 

In 1936 Greenbank (133) reported that some constituent of milk is read¬ 
ily oxidized since the oxidation occurs at 5° C. in an atmosphere of 2.5 per 
cent oxygen. He excluded from consideration fat, casein, lactose, and albu¬ 
men, and stated that if lecithin was the factor involved, as reported by 
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Thurston, et al, all milks should develop oxidized flavor since they all contain 
lecithin. Apparently the problem was much more involved than he believed 
at that time. Greenbank presented a theory in which he visualized the 
flavored product as an intermediate step in an oxidation reaction, the end 
product being flavorless. At the present time the literature on oxidized 
flavor does not reveal cases in which oxidized flavored products have lost 
their flavor due to continued oxidation. 

The present status of the literature indicates that tallowy flavor of butter 
is probably the result of oxidation of the fat, this oxidation beginning at the 
surface and probably working toward the center of the product. Likewise, 
the evidence points to a fishy flavor of butter as being the result of an oxida¬ 
tion process. In this case lecithin is probabl 3 r the parent substance of tri- 
methylamine, the latter being the immediate cause of fishy flavor. The 
trend in the literature at the present time seems to point to the phospholipid 
fraction as the source of oxidized flavors in milk and cream. However, as a 
result of differences in terminology of flavors many apparently conflicting 
lines of evidence have been reported. 

XIII. METHODS OF PREDICTING AND DETECTING ONSET OF OXIDATION 

Holm and Greenbank (166) reported in 1922 that oleic acid exposed to 
oxygen for some time gave the characteristic tallowy odor and proportionate 
peroxide and Kreis tests. In a later work (165, 167) they measured the 
amount of oxj'gen absorbed by a fat during oxidation and studied acidity, 
iodine number, iodine liberated from potassium iodide in 24 hours, and the 
Kreis test as means of detecting rancidity. Of these tests only the Kreis test 
gave results that detected small differences in the degree of oxidation. Bevis 
(23) found that aeration caused' bleaching, the development of a positive 
Kreis test, and a decrease in the iodine number. She observed an increase in 
free fatty acids but this had no relation to the Kreis test. 

Holm and Greenbank (168) studied the relation of the Kreis test to oxy¬ 
gen absorption by linoleic and ricinoleic acids. These acids absorbed oxygen 
and gave a positive Kreis test, the colors developed were less intense than 
with oleic acid. Linoleic and ricinoleic acids gave but faint tallowy odors 
even after large amounts of oxygen were absorbed. They (137a) describe 
an apparatus for determining the oxygen absorption by fats. Nagel and Yon 
Have (257) using an oxygen uptake procedure demonstrated a catalytic 
effect of copper oxide on drying and non-drying oils. Tschireh and Barben 
(377) reported that rancid fats gave the Kreis test for deterioration and 
showed peroxides present. Inichof and Schosldrine (186) reported that a 
determination of the amount of aldehydes present is the only means of pre¬ 
cisely estimating the rancidity of butter. They described a method for their 
determination. 

Davies (81) reported a test for forecasting the deterioration of butter by 
means of oxidation potentials as determined by methylene blue. 
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Lucas d al. (223) checked the scores of butter against amino nitrogen 
and total nitrogen, acid number, iodine number, Reichert-Meissl number and 
the Kreis test. After six months storage each sample was tested for tri- 
methylarnine. They found no relationship between these tests and the keep¬ 
ing quality as determined by score except in the case of the Kreis test. But¬ 
ter with a fishy flavor after storage for six months showed a positive tri- 
methylamine test. Briggs (28) reported that the acid, iodine and peroxide 
values remained practically unchanged during the induction period. The 
acid value failed to show a (dose relation to the absorption of oxygen, there 
being a distinct lag indicating that the production of acid is a secondary 
process. He concluded that the acid value was not a satisfactory means of 
detecting the progress of oxidation. The iodine value was found to decrease 
nearly in proportion to the absorption of oxygen. He concluded that al¬ 
though the determination of iodine number gives no indication of any 
changes during the induction period, it does give a fairly satisfactory guide 
to the progress of later oxidation. The Kreis test was found to be quite 
sensitive. 

Robert (204) reported that only compounds containing an allyl group or 
a substituted allyl group were capable of forming red condensation products 
with phloroglucinol. Ginzberg and Fomina (123) proposed a new constant 
“oxygen number,” for fat investigation. The oxygen number is defined as 
the number of mg. of oxygen (from KMn0 4 ) required to titrate a fat. It is 
similar to, but not identical with, the iodine number. 

Triebold and Bailey (371) found little or no relationship between the 
iodine number and the keeping quality of shortening. There was a slight 
tendency for those samples showing lower iodine numbers to have better 
keeping quality. 

Taufel and Thaler (350) reported a new analytical method for the de¬ 
termination of ketones in rancid fats. Aspegren (12) studied the changes in 
shortening and oils by heating them in an oven at 145° F. This treatment 
over a period of 106 days increased the nitrogen content and decreased the 
iodine number. Taufel (349) and "Wheeler (397) have reviewed the tests for 
fat spoilage. The latter developed a convenient method for the determina¬ 
tion of peroxides. This is not satisfactory as a single test in the early stages 
but after appreciable oxidation has occurred it indicates how far the oxida¬ 
tion has proceeded. Wheeler found a high peroxide value always accom¬ 
panied by a high Kreis test. Frehden (308) likewise has described a new test 
for fat spoilage but its sensitivity has not been determined. Ritter (292a) 
developed a test for copper in butter by use of the peroxide reaction. The 
copper content of butter is closely associated with keeping quality. Joyner 
and McIntyre (197) used the oven test as an index to keeping quality of fats. 
Closely paralleling this is the holding test for butter as reported by Jacobson 
(190) and Parsons (273). Under this test the butters are held at room tern- 
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peraturc for a short period, whereby the rate of decomposition is greatly 
accelerated. Ritter and Nussbaumer (301, 304) reported a method for the 
determination of keeping quality based upon the length of time required for 
the peroxide number as developed by Wheeler to reach a value between 5 and 
10. Beyond this range the value increases very rapidly. 

Trout and Sharp (375) found taste a reliable method for the detection of 
oxidized flavor in milk. 

Many chemical tests have been proposed as measures of the rapidity with 
which oxidation takes place and these have met with varying degrees of suc¬ 
cess. Among them the Kreis test and the peroxide number, however, appear 
to be the most sensitive and of greatest value in detecting th onset of oxi¬ 
dation. 

XIV. ANTIOXIDANTS 

Early Work —The original work on antioxidants was probably inspired 
by the finding that certain substances accelerated the rate of oxidation of 
certain materials. Bevis (23) found that oleic acid added to beef fat pro¬ 
moted the development of rancidity. Glycerin had no effect. Fridericia 
(110) reported that when certain animal fats, such as lard or hydrogenated 
whale oil, were mixed in rations containing butter as a source of vitamin A 
the animals suffered from vitamin A deficiency. Greenbank and Holm (137) 
observed the acceleration of oleic acid on the rate of oxidation of fats. 
Moureu and Dufraisse (252) studied the catalytic properties of iodine and 
its compounds on the auto-oxidation of acrolein. In each case an appre¬ 
ciable positive or negative effect was observed, but the nature of the action 
could not be predicted. 

Smith and Wood (332) studied the effect of inhibiting agents in the oxi¬ 
dation of unsaturated organic compounds. Over 100 chemicals were tried 
using the oxygen absorption method. They classified the retarding agents in 
order of their effectiveness. These workers expressed two hypotheses: 1. The 
antioxidant, being basic, combines with the acidic products of oxidation and 
prevents them from acting as autocatalysts toward oxidation. 2. The triple¬ 
bond N atom with 2 partial valences, or elements with free valences, forms 
intermediate compounds with the easily oxidized ethenoid carbon. This tem¬ 
porary compound controls the rate of reaction for a definite, but limited 
period of time. Holm, Greenbank, and Deysher (170) presented evidence of 
the existence of loosely bound oxygen compounds in butter oil. They con¬ 
sidered these substances, termed “moloxides,” as responsible for oxidation 
in vacuo. They reported also a powerful retarding action of OH groups in a 
position analogous to that of the second unsaturated bond in linoleic acid. 

Husa and Husa (185) reported that addition of 0.5 per cent of hydro- 
quinone to lard reduced the rate of development of rancidity about 50 per 
cent. No effect was found from the following compounds on the rate of de¬ 
velopment of rancidity; salicylic acid, acetyl-salicylic acid, beta-napthol, 
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liquefied phenol, dl-alauine, pyrogallic acid and resorcinol. Clark (48) 
found that from 0.5 to 1.0 per cent of pheiivl-a-naphthylamine added to such 
oils or waxes as those used in electric insulation prevented oxidation. Matill 
and Crawford (236) suggest that the mere presence of double bonds is of less 
moment for the process of oxidation than is that of substances which initially 
either accelerate or retard the reaction. The sterols of corn oil were found to 
greatly prolong the induction period of lard, but acetylated sterols reduced 
the induction period. Moureu et al. (253) prefer the use of the term “anti- 
oxygen 99 to antioxidant because they claim that an article, which is to be pro¬ 
tected against oxygen, after having been subjected to the action of air, will 
need a greater proportion of antioxvgen to make up for that which will be 
destroyed by the peroxides already formed. 

Hilditeh and Paul (159) reported basic compounds in linseed oil and 
cottonseed meal. The antioxygenic activity was suppressed by treatment 
with anhydrous HC1 and partly restored by neutralization with sodium 
methoxide. The identity of Ihe basic compound was not determined, but 
they believed it to bo a basic oxygen rather than a basic nitrogen compound. 
Matill (235) made a review of the antioxidants and autoxidants of fat. 
After studying a large number of compounds his observations indicate that 
antioxygenic capacity of phenols resides in two hydroxyl groups in cither 
the ortho or para configuration; when these were in the meta position the 
compound was inactive. The hydroxyls were ineffective unless attached 
directly to the ring; the fully hydroxylated inosite is inactive. In the naph- 
thols one hydroxyl group is sufficient and in keeping with its accepted be¬ 
havior, a-naphthol has the character of an ortho compound and is much more 
effective as an antioxidant than b-naphthol; quinone is effective and b-naph- 
thoquinone is even more so but the alpha form is inactive. Stiepel (341) also 
found naphthol effective, Matill discusses these facts in relation to the more 
recent theories of the electronic structure of the benzene ring and autoxi- 
dation. A number of sterols of animal origin and sitosterol from wheat, 
corn, and lettuce were all inactive. The existence of pro- and antioxygenic 
substances among the non-saponifiable constituents of natural fats and oils 
suggests that some of these may be concerned with the physiological action 
of the fat-soluble vitamins. Baumann and Steenbock (19) reported that 
pure vitamin A and pure carotene were destroyed by ultra-violet light in 
one-half hour whereas the crude product was stable during exposure for five 
hours. Briggs (27) reported antioxygenic effect for curd in butter whereas 
humidity, glycerol, triolein, lactose, iodine, potassium iodide and pasteur¬ 
ization had little or no effect. 

Monalgalm and Schmidt (247) reported that vitamin A was found to com¬ 
pletely inhibit oxygen uptake of linoleic acid for some hours but that it loses 
inhibiting power when the vitamin is destroyed by oxidation. Likewise, the 
presence of carotene was shown to strongly inhibit oxidation during the first 
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few hours during which time it becomes bleached (presumably oxidized), 
and then it increases the oxygen uptake. Koenig (206) found that carotenoid 
pigments inhibit rancidity in fats and Greenbank and Holm (139) reported 
carotene an antioxidant for acids but not for glycerides. Newton (259) re¬ 
ported that carotenoid pigments act as antioxidants and that these anti- 
oxident properties carried over into finished bakery products. In contrast 
to this Bradway and Matill (26) and Olcovich and Matill (265) report that 
carotene is pro-oxygenic but that crude carotene may be antioxygenic due to 
an associated inhibitor. In the latter work these investigators found that 
carotene in autoxidizable fat shortened the induction period and concluded 
that carotene is a pro-oxidant. 

Guillaudeu (140) reported that cyanamide compounds added to soap 
chips inhibit oxidation. Murrill (256) reported phenyl phenolate to have 
antioxidant properties. Yamaguchi (410) found antioxidant properties for 
copper oleate and manganese linoleate. Palit (269) reported that proteins 
and carbohydrates retard fat oxidation. Roller (312) stated that not all 
samples of wheat germ oil act as antioxidants for fat, oils, and food rations. 
The activity was not dependent upon the amount of lecithin, sitosterol, un- 
saponifiable matter or free from fatty acids present. He believed the activ¬ 
ity to be due to free OH groups either on the glycerol or on the ricinoleic acid 
which the oil was thought to contain. Salzberg (320) reported antioxidant 
activity for catechol monodedecyl ether or other suitable phenols of the ben¬ 
zene series having at least one alkoxy group in position o- or p- to a hydroxyl 
group and containing 12 carbon atoms in such alkoxy group. Greenbank 
(132) found the treatment of oils or fats with a small proportion of an un¬ 
saturated polybasic aliphatic acid such as maleic, aconitic, fumaric, citraconic 
or itaconic acid or derivatives such as maleic anhydride or ethyl or sodium 
maleate, to be effective in inhibiting oxidation. In a later work Greenbank 
and Holm (139) found hydroquinone, phthalic acid and maleic acid good 
antioxidants. Maleic acid was the best of the three. Olcott (261) found 
pyrogallol, hydroquinone, pyrocatechol, hydroxyhydroquinone and apionol 
excellent antioxidants. The 1, 3, and 1, 8 naphthalenediols were effective 
whereas the 1, 4 derivative was inactive. The esterification and alkylation 
of one or more of the hydroxyl groups destroyed or greatly reduced antioxy¬ 
genic activity. Side chains of the benzene nucleus reduce the activity of 
hydroquinone. The quinones possess slight activity and 1, 4 eyclohexanediol 
and saligenin were inactive. Maleic, tartaric and citric acids were inactive. 

Coe and LeClerc (55) found maleic and phthalic acids, hydroquinone, 
pyrogallol, pyrocatechol and guaiacol to act as antioxidants. Lea (217) re¬ 
ported Na-maleate, NH 4 -lactate, Na-tartrate, Na-glycolate, and Na-lactate as 
moderate antioxidants and glycine, asparagine, Na-citrate, and Na-malonate 
as powerful antioxidants. 
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In 1935 Evans (100) found that when mixed with cotton seed oil, lecithin 
(probably a mixture of lectithin and cephalin) greatly retarded peroxide 
formation. It was found more effective than diphenylguanidine, hydroquin- 
one and KCN. He found the antioxidant property of lecithin destroyed 
by heating to 65° C. Sitosterol was also shown to inhibit peroxide formation. 
He explained the antioxidant properties of palm kernel oil on the basis of its 
sitosterol content. Holmes et al. (173) reported hydroquinone and lecithin 
as antioxidants for vitamin A in halibut liver and cod liver oils. Lecithin 
was found more effective than hydroquinone at 96° C. Koenig (206) found 
lecithin to inhibit the development of rancidity of butter. Olcott and Matill 
(264) reported that purified lecithin was not an antioxidant but that purified 
cephalin was. Ritter and Nussbaumer (303) found lecithin and particularly 
cephalin obtained from plant lecithin, to have strong antioxidizing effect. 

Sabalitsclika and Bohm (317) reported that the oxidation of organic sub¬ 
stances readily liable to atmospheric oxidation is prevented by incorporation 
of substances of the formula RCOOR'N (R")R"', where R is hydrogen, 
alkyl, alkylene or aryl, which may be substituted by OH, hydroxyalkyl, an 
alkyl or Nn 2 , R' is alkylene with not more than 4 carbon atoms, R" is al¬ 
kylene with not more than 3 carbon atoms and R"' is hydrogen or alkyl with 
not more than 3 carbon atoms. Hinsberg and Nowakowski (162) found that 
many porphyrins inhibit autoxidation of linseed oil. The effect was related 
to the number of carboxyl groups in the molecule. Kochling and Taufel 
(205) studied the role of maltol in fat spoilage. It w r as found to exert anti¬ 
oxidant action only under highly acid conditions. French, Olcott, and Matill 
(109) found a prolongation of the induction period by fractions of unsapon- 
ifiable lipids of wheat germ oil and palm oil. 

Hamilton and Olcott (149) reported that from experiments with anti¬ 
oxidants phenolic inhibitors and inhibitols cause no change subsequent to the 
end of the induction period, but exert their effect solely by inhibiting the 
formation of the initial monoxide and are then entirely destroyed before the 
start of rapid oxidation. Olcott and Matill (263) studied antioxidants and 
autoxidation of fats. They classified the inhibitors into three groups: 1. acid 
type, 2. inhibitol and hydroquinone, and 3. other phenolic inhibitors. In 
general any type one inhibitor used with any type 2 or 3 compound pro¬ 
longed the induction period to a much greater extent than would be expected 
from a summation of the effects of each used alone. 

Olcott and Emerson (262) found the tocopherols to have antioxidant 
properties in lard. Maveety (238) found the residue from the distillation 
of spice oils to have antioxigenic properties. The substances were not iso¬ 
lated. Takahashi and Masuda (348) found the phenol compounds in incom¬ 
pletely burned oak smoke to have antioxygenic properties. Ritter and Nuss¬ 
baumer (301) reported antioxidative properties for hydroquinone. 



672 


W. CARSON BROWN AND L. M. THURSTON 


Conn and Asnis (58) found that dusting freshly prepared potato chips 
with oat flour retarded peroxide formation. Likewise treating parchment 
paper wrapper with oat flour definitely retarded oxidation of lard. Lowen, 
Anderson and Harrison (221) found oat flour to retard the initial peroxide 
formation in halibut and salmon oils. 

Butter and Ice Cream —Koenig (206, 206a) found that parchment paper 
wrapper treated with oat flour and a hexane extract of oats (avenol) used in 
butter, had a protective action against the development of rancidity. Dahle 
and Josephson (74) found that avenex-treated parchment paper was bene¬ 
ficial in retarding flavor defects at 45° F. but of little benefit as long as 
butter remained in storage at -15° F. In another study they found water 
extract of avenex improved the keeping quality of butter without injuring 
the flavor or incorporating sediment into the butter. Dahle (68) reported 
that oat flour in butter delayed not only the development of tallowiness but 
also such flavors as stale and cheesy. He suggested that these flavors may be 
of an oxidative nature. Ritter and Nussbaumer (303) found avenex to have 
antioxidant properties as did Corbett and Tracy (56) who reported a bene¬ 
ficial effect on the development of oxidized flavors in butter. The use of 
avenized parchment paper retarded surface flavors and improved keeping 
quality. 

Mueller and Mack (255) found that 0.25 per cent of oat flour in ice cream 
had antioxidative properties and delayed the development of off-flavors. 
They found 0.5 per cent still more effective. Brown (36) likewise found 0.5 
per cent effective. Weckel (389) recommended the use of not more than 0.3 
per cent avenex for vanilla ice cream and up to 0.5 per cent for strawberry 
ice cream. Dahle and Josephson (72, 73) reported 0.3 per cent not quite suf¬ 
ficient to completely inhibit oxidised flavor development in strawberry ice 
cream beyond 4 weeks time. However, 0.5 and 0.7 per cent proved an effec¬ 
tive antioxidant. Maaek and Tracy (224) and Burke and Newman (42) 
found 0.5 per cent of avenex an ample antioxidant for preserving the fresh 
flavor in ice cream. 

Bird, Ross, Iverson, Ause and Willingham (24) reported that the higher 
the iron content of ice cream the less the tendency for it to develop oxidized 
flavors. They believed the iron probably combined in the ferrous form and 
served as an antioxidant. 

Milk and Cream —Ritter (291) obtained antioxidative properties from 
hydroquinone, metol and ascorbic acid when used for tallowy flavor in milk. 
Ritter and Christen (296) reported from 5 to 7 per cent of hydroquinone in 
a bacteria culture which was known to prevent a tallowy flavor in milk. 
Chilson (47) found that ascorbic acid and hydroquinone when added di¬ 
rectly to milk prevented oxidized flavor development. Greenbank (133) also 
reported the beneficial effect of added ascorbic acid on milk. Dahle and 
Palmer (78) and Dahle (67) in addition to confirming these findings on 
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ascorbic acid, substantiated the effect of hydroquinone and added oat flour as 
antioxidants for milk. Maleic acid and carotene, in the quantities used, were 
found to be ineffective. Guthrie, Hand and Sharp (143) found that the use 
of paper bottles markedly decreased the effect of sunlight on the oxidation 
of ascorbic acid and on the production of off-flavors. Garrett (111) found 
that oat flour exhibited definite antioxidative properties in retarding the 
development of oxidized flavor in milk as induced by copper contamination 
or exposure to sunlight. Weckel (389) recommended the use of 2 per cent 
avenex for controlling stale flavor in storage cream. 

Deco (87) reported that boiling milk in large lots for an hour or more in 
contact with air, as practiced in some Belgian hospitals, destroyed 40 to 65 
per cent of the vitamin A and 20 to 25 per cent of the carotene. Both of 
these substances have been reported as having certain antioxidative 
properties. 

Anderson (4) reported that the use of pancreatic enzyme in milk pre¬ 
vented the development of oxidized flavor whether the difficulty is due to 
metal contamination or to naturally high susceptibility of the milk. He be¬ 
lieved the pancreatic enzyme to be specific for the prevention of the develop¬ 
ment of oxidized flavor and that it acted as an antioxidant. 

Apparently there are a number of antioxidants which will prevent the 
development of oxidized flavor in milk and dairy products. The use of these 
in milk is largely restricted because of laws in most states which prohibit the 
addition of any non-milk ingredient to milk. 

SUMMARY 

Of all the factors concerned in bringing about oxidative changes in dairy 
products metallic contamination, particularly by copper, is at present the 
most important. The control of copper contamination in processing becomes 
increasingly more important as the sanitary quality of the products is im¬ 
proved. However, not all milk must have copper contamination to develop 
an oxidized flavor. Fortunately, the percentage of milk which develops oxi¬ 
dized flavor spontaneously is relatively small and when this milk is mixed 
with normal milk it remains normal in flavor. For this reason it is not of as 
great commercial importance as is milk susceptible to metal-induced oxi¬ 
dized flavor. 

Oxidized flavor in milk has been shown to be associated with milk of low 
bacterial count. The growth of bacteria in the milk, either by using up the 
oxygen or by reduction of the potential, render milk non-susceptible even in 
the presence of copper. 

Oxidized flavor in milk was originally believed to be the result of oxidation 
of the fat catalyzed by copper and brought about through the action of an 
enzyme. The recent trend in literature points to the phospholipid fraction 
as the source of the flavor and recent work on cooked flavor questions seri¬ 
ously the action of an enzyme in bringing about the defect. 
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Grass feeding has been shown to reduce the susceptibility of milk to oxi¬ 
dized flavor even though the milk fat is made more susceptible to ordinary 
chemical oxidation. This is explained on the basis of reducing substances in 
the feed or in the milk, or in both. Various investigations have shown that 
ascorbic acid and carotene in the feed tend to reduce the susceptibility of the 
milk. Also a number of antioxidants have been demonstrated to have pro¬ 
tective qualities. The mechanism whereby an oxidized flavor develops has 
not been completely demonstrated nor has the mechanism whereby the 
various factors exert their effects. 

Tallowy flavor in butter appears to be the result of metal-induced oxida¬ 
tion of the fat, the point of attack probably being the double bonds in the 
oleic and linoleic acid radicles. 

Light and oxygen have been demonstrated to be important factors favor¬ 
ing oxidative changes. Oxidation will take place in the absence of light but 
the rate of reaction is slow. The source of oxygen may be either the free or 
the combined form. 

Both strong acid and alkaline reactions have been shown to favor oxi¬ 
dative changes. Over-neutralization is known to favor oxidative changes 
while butter made from high acid cream in the presence of copper contami¬ 
nation and salt is prone to become fishy upon storage. 

Both salt and moisture appear to play a role in the development of oxi¬ 
dative changes but they are of minor importance when compared to metallic 
contamination. 

Temperature is important only as a regulator of the rate of oxidative 
change. As the temperature increases the rate of oxidative change increases, 
all other factors being constant. Low temperature storage favors a slow rate 
of oxidative change. 

Development of tallowy or oxidized flavor in ice cream is undoubtedly an 
oxidative change. In this product, however, we have the possibility that the 
oxidative changes may affect either the phospholipid fraction or the butter- 
fat or both. The present work points toward fat as the substance oxidized. 
If the present trend of research on oxidized flavor of milk continues, a reex¬ 
amination of tallowy flavor in ice cream would seem desirable. 

The elimination of copper contamination is one of the major problems 
confronting the dairy industry today as the flavor problems resulting from 
chemical reactions have a copper history in the vast majority of cases. If 
these problems are to be eliminated by removal of the cause, it will be neces¬ 
sary for copper to be eliminated from all surfaces with which milk comes in 
contact because of the extremely small amount of copper required to develop 
the flavor in many cases. 

The authors wish to express their appreciation to Dr. R. B. Dustman, De¬ 
partment of Agricultural Chemistry, West Virginia Agricultural Experi¬ 
ment Station, for advice and criticism in the preparation of this paper. 
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REPORT OF THE STUDENTS' NATIONAL CONTEST IN 
JUDGING DAIRY CATTLE 

San Francisco, California, October 21,1939 


Seventeen teams competed in the Dairy Cattle Judging Contest held on 
Treasure Island in conjunction with the National Dairy Show and the 
Golden Gate International Exposition. The Iowa State College team won 
first honors on all breeds and Robert Lage of Iowa State was high individual 
of the contest. 

Breed honors were divided, with the Texas A. & M. College team ranking 
first in Ayrshires and Brown Swiss. A. A. Price, of the Texas A. & M. team, 
was high individual in judging Ayrshires, while individual honors on Brown 
Swiss went to D. C. Marsh of the same team. 

The Guernsey trophy was won by the team from the University of Mis¬ 
souri with individual high score being made by A. A. Price of Texas A. & M. 
College. 

In judging Holsteins, South Dakota State College Avon first in team 
standings, while Paul Astleford of Oregon State College was high ranking 
individual. 

First rank in team standings in Jersey judging was won by the Univer¬ 
sity of Wisconsin. T. H. Blosser of Purdue University was high ranking 
individual and won the $400 Research Scholarship awarded by the American 
Jersey Cattle Club. 

The ten high ranking individuals and the team rank for the various divi¬ 
sions of the contest are indicated in the following lists: 


ALL BREEDS 
Individuals 

1. Robert Lage, Iowa State College 

2. A. A. Price, Texas A & M College 

3. E. Halbach, University of Wisconsin 

4. Quinten Byse, University of Wisconsin 

5. Paul Astleford, Oregon State College 

6. Russel Pfeiffer, University of Nebraska 

7. T. H. BlosseT, Purdue University 

8. Alva Clark, University of Missouri 

9. Gilbert Walker, Oklahoma A & M College 

10. Raymond French, University of Illinois 


Teams 


1. Iowa State College 

2. Oklahoma A & M College 

3. Texas A & M College 

4. University of Wisconsin 

5. University of Nebraska 
C. University of Missouri 

7. Purdue University 

8. Oregon State College 

9. Texas Technological College 


10. University of Illinois 

11. University of Tennessee 

12. University of Minnesota 

13. South Dakota College 

14. New Mexico College of Agriculture 

15. Kansas State College 

16. Pennsylvania State College 

17. University of Georgia 
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AYRSHIRKS 

Individuals 

1. A. A. Price, Texas A & M College 

2. Jack Hancock, Texas Technological College 

3. Chas. Bennett, University of Illinois 

4. Tom Miles, University of Tennessee 

5. Dallas Rierson, New Mexico College of Agriculture 

6. Donald Jordan, University of Minnesota 

7. Alva Clark, University of Missouri 

8. Eugene Halbach, University of Wisconsin 

9. Gilbert Walker, Oklahoma A & M College 

10. W. C. Foster, Texas A & M College 


1. Texas A & M College 

2. University of Minnesota 

3. University of Nebraska 

4. Purdue University 

5. University of Tennessee 

6. Oklahoma A & M College 

7. University of Wisconsin 

8. New Mexico College of Agriculture 

9. Texas Technological College 


Teams 

10. University of Illinois 

11. Oregon State College 

12. University of Missouri 

13. Pennsylvania State College 

14. University of Georgia 
.15, Iowa State College 

16. South Dakota State College 

17. Kansas Stato College 


BROWN SWISS 

Individuals 

1. D. C. Marsh, Texas A & M College 

2. Fred Giesler, University of Minnesota 

3. Quinten Syse, University of Wisconsin 

4. A. A. Price, Texas A & M College 

5. Claire Weiner, Iowa. State College 

6. Willis Jones, University of Georgia 

7. Elmont Honey, Texas Technological College 

8. Jack Hancock, Texas Technological College 

9. Alva Clark, University of Missouri 

10. Paul Astleford, Oregon State College 


'Teams 


1. Texas A & M College 

2. Texas Technological College 

3. Purdue University 

4. University of Missouri 

5. New Mexico College of Agriculture 

6. Iowa State College 

7. University of Tennessee 

8. University of Wisconsin 

9. Oklahoma A & M College 


10. University of Minnesota 

11. University of Illinois 

12. Oregon State College 

13. University of Nebraska 

14. University of Georgia 

15. Kansas State College 

16. Pennsylvania State College 

17. South Dakota State College 


GUERNSEYS 

Individuals 


1. A. A. Price, Texas A & M College 

2. T. H. Blosser, Purdue University 

3. Richard Schuckonbrock, University of Missouri 

4. Gilbert Walker, Oklahoma A & M College 

5. George Smith, University of Illinois 

6. Wm, H. Winner, Kansas State College 

7. Tom Miles, University of Tennessee 

8. Otto Pfeiffer, Jr., University of Nebraska 

9. Russell Pfeiffer, University of Nebraska 

10. B. I. Iffit, Pennsylvania State College 
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1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 

8 . 
9. 


i . 
8 . 
9. 


Oklahoma A & M College 
Texas A & M College 
University of Missouri 
Texas Technological College 
Kansas State College 
University of Nebraska 
University of Tennessee 
South Dakota State College 
New Mexico College of Agriculture 


Team ,s 

10. Iowa State College 

11. University of Georgia 

12. University of Wisconsin 

13. Purdue University 

14. University of Illinois 

15. University of Minnesota 

16. Pennsylvania State College 

17. Oregon State College 


HOL STEINS 
Individual# 

1. Paul Astleford, Oregon State College 

2. Eugene Halbach, University of Wisconsin 

3. Raymond French, University of Illinois 

4. Clifford Maury, Oklahoma A & M College 

5. Elmer Dent, Oregon State College 

0. Ray Johnson, University of Minnesota 

7. L. G. Duncan, New Mexico College of Agriculture 

8. Jacob Stimson, Iowa State College 

9. George Smith, University of Illinois 

10. Melvin Jensen, South Dakota State College 


Teams 


South Dakota State College 
Oregon State College 
University of Illinois 
Iowa State College 
New Mexieo College of Agriculture 
Oklahoma A & M College 
Kansas State College 
University of Minnesota 
University of Wisconsin 


10. Pennsylvania State College 

11. Texas Technological College 

12. University of Nebraska 

13. University of Tennessee 

14. Texas A & M College 
35. University of Missouri 
30. Purdue University 

17. University of Georgia 


jKKSKYS 
Individuals 

1. T. If. Iilosser, Purdue University 

2. Robert Lage, Iowa State College 

3. John Liggett. Oklahoma A & M College 

4. Eugene Tlalbach, University of Wisconsin 

5. Otto Pfeiffer, Jr., University of Nebraska 
0. Quin ten Syse, University of Wisconsin 

7. j 5 hillip E. Kiser, University of Missouri 

8. Claire Werner, Iowa State College 

9. Clayton Fox, Oregon State College 
30. Willis Jones, University of Georgia 


University of Wisconsin 

Teams 

30. 

University of Illinois 

Iowa State College 

13. 

Kansas State Co]logo 

Oklahoma A & M College 

12. 

Texas A & M College 

University of Missouri 

13. 

South Dakota State College 

University of Nebraska 

14. 

Texas Technological College 

Purdue University 

35. 

Pennsylvania State College 

Oregon State College 

10. 

University of Georgia 

University of Tennessee 

17. 

New Mexico College of Agriculture 

University of Minnesota 
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FURTHER OBSERVATIONS ON BASIC VISCOSITY OF 
ICE CREAM MIXES AND A SIMPLIFIED 
PROCEDURE TO OBTAIN IT* 

K. S. PENCZEK and A. 0. DA Hi,BERG 
Sew York Agricultural Experiment Station, Geneva, N. Y. 

The viscosity of an ice cream mix which is quiescently aged reaches a 
maximum value which may be broken clown by mechanical agitation to a 
lower constant minimum viscosity. Leighton and Williams (1) studied this 
phenomenon and named the two viscosities ‘ ‘ apparent ’ ’ and i ‘ basic. ’ ’ They 
reduced ice cream mixes from apparent to basic viscosities by agitating for 
60 minutes in a completely filled ice cream freezer. The measuring of 
basic viscosities of ice cream mixes is now a common experimental proce¬ 
dure. Dahlberg, Carpenter, and Hening (2) used a tightly sealed fruit 
jar with a Daisy churn agitator to secure basic viscosity. This method has 
the advantages of small samples of mix and short periods of agitation as 
compared to that used by Leighton and Williams (1). Whitaker (3) con¬ 
structed an apparatus to break apparent viscosity down to a constant basic 
value. Hening (4) has shown in this laboratory that if the aged ice cream 
mix is rehomogenized several times at low pressures the basic viscosity is 
lower than that obtained by the Whitaker device. This he attributed to a 
more thorough breaking up of the fat chimps by the homogenizer. 

The fact that fat clusters in milk and cream affect viscosity was shown 
in 1896 by Babcock and Russell (5). 

To further bear out this fact the following quotation is taken from an 
abstract of a paper written by Weissenberger (6) “Dispersoids, more prac¬ 
tical ly emulsoids whose concentration exceeds a certain limit tend to form 
secondary aggregates of the primary particles of the disperse phase. These 
structures of higher orders are easily broken down by mechanical agitation, 
by shaking or forcing the solution through capillaries. If the viscosity of 
such an emulsion is measured in an Ostwald viscometer it is bound to fall 
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off with successive passages through the capillary until a constant value is 
obtained, the magnitude of "which depends upon the size of the capillary. 
If the dispersoid is then allowed to rest, the viscosity slowly increases again 
as the structures of higher order again are formed. ’ ’ 

Mortensen (7) was perhaps the first to state that homogenization pro¬ 
duced large fat clusters. Leighton and Williams (1) have shown that if 
an aged mix is repeatedly run through an Ostwald viscometer, the time 
required for the flow of the mix gradually decreases to a constant value 
that is dependent on the instrument itself. This is in agreement with 
Bateman and Sharp (8) who obtained the same results for whole milk. 
They further state that the reduction of viscosity w r as related to the break¬ 
ing up of fat clumps. 

In addition to the breaking up of fat clumps, it is known that agitation 
will break up the gel structure in ice cream mixes formed by gelatin, 
resulting in a reduced viscosity. 

With the fact in mind that the basic viscosity as related to apparent 
viscosity of an ice cream mix is affected chiefly by the size and number of 
fat clusters and by the gel structure, a study was undertaken to determine 
whether a hand emulsifier is more efficient and more practical than the 
Whitaker device (3) in reducing apparent viscosity to basic viscosity. 

EXPERIMENTAL METHOD 

Preliminary trials on an ice cream mix, containing 12 per cent milk fat, 
12 per cent milk solids-not-fat, 15 per cent sugar, and 0.4 per cent gelatin, 
pasteurized at 65.5° C. (150° F.) for 30 minutes, and homogenized with a 
two-stage valve at 2500 and 500 pounds pressure per square inch at pasteuri¬ 
zation temperature and aged at 40° C. (39.2° F.) for 18 hours, showed that 
the hand emulsifier reduced the mix to a low r er basic viscosity than the 
Whitaker device. The ice cream mix was emulsified twice. The mix was 
prepared from fresh milk, sweet cream, and dry skim milk. 

In all other experiments a fat content of 10 and 14 per cent was chosen 
to determine the difference in basic viscosity between a high fat and a 
low fat ice cream mix, using Whitaker’s apparatus and a hand emulsifier 
to obtain the basic viscosity. 

The composition of the ice cream mixes were as follows; No. 1, 10 per 
cent milk fat, 10 per cent milk solids-not-fat, 15 per cent sugar, and 0.4 
per cent gelatin; No. 2,14 per cent milk fat, 10 per cent milk solids-not-fat, 
15 per cent sugar, and 0.4 per cent gelatin. The ice cream mixes were 
pasteurized at 68.3° C. (155° F.) for 30 minutes and homogenized at 2500 
and 500 pounds pressure per square inch at the pasteurizing temperature 
in a Manton-Gaulin homogenizer of a 60 gallon per hour capacity. They 
were then cooled on a surface tubular cooler to 4° C. and a sample was 
promptly taken for immediate determination of original viscosity. The 
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ice cream mixes after being cooled were permitted to age at 4° C. for 4 
arid 24 hours, after which time tests were made for apparent viscosity 
and basic viscosity as obtained by the Whitaker device and the hand emul¬ 
sifier. The viscosities were determined between 4.2-5.4 0 C. in a room at 
4° C. with a MacMichael Viscometer using No. 26 and No. 30 wires, and 
the disc bob. These wires were calibrated against oils standardized by the 
Bureau of Standards. 

At the time that the viscosity was measured a 1 ml. sample of the ice 
cream mix was taken and diluted with 99 ml. of distilled water for micro¬ 
scopic examination of fat globules and fat clumps. All of the fat globules 
and fat clumps were counted and measured in the field or fields until 100 
fat globules were measured. This method not only gave the average size 
of fat clumps and fat globules but the relative ratio of fat clumps to the 
fat globules, iri the ice cream mix. The ocular micrometer scale was stand¬ 
ardized to make one small division equal one micron. 

In breaking down the apparent viscosity with the Whitaker device (2) 
the recommended time of twenty minutes was used. The hand emulsifier 
was operated at an average of 78 full strokes per minute. All basic vis¬ 
cosities were read immediately after breaking down the apparent viscosity. 

EXPERIMENTAL RESULTS 

It was essential to standardize the procedure with the hand emulsifier 
so that results could be easily duplicated. The number of homogenizations 
required to bring a mix to a constant basic value, the speed of homogeniza¬ 
tion, and the constancy of data secured with different emulsifiers must be 
known. 

Two emulsifiers were used for comparison. Emulsifier No. 1 was a new 
instrument while emulsifier No. 2 had light service for two years. Emul¬ 
sifier No. 1 was used throughout the entire investigation. 

The data, table 1, show that emulsifying the ice cream mix twice was 

TABLE 1 

Basic viscosity of 'ice cream mixes at 4° C. as affected by the number of times emulsified 




Viscosity in eentipoises 

Mix 

Number of times 
emulsified 


Period aged 




0 hrs. 

1 4 hrs. 

24 hrs. 

- - 1 

1 . i 

0 

, 18 

53 ! 

51 

1 . 

o 


24 

27 

1 . 

2 

3 

0 

3f> 

13C> 

23* 

271* 

$ 

2 


45 

41 

2 . 

3 


45 

48 

o 

4 


1 

50 


* Temperatures were one degree too high. 
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as efficient as three or four times in breaking the apparent viscosity down 
to a minimum. This is substantiated by the data, table 2, which show that 
the average size of fat globules and fat clumps and their relative numbers 
were not materially affected by the number of times the mix was emulsified. 
The hand emulsifier hardly affected the size of the fat globules. It should 
be pointed out that the viscosities of the two mixes, table 1, aged 0 hours 
which may properly be termed “original viscosity M represent both the 
absolute basic values which at that moment are exactly the same as the 
apparent viscosity. Then too, the viscosities of the mixes are apparent 
when not emulsified after 4 and 24 hours aging. 

The data in tables 1 and 2 show that when the size of the fat clump 
was small the number of clumps present in the mix did not great!}' affect; 
the viscosity as compared with the effect of individual globules. 

The effect of two extreme emulsifying speeds on the basic viscosity was 
determined. Mixes w T ere emulsified at 36 full strokes per minute and at 
120 full strokes per minute to compare with the usual speed of 78 strokes. 

TABLE 3 

The effect of the rate of emuhifyinp on the basic viscocity of the mix 


Viscosity in eentipoises 


Mix 

I Strokes per minute 

Period aged 


i 

1 

0 lirs. 

i 24 hrs. 


0 

14* 

80* 


30 


20 

i. 

78 1 


I 24 

i . 

120 


23 

2 

0 

37* 

445* 

<> 

30 


01 

o 

78 


50 

2 

120 


54 


* Temperature 2.5 to 3.7° C. Other temperatures were 4° C. 

The data, table 3, show that if the mix was emulsified at the rate of 
120 full strokes per minute the basic viscosity obtained was slightly lower 
than that obtained by emulsifying at the rate of 36 strokes per minute. 
The usual speed of 78 strokes gave the same results as the very high speed 
and was adopted throughout this study. 

Since Dahlberg (9) first showed that gelatin gel is reformed in ice 
cream after whipping and Dahlberg, Carpenter, and Hening (2) found 
this regelation to be practically completed in 10 hours it is evident that 
basic viscosity is temporary. It was necessary to know how quickly the 
reading must be made after the mix had been broken down to basic vis¬ 
cosity. Figure 1 shows that the basic viscosity as obtained by the hand 
emulsifier increased as a linear function of time for the first 30 minutes. 
Therefore it is advisable to determine the basic viscosity within as short 
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a time as possible after obtaining it. The longest time that may be per¬ 
mitted between the time the apparent viscosity is broken down and the 
sample tested for basic viscosity is five minutes. This time lag does not 
introduce a serious error. 



Pig. 1 . The basic viscosity of two different icc cream mixes as affected by aging after 
hand emulsification. 

It was essential to know if the results could be duplicated by another 
emulsifier of the same make. The apparent viscosity was broken down 
by two emulsifiers, one being new while the other was two years old. The 
data, table 4, show that the basic viscosities obtained by different emulsifiers 
of the same make were duplicated within reasonable experimental error. 

TABLE 4 


The results secured with two hand emulsifiers of the same mal'c 


Mix 

Emulsifiers 

; 

Viscosity in centipoises 

Period aged 

0 hrs. 

4 hrs. 

24 hrs. 

1 . 


14* 

35 

80* 

1 . 

i 


lfi 

24* 

1 . 

2 


18 

21* 

2 . 


37* 

195 

445* 

2 . 

1 

. 

37 

! 56* 

2 . 

2 


40 

59* 


* Temperature range between 2.4-3.5° C. instead of 4.2-5,4° C. 


The hand emulsifier was then compared with the Whitaker apparatus 
(3) for breaking down apparent viscosity to a constant basic value. The 
mix was emulsified twice and immediately tested for basic viscosity. The 
Whitaker device was used according to his recommended procedure. 
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The data, table 5, clearly show that the hand emulsifier reduced mixes 
to lower basic values than the "Whitaker device. 

TABLE 5 

The comparison of basic viscosities of ice cream mixes as obtained by the hand emulsifier 

and the Whitaker device 


: 

Mix 


Viscoeity in eentipoises 

Type of agitation 

Period aged 

0 hrs. 

4 lira. 

! 24 hrs. 

1 


18 

33 

151 

1 

Whitaker 

i 


47 

1 

Emulsifier 


24.3 

27 

o 


36 

33.6 

271 

2 

Whitaker 



73 

o 

Emulsifier 


45 

41 

2B* 


37 

195 

445 

2B 

Whitaker 


76.0 


2B 

Emulsifier 


37 



* Mix 2B is also all per cent milk fat mix. 


According to Hening (4) the difference should be due to the fact that 
the hand emulsifier is more efficient than the Whitaker device in breaking 
down the fat clumps. Both methods of agitation are supposed to be vig¬ 
orous enough to break down the gel structure formed by gelatin in an ice 
cream mix. To see if the assumption proposed by Ilening is true, the 
average size of the fat globules and clumps as well as the number of fat 
clumps per 100 fat globules were determined. The data, table 6, show that 
the Whitaker device was as efficient as the hand emulsifier in breaking lip 
the larger size fat clumps. Other data, table 2, indicate that the change 
in basic viscosity was independent of the size of the fat clumps when the 
fat clumps were small. Therefore the higher basic viscosity obtained by 
the Whitaker device was not due to the size of the fat clumps. The in¬ 
crease is also not due to incorporation of air because extreme precautions 
were taken to prevent the incorporation of air in the mix by the Whitaker 
device. Therefore, a test was set up to see if both methods of agitation 
break down the gel structure completely. 

Two samples were used in this test. Sample I consisted of skimrailk 
with 0.8 per cent gelatin. Sample 2 was a standard mix of 12 per cent 
milk fat, 10 per cent milk solids-not-fat, 15 per cent sugar and 0.4 per cent 
gelatin. Both samples were treated as previously described but in addition 
to breaking down the apparent viscosity with the hand emulsifier and the 
Whitaker device, the large power operated homogenizer was used with a 
two stage valve set at 3500 and 500 pounds pressure per square inch. The 
homogenizer was precooled with the ice water before the tests we,ye made. 

The temperature for reading the viscosity ranged between 5.5° C. and 
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7,2° C. After the basic viscosity was read a sample was taken for each 
method and permitted to stand for 24 hours to determine the ability of the 
sample to regel. 


TABLE 7 


The basic viscosity of ice cream mix and of skimmilk containing gelatin as secured by 
several methods and the ability to regel 


Method of obtaining 
basic viscosity 

1 1 1 

Skimmilk with 
gelatin 

Ice cream mix 

Viscosity of skim* 
milk 24 hours after 
being reduced 
to basic 

Original. 

10 

20.5 


4 hours of aging 
(apparent) . 


122 


Homogenized 2 stage, 
3500-500 . 

10 

27 

150 

Hand emulsifier 

17 

34 

285 

Whitaker device .... 

i 

34 

42 

245 

24 hours of aging 




(apparent) . 

500 

1 192 


Homogenized 2-stage, 

3500-5UO 

10 

! 24 

105 

Hand emulsifier 

39 

43 

| 177.5 

Whitaker device 

35 

53 

i 185 


The results, table 7, indicate that the hand emulsifier was more efficient 
in breaking down the gel structure than the Whitaker device but that 
neither of them broke it down as completely as did the power operated 
homogenizcr. The power homogonizer reduced aged solutions of gelatin in 
skimmilk back to the original viscosity before aging. None of the methods 
were capable of destroying the re-gelatinizing power of the gelatin. 

DISCUSSION 

The desirability of a simple inexpensive method to obtain basic viscosity 
of ice cream mixes is obvious. This study was undertaken to learn if the 
hand emulsifier is more simple, efficient, and practical than the Whitaker 
device in breaking down apparent viscosity to basic viscosity. The hand 
emulsifier may be much more readily assembled, cleaned and operated than 
the Whitaker device. It is also much more economical to purchase and 
operate. 

The devices of Dahlberg and of Whitaker reduced Leighton’s time of 
agitation and greatly reduced the size of sample. The hand emulsifier 
further reduced the time. Allowing two minutes for making the basic 
viscosity test the method used by Leighton would require 62 minutes, the 
Whitaker method 22 minutes and the hand emulsifier 5 minutes to break 
down apparent viscosity to basic viscosity and run the test. 
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Although the hand emulsifier is more efficient in breaking down the 
apparent viscosity to basic viscosity, it does not seem to be more efficient 
in decreasing the size of the fat clumps. It did reduce gelatin gels more 
completely to a minimum basic viscosity. 

CONCLUSIONS 

It is concluded that the hand emulsifier is simpler, more practical and 
more efficient than the agitation methods of reducing apparent viscosity to 
basic viscosity. 

The difference between the minimum viscosity obtained by the hand 
emulsifier and the Whitaker device is not due to the size of fat clumps 
and fat globules, but due to the fact that the hand emulsifier is more efficient- 
in breaking down the gel structure. 

The results indicate that even though the gel structure was broken 
down completely, as was done by the pow T er operated homogenizer, the 
gelatin used in this experiment had the power to regel without change in 
temperature of storage. 
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EFFECT OF VARIOUS BACTERIA ON FLAVOR OF CHEDDAR 
CHEESE MADE FROM PASTEURIZED MILK* 

W. C. HARRIS AND B. W. HAMMKR 
Iowa Slate College, Ames, Iowa 

Adequate pasteurization of milk for eheddar cheese lias two advantages. 
It insures destruction of pathogens that may have gained entrance to the 
milk up to the time of heating and, accordingly, is of public health signifi¬ 
cance. Also, it tends to control various objectionable fermentations when 
the causative organisms enter the milk preceding the pasteurization. 

Experience has shown, however, that eheddar cheese made from pasteur¬ 
ized milk does not develop the full, characteristic flavor normally found in 
raw milk cheese of fine quality. It appears that during pasteurization a 
change occurs which interferes with development of the typical cheese flavor 
and also materially increases the time necessary for ripening. Whether 
this change is due to partial destruction of the natural bacterial flora of the 
milk, to action on enzymes, or to both, is not known. If the increase in time 
required for ripening of the cheese is due to partial destruction of the 
natural flora of milk by pasteurization, addition of cultures of desirable 
bacteria should aid in overcoming the difficulty. 

The work herein reported deals with the effect of various bacteria of the 
genus Micrococcus and the genus Propionibacterium on flavor of eheddar 
cheese made from pasteurized milk. These genera were selected because of 
the frequency with which organisms belonging to them have been found 
in raw milk cheese (2, 3, 5, 7). 

MICTFIODS 

Manufacture and ripening of cheese 

The cheese were made in the experimental vat designed by Lane (9). 
This consists of five small compartments surrounded by a common water 
jacket, and with it the five cheese in a series could be made with approxi¬ 
mately identical procedures. Each cheese weighed about 2.5 pounds. 

The milk used came from various herds and contained approximately 
4 per cent fat. All the milk was pasteurized at 61.7° C. (143° F.) for 30 
minutes, so that it would have met any public health requirement, and 
then cooled. 

In making a series of cheese, 25 pounds of the thoroughly mixed, pas¬ 
teurized milk was weighed into each compartment and heated to 30° C. 
(86° F.); 2.5 per cent of the usual culture was then added. One lot of 
milk had no further inoculation and was intended as a control, while each 
Received for publication December 38, 1939. 

* This investigation was aided by a fellowship granted by the Dairy Industries Sup* 
ply Association, Inc. 
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of the other four was inoculated with an organism to be tested. The milk 
was usually ripened 30 to 45 minutes to obtain an acidity of 0.18 to 0.20 per 
cent, and commercial rennet was added at the rate of 3 ounces per 1,000 
pounds of milk. 

After 30 to 40 minutes the curd was cut with f-inch knives and was not 
disturbed for 8 to 10 minutes, after which heating was begun. Over a 
period of 40 to 60 minutes the curd was heated slowly to 40° C. (104° P.) 
and then cooked until the acidity of the whey reached 0.16 to 0.18 per cent. 
The curd was milled at a whey acidity of not less than 0.45 per cent. About 
30 minutes after milling, salt was added at the rate of 3 per cent of the 
estimated weight of curd. The salt, dissolved in 30 to 40 minutes, and the 
curd in each vat was then placed in a hoop. The cheese were pressed for 
about 1 hour, removed for dressing and then replaced in the press for an 
additional 16 hours. They were ripened at 4.4° to 10° C. (40° to 50° F.). 

Examination and scoring of cheese 

The cheese were examined for flavor by two or more judges after approxi¬ 
mately 1, 2 and 3 months of ripening. Samples were obtained with a small 
trier, and the trier holes were filled at once with paraffin. The cheese in a 
series, with the identities concealed, were ranked from 1 to 5 on the basis 
of the development of cheddar flavor. In tabulating the results the various 
cheese were recorded as being better or poorer than the control of the series. 

RESULTS OBTAINED 

Effect of various micrococci on flavor of cheese 

The effect of micrococci was studied with 34 cultures which represented 
various types of micrococci isolated from cheddar cheese by Higdon (7). 
Twenty-three series of cheese were made; except in a very few instances, 
each included a control and four cheese made with different test organisms. 
The cultures of micrococci were prepared by inoculating into sterile milk 
and incubating 3 days at 21° C. (69.8° F); 0.05 per cent of such a culture 
was added to the cheese milk. Each culture was used in one to five trials, 
depending on its effect on cheese flavor. 

The cultures of micrococci were divided into three groups according to 
their effects on cheese flavor: Those having an undesirable effect, those 
having no definite effect and those having a desirable effect. The allocation/ 
of a culture to a group w r as based not only on whether the culture ga xtj 
cheese which was placed above or below the control but also on the extent 
which the flavor differed. 

Cultures having an undesirable effect 

Seven of the 34 cultures were considered to have an undesirable effect on 
cheese flavor. The data obtained with them are summarized in table 1. 
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TABLE 1 


General effect of various micrococci on flavor of Cheddar cheese from pasteurised milk 
(Cultures having an undesirable effect) 


Culture 

no. 

No. 

of 

trials 

; Results after 

Summary 
of results 

1 month 

2 months 

3 months 

No. of 
trials 
better 
than 
control 

No. of 
trials 
poorer 
than 
control 

No. of 
trials 
better 
than 
control 

No. of 
trials 
poorer 
than 
control 

No. of 
trials 
better 
than 
control 

No. of 
trials 
poorer 
than 
control 

No. of 
trials 
better 
than 
control 

No. of 
trials 
poorer 
than 
control 

™ i ' 1 

1 

0 

1 

0 

1 1 

0 1 

1 

0 

3 

o 

3 

0 

3 

1 

o 

1 

2 

2 

7 

3 

4 

2 

2 

0 

4 

2 

2 

4 

8 

4 

1 

0 

1 

1 

0 

0 

1 

1 

2 

5 

1 

0 

1 

0 

; 1 1 

o ! 

1 

0 

3 

6 

4 

0 

4 

o 

o 

l 

3 

3 

9 

7 

4 

2 

2 

i ! 

3 

2 

o 

5 

7 


Tlie cheese made with the seven cultures commonly developed bitter or 
unnatural flavors. In some cases these flavors appeared rather early in the 
ripening process, while in others they did not develop until relatively late. 
Some cultures produced bitterness after 1 month but, as the cheese aged, 
the bitter flavor had a tendency to disappear. 

Cultures having no definite i fifed 

Of the 34 cultures, 14 had no definite effect on cheese flavor. Table 2 
summarizes the data on them. 


TABLE 2 


General effect of various micrococci on favor of chcddar cheese from pasteurised milk 
(Cultures having no definite effect ) 






Results after 



Summary 


N, 

1 month 

2 months 

3 months 

of results 

ulture 

No. of 

No. of 

No. of 

No. of 

No. of 

No. of 

No. of 

No. of 

no. 

trials 

trials 

trials 

trials 

trials 

t riais 

trials 

trials 

trials 



better 

poorer 

better 

poorer 

better 

poorer 

better 

poorer 



than 

than 

than 

than 

than 

than 

than 

than 



control 

control 

control 

control 

control 

control 

control 

control 

8 

4 

1 

3 

2 

2 

3 

1 

6 

6 

9 

o 

it 

0 

0 

• 2 

1 

1 

3 

3 

10 

o 

1 

1 

0 

o 

it 

0 

3 

3 

11 | 

2 

2 

0 

1 

1 

0 

.> 

3 

3 

12 j 

2 

_2 

0 

0 

o 

1 

1 

3 

3 

13 

9 

1 

1 

o 

0 

0 

o 

3 

3 

14 

2 

0 

2 

1 

1 

o 

0 

3 

3 

15 

o 

0 

*> 

1 

1 

o 

0 

3 

3 

16 

2 

0 

2 j 

2 

0 

1 

1 

3 

3 

17 

o 

2 

0 

1 

1 

1 

1 

4 

o 

18 

2 

2 

0 

1 

1 

1 

1 

4 

o 

19 

1 

1 

0 

0 

1 

1 

0 

2 

1 

20 

1 

1 

0 

0 

1 

1 

0 

o 

u 

1 

21 

5 

3 

2 

3 

2 

2 

3 

8 

7 
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A number of the cultures produced cheese that after 1 month were 
better than the controls, but after 3 months bitterness and other off flavors 
had developed. Other cultures produced undesirable flavors after 1 month, 
but after 3 months the cheese had improved. 

Cultures having a desirable effect 

Thirteen of the 34 cultures generally improved the flavor of cheese made 
with them. A summary of the data is given in table 3. 

TABLE 3 


General effect of various micrococci on flavor of cheddar cheese from pasteurised milk 
(Cultures having a desirable effect) 




Results after 

Summary 



1 1 month 

I 2 months 

1 3 months 1 

of results 











Culture 

JNo. 

of 

No. of 

' No. of 

No. of 

No. of 

No. of 

No. of 

No. of 

No. of 

no. 


trials 

trials 

trials 

trials 

trials 

trials 

trials 

trials 



better 

poorer 

better 

poorer 

better 

poorer 

better 

poorer 



than 

than 

than 

than 

than 

than 

than 

than 



control 

! control 

control 

control 

control 

control 

control 

control 

22 

2 

o 

0 

0 

2 

2 

0 

4 

o 

23 

2 

1 

1 

1 

1 

2 

0 

4 

2 

24 

2 

0 

2 

2 

0 

o i 

0 

4 

2 

25 

2 

0 

2 

o 

0 

o 

0 

4 

2 

26 

2 

2 

0 

0 

2 

*> 

0 

4 

2 

27 

2 

2 

0 

1 

1 

- i 

0 

5 

L 

28 

2 

1 

1 

2 

i 0 

*> 

0 

5 

1 

29 

4 

3 

1 

3 

1 1 

o 

o 

8 

4 

30 

3 

3 

0 

1 

1 9 

o 

1 

6 

3 

31 

4 

4 

0 

3 

1 

3 

1 

10 

o 

32 

5 

4 

1 

3 

o 

4 

1 

U \ 

4 

33 

4 

2 

o 

o 

o 

3 

1 

7 ! 

5 

34 

2 

1 

1 

2 

0 

*> 

0 

5 i 

1 


In general, the cultures produced flavors more or less characteristic of 
well ripened cheddar cheese. Some of them gave good flavors in the cheese 
regularly throughout the ripening period. A few, however, produced 
undesirable flavors after 1 month, but the cheese had improved after 3 
months and were better than the controls. 

Comparison of numbers of micrococci at beginning 
and end of ripening 

With each cheese prepaid! by adding micrococci to pasteurized milk, 
a count of the micrococci was made on the fresh curd and on the cheese 3 
months old. One gram of curd or cheese was ground with 9 ml. of 2 per 
cent aqueous sodium citrate and 0.1 ml. portions of various dilutions were 
spread over the surface of solidified beef infusion agar (in plates) with a 
sterile bent glass rod; incubation was at 21° C. (69.8° P.) for 5 to 7 days. 
On the surface of the agar Micrococcus colonies could be indentified with 
considerable accuracy. Although some of the micrococci may have survived 
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pasteurization or come from the equipment, air, etc., the colonies on the 
plates probably represented primarily the cultures added to the milk since 
the numbers of micrococci present in the control cheese were regularly 
very low. 

Counts of the micrococci on the fresh curd varied from 100,000 to 
57,000,000 per gram, while counts on the ripened cheese varied from 10,000 
to 17,000,000 per gram. In general, the numbers of micrococci were lower 
at the end of the ripening period than at the beginning, but a few cultures 
gave a definite increase in some of the trials. In instances where counts 
were lower at the end of the ripening period than originally, there may have 
been a conspicuous increase and then a decrease in the numbers. 

The general changes in numbers of micrococci during ripening were 
not related to the development of characteristic eheddar flavor. Cultures 
which had desirable effects on the cheese were lower in numbers at the end 
of the ripening than originally as often as those which gave undesirable 
results. 

Variation in cultures belonging to the same species 

The 34 cultures employed represented as varied a selection as possible of 
micrococci isolated from eheddar cheese. They were grouped by Higdon 
(7) into 23 species of which only 12 could be identified. Cultures which 
were classified as belonging to the same species did not have comparable 
effects on the flavor of cheese, which suggests that if micrococci are em¬ 
ployed in the manufacture of eheddar cheese they should be selected on a 
strain basis rather than a species basis. 

Effect of certain propionic acid bacteria on flavor of cheese 

The effect of propionic acid bacteria was studied with seven cultures, 
four of which came from clieddar cheese and three from Swiss-type cheese. 
The general procedure was the same as with the micrococci. The cultures 
were prepared by inoculating the organism into tomato broth and incubating 
3 days at 30° C. (86° F.) ; 0.05 per cent of culture was added to the cheese 
milk. The data are summarized in table 4. 

Some of the cultures of propionic acid bacteria produced a desirable 
flavor in the cheese throughout the ripening period. Others produced an 
undesirable flavor after 1 month but developed a desirable flavor after 3 
months or produced a desirable flavor after 1 month and then, as the cheese 
ripened, bitterness and other off flavors appeared. 

Two additional series of cheese were manufactured in which very large 
numbers of cultures 1, 2, 3 or 4 were added to the milk. The large numbers 
of these organisms in cheese produced a desirable effect. Even with cultures 
2 or 3, which did not improve the flavor of the cheese when used in small 
numbers (table 4), the large numbers w r ere beneficial. All the cheese made 
with the large numbers of organisms had a very desirable flavor after ripen- 



706 


W. C. HARRIS AND B. W. HAMMER 


mg 3 months. Some of the cheese had a distinct sweet flavor, somewhat 
similar to that characteristic of Swiss cheese, but no eyes developed. 

In Swiss-type cheese the growth of the propionic acid organisms results 
in the formation of propionates which have a desirable effect on the 
flavor (1). Since these organisms under certain conditions improved the 
flavor of cheddar cheese, the effect of calcium propionate on the flavor of 
cheddar cheese was investigated by adding small amounts to cheddar cheese 
being made into process cheese. In general, the effects were desirable. The 

TABLE 4 


General effect of certain propionic acid bacteria on flavor of cheddar cheese from 

pasteurised milk 


Culture 

no. 

No. 

of 

trials 

Results after 

Summary 
of results 

I month 

2 months 

3 months 

No. of 
trials 
better 
than 
control 

No. of 
trials 
poorer 
than 
control 

No. of 
trials 
better 
than 
control 

No. of 
trials 
poorer 
than 
control 

No. of 
trials 
better 
than 
control 

No. of 
trials 
poorer 
than 
control 

No. of 
trials 
better 
than 
control 

No. of 
trials 
poorer 
than 
control 

1 i 

5 

1 

2 

2 

1 

3 

0 

6 

3 

2 

3 

1 

2 

1 

2 

3 

0 

5 

4 

3 

3 

2 

1 

1 

2 

1 

2 

4 

5 

4 

3 

2 

1 

2 

1 

3 

! o 

<y 

i 

! 2 

5 

1 

1 

0 

1 

0 

0 

! i 

o 

1 1 

6 

2 

2 1 

0 

2 

0 

2 

0 

ti 

I 0 

7 

1 

I 

0 

1 1 

0 

0 ! 

1 

o 

w 

' 1 


amounts which were most beneficial varied with the original cheese. With 
the larger amounts used the flavor was too sweet ami suggestive of Swiss- 
type cheese. 

Comparison of numbers of propionic acid bacteria 
at beginning and end of ripening 

Most of the cheese manufactured with addition of propionic acid bacteria 
to the pasteurized milk were examined for the numbers of these organisms 
at the beginning and end of the ripening period. The counts were obtained 
by grinding 1 gram with 2 per cent aqueous sodium citrate and preparing 
shake cultures in sodium lactate agar (2). Colonies showing the usual 
characteristics were counted as propionic acid organisms. 

The counts of propionic acid bacteria on the fresh curd varied from 
1,000,000 to 17,000,000 per gram, while the counts on the ripened cheese 
varied from 100,000 to 9,000,000 per gram. In practically all cases the 
numbers of the organisms were lower at the end of the ripening period than 
at the beginning. 

DISCUSSION OF RESULTS 

The data suggest that certain strains of micrococci may be useful in 
making cheddar cheese from pasteurized milk. These results are in agree- 
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ment with studies of Lane (8) and of Hansen (4), both of whom reported 
that an unidentified Micrococcus improved the flavor of pasteurized milk 
cheese. The products produced by micrococci, as reported by Suzuki et ah 
(10) and by Hart et ah (6), include com pounds which presumably might 
have a desirable effect on the flavor of cheese. 

If a Micrococcus is to be employed in making cheddar cheese from pas¬ 
teurized milk, it should be selected on a strain rather than a species basis 
because of the differences between cultures apparently belonging to the same 
species. Such a selection is used with the propionic acid cultures employed 
in the manufacture of Swiss-type cheese, with the citric acid fermenting 
streptococci and Streptococcus lactis used in developing butter cultures, 
with the molds used in making blue cheeses and in various other fields of 
dairying. 

The results also indicate that certain strains of propionic acid bacteria 
may be useful in making cheddar cheese from pasteurized milk. If such 
an organism is to be employed, careful selection of the strain apparently is 
advisable. Since the organisms normally convert some of the lactic acid to 
propionic and acetic acids and carbon dioxide, propionates undoubtedly are 
formed in the cheese, some of which have a sweet flavor. Propionates are 
largely responsible for the sweet flavor of Swiss-tvpe cheese and in small 
amounts they may be desirable in cheddar cheese; in this connection the 
results obtained when calcium propionate was added to cheddar cheese being 
made into process cheese are suggestive. 

It appears that the flavor of cheddar cheese can be influenced by a 
variety of bacteria, including various streptococci, Lactobacilli, micrococci, 
propionic acid bacteria and probably other types. This general relationship 
suggests that a desirable flavor in cheddar cheese may not always be brought 
about through the action of the same combination of organisms but rather 
that one combination may be responsible in one lot of cheese and another 
combination in another lot. The great variation in flavor of cheddar cheese 
of good quality is in agreement with such a relationship. 

Because of the public health angle and the wide application of pasteuriza¬ 
tion in the dairy industry, the manufacture of cheddar cheese from pasteur¬ 
ized milk will probably be extended. The general results indicate that there 
may be a distinct advantage in inoculating the heated milk with organisms 
other than the usual cheese cultures. The cheese cultures alone do not 
establish conditions which result in a ripening comparable to the ripening 
of good raw milk cheese. It may be necessary to use a combination of 
organisms if the pasteurized milk cheese is to be of a quality comparable 
to that of the best raw milk cheese. There remains the possibility that addi¬ 
tion of one or more enzymes to the milk will be more practical than use of 
a combination of bacteria. 



708 


W. C. HARRIS AND B. W. HAMMER 


SUMMARY 

1. Thirty-four Micrococcus cultures, originally isolated from eheddar 
cheese, had the following effects on the flavor when inoculated into pasteur¬ 
ized milk made into eheddar cheese*. Seven had undesirable effects, pro¬ 
ducing bitter and unnatural flavors; fourteen had no definite effects; 
thirteen had desirable effects. 

2. Strains of micrococci apparently belonging to the same species dif¬ 
fered in their effects on the flavor. 

3. When used in relatively small numbers, certain strains of propionic 
acid bacteria improved the flavor of pasteurized milk eheddar cheese, while 
others had no definite effects; when used in large numbers all the strains 
improved the flavor, and some of them produced a distinct sweet flavor 
somewhat resembling that of Swiss cheese. 

4. The results suggest the possibility of improving the flavor of pasteur¬ 
ized milk eheddar cheese by the addition to the milk of various organisms 
other than the usual cheese cultures. 
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“ Nicking’’ has been the subject of considerable discussion among breed¬ 
ers for many years. Generally speaking, this term is applied to those cases 
where the progeny from certain matings appear superior to those from 
other matings of the same animal or families. Webster defines nicking as 
follows: “In stock breeding, to combine well.*' 

Breeders are constantly seeking to improve both type and production. 
In doing so they try different outcross matings, linebred matings, and 
inbred matings, hoping to purify or intensify desirable qualities. When 
one of these types of matings appears superior to the others it is said to 
“nick.” 

This factor of superior progeny has been noticed in other types of live¬ 
stock. In Herefords it is a recognized fact that when Anxiety IV was 
mated to daughters of North Pole, the resulting progeny were much 
superior to those of other matings. In Standard Bred horses the crossing 
of the descendants of Peter the Great, with those of Ax worthy has given 
such superior, uniform progeny that it is known as the Golden Cross. 

Ilervey and Ileizer (1) have shown in comparing daughter-dam groups 
of the various matings of three Guernsey sires that certain crosses resulted 
in significant differences in production. They attribute these differences 
to nicking. Fohrman and Graves (2) made a study of the daughters of 
51 Ayrshire sires. In one ease they found that the daughters of Sire 36 
out of dams by Sire 11 averaged higher in production than did those 
daughters of Sire 36 out of darns by miscellaneous sires. In direct contrast 
to this an editorial in Hoard’s Dairyman (3), in discussing nicking, states 
that the Pennsylvania State College has records of 100 proved bulls in 
which it finds that those proved to be prepotent in one herd were prepotent 
in other herds and vice versa. These conflicting opinions raise the ques¬ 
tion : “Will a bull proved to transmit, high producing capacity in one herd 
be equally successful in another herd where a different family blood line 
exists ? 97 

SOURCE OF DATA AND TREATMENT 

In an attempt to throw more light on this problem a study was made 
in cooperation with the American Jersey Cattle Club. Register of Merit 

Received for publication December 30, 1939. 
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records were studied to see if there might be a difference in the production- 
capacity of various matings. Jersey bulls having the largest number of 
tested progeny out of tested dams were selected for analysis. It was 
preferable that each bull have two or more groups of daughters, each 
group being out of dams by one sire. It was necessary for the bull to 
have at least six tested daughters out of dams by one sire for each group. 
These requirements greatly reduced the number of bulls available for study. 

Two types of comparative study were made. In the first, the groupings 
consisted of tested daughters out of tested dams. In the second, the group¬ 
ings consisted of tested daughters only because there were not enough 
tested dams available. As previously stated, in grouping the animals the 
data include not less than six daughter-dam pairs, or six daughters in a 
group. 

This was the smallest number that it was felt advisable to use. Davidson 

(4) has concluded that the average production and variability of the first 
fifteen daughters of a sire is representative of any larger number of tested 
daughters and furthermore, that on the average, six is the smallest number 
of first tested daughters whose average production closely approximates 
that of the first fifteen. His correlation of .91 between the first six and 
the first fifteen must be discounted somewhat however, since the first 
fifteen also include the first six, which would make a partial correlating 
of a thing with itself. 

Any number of less than six daughters by this method of grouping 
was placed in the miscellaneous classification. If a cow had more than 
one daughter in a group her records were repeated as many times as she 
had daughters in that group. 

All records were converted to a three time a day, 365 day, mature basis. 
Conversion factors were those used by the American Jersey Cattle Club 

(5) . All records of less than 270 days were discarded as being abnormal. 
Butterfat alone was used in making these comparisons. Graves (6). 
Roberts (7), and Wilson (8), have concluded that milk and butterfat 
percentage are inherited separately with total butterfat the result of the 
product of these two. Thus, total butterfat would be the best single 
criterion to use in making these comparisons. 

RESULTS 

In tables 1, 2, and 4, the mean or average production of each of the 
groups is listed together with its probable error (P.E.) and is followed by 
the mean or average deviation. 

Table 1 presents a summary of seventeen sires where daughter-dam 
comparisons were available. In examining this table it will be noticed that 
in most of the cases there are no apparent significant differences. 

Sophie 19th’s Victor seemed constant for a certain level of production 
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TABLE 1 


Daughter-dam comparisons hy sire groups 




Mean and probable error 

Mean deviation 



Dams 

Daughters 

Dams 

| Daughters 

A 

• Sophie 19tli’s Victor 171801 



All Hires . 

52 

725 ±10 

700 + 8 

303 

86 

Pogis 99th of Hood Farm 

15 

746 ± 15 

692 + 12 

88 

67 

Sophie 19th’s Tormentor .. 

10 

687 + 13 

708 ± 22 

63 

103 

Miscellaneous . 

27 

728 ±16 

702 ± 12 

122 

90 

B. 

Volunteer’s Dreaming Sam 2(51043 



All sires . 

27 

576 + 8 

584+ 9 

61 

71 

Bowlina’s Sultan. 

7 

594 + 10 

596 + 22 

40 

88 

Miscellaneous. 

20 

569 ± 10 

580 + 10 

65 

65 

C 

\ Thistle’ 

s Fairy Boy . 

’68501 



All sires . 

40 

515 4 8 

465 + 5 

72 

48 

Sally’s Fairy Boy 

21 

550 + 11 

474+ 7 

76 

48 

Roberta’s Golden Tycoon 

11 

459 ± 6 

448+ 8 

29 

39 

Miscellaneous . . 

8 

498 ±16 

466 +14 

67 

58 

r>. 

Fauvic Maid’s You ’ll Do 225601 



AH sires . 

36 

632+ 8 

656 ± 7 

72 

60 

Lotus Gold Medal 

11 

623 + 10 

659 + 12 

48 

59 

Sprite's Baron 

10 

674 + 17 

693 ± 13 

80 

63 

Miscellaneous 

15 

610 ±12 

630+ 8 

69 

44 


E. Sybil’ 

* Successor 27 

>8883 



All sires.1 

37 

507 + 10 

600 + 13 

89 

114 

Sybil’s Gamboge. 

10 

558 +16 

624 + 25 

77 

117 

Miscellaneous 

27 

609 + 12 

591 + 15 

91 | 

i 112_ 


F. Benedictine Ruler 2 j 

15113 



All sires . ; 

37 

625 ±10 

585+ 9 

94 

84 

Jolly '& Cowslip of P. H. 

O') 

656 + 15 

000+ 13 

108 

91 

Miscellaneous 

14 

575 ±11 

561 +12 

61 

67 

G. 1 

Spermfield Owl's Progress 163331 



All sires . 

77 

709+ 5 

686 ± 5 

68 

63 

Sibley’s Choice. 

14 

700 + 11 

689 + 10 

61 

57 

Sibley’s Interested Prince , 

9 

711+4 

679+ 8 

18 

34 

Sibley’s Interested Owl 

o 

721 ±22 

704 + 19 

81 

68 

Sue B ’s Omega Choice . 


598+ 0 

715 + 21 


78 

Miscellaneous . 

42 

725+ 7 

679 ± 7 

70 

68 

H. 

Cedarine Golden Sultar 

1253221 



All sires . 

24 

529+ 9 

541 + 6 

66 

49 

You'D Do's Volunteer. 

12 

501 +16 

570+ 8 

83 

42 

Imp, Nobly Born. 

6 

526 + 12 

545 ± 9 

44 

32 

Miscellaneous .*. 

6 

587 ±11 

477 + 18 

40 

65 

I. Combination’s Pretty Lad 205788 

All sires . 

66 

536 ± 7 

506 ± 6 

87 

74 

Fairy Glen 's Raleigh of S. V. 

20 

517 + 10 

470 ± 8 

66 

55 

Topsy 's Sensational Lad. 

10 

601 ± 21 

551 ± 13 

107 

59 

Miscellaneous . 

36 

528 ± 9 

514+ 9 

79 

80 
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TABLE 1.—( Continued ) 


Sire of dams 

Pairs 

Mean and probable error 

Mean deviation 

Dams 

Daughters 

Dams 

Daughters 

J. Design’s Mighty Sovereign 336549 

All sires . 

18 

664 + 8 

640 ± 9 

47 

54 

Fauvic Maid’s You’ll Do 

10 

636 ± 8 

639 ±13 

39 

62 

Miscellaneous 

8 

698 ± 8 

641 + 11 

33 

45 


K. Owl-Interest Mercury 217413 


All sires . 

24 

583 ± 10 

577 ±12 

72 

88 

Raleigh’s LaRilla Lad 

6 

604 ± 29 

668 + 19 

107 

68 

Sultana’8 Virginia Lad 

6 

571 ± 14 

554 ± 20 

52 

71 

Miscellaneous . 

12 

578 ±12 

542 ± 26 

64 

91 


L. St. Maw'es Lad 130501 


All sires . 

22 

756 ± 14 

813 ±19 

98 

129 

Rinda Lad of S. B.. 

7 

754 ± 21 

887 ±30 

82 

116 

Miscellaneous . 

15 

757 ± 18 

779 ±21 

105 

119 


M. Rosaire’s Olga Lad 87498 


All sires . 

46 

691 ± 8 

682 ± 10 

84 1 

101 

St. Mawes . 

31 

689 + 11 

692 ± 12 

90 

103 

Miscellaneous . 

15 

693 ±12 { 

661 + 17 

70 

100 


N. Silver Chimos of S. B. 96021 


All sires . 

37 

642 ± 8 

664 ±11 

72 

92 

Rosaire’s Olga Lad . 

14 

678 ± 7 

719 + 19 

40 

103 

Sampson Exile. 

15 

624 +13 

620 + 13 

73 

73 

Miscellaneous . 

8 

615 ± 18 

652 ± 21 

77 

90 


O. Rinda Lad of S. B. 89518 


All sires . 

Golden Fern’s Noble Jr.. 

Mistletoe Pogis . 

35 

7 

11 

17 

614 ± 6 
64.1 + 23 
596 ± 9 
614 + 6 

722 +12 1 
744 ±27 ! 

684 + 23 : 

738 + 11 j 

49 

90 

44 

1 37 

102 

106 

113 

68 

Miscellaneous . 

1 

■\ Poppy’s St. Mawes 115434 



All sires . 1 

25 | 

| 728 ±10 

652 ± 12 

73 

92 

Rosaire’s Olga Lad . 

16 1 

745± 9 1 

620 + 16 

56 

96 

Miscellaneous . 

9 

j 699 + 21 1 

708 + 17 

94 

76 

Q- 

You’ll Do Raleigh Oxford 169586 



All sires . 

36 

675± 9 | 

704 ±11 

81 ! 

97 

LeCros . 

23 

657 ±10 ! 

705 ±14 ! 

71 

98 

Golden Fern’s Pathfinder .... 

7 

772 + 2 

732 ± 36 

9 

143 

Miscellaneous . 

6 

631 ± 20 

665+ 8 

73 

28 


regardless of the production of the dams to which he was mated. Sophie 
19th’s Victor, Sophie 19th ’s Tormentor, and Pogis 99th of Hood Farm 
are all maternal brothers, being sons of Sophie 19th of Hood Farm. The 
daughters of Sybil’s Successor appeared to average higher when he was 
mated to paternal sisters of his sire, Sybil’s Gamboge 3d. However, in 
the miscellaneous group six of his daughters out of his own paternal sisters 
(by Sybil’s Gamboge 3d) and out of dams by Imp. Sybil’s Gamboge 4th 
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(a full brother to Sybil’s Gamboge 3d) averaged only 474 pounds. This 
indicated that close inbreeding did not seem desirable. 

Where Spermfield Owl’s Progress was mated to dams by Sue B’s Omega 
Choice all six daughters were out of one dam who had one lower than 
average record. This probably accounts for the wide difference in this 
group. Cedarine Golden Sultan showed a large decrease in the miscel¬ 
laneous group. On closer examination of this group it was found that one 
daughter out of a half sister to Sultan produced only 382 pounds of, 
butterfat in one lactation while her dam averaged 695 pounds for five 
lactations. Another daughter had a short time record of 378 pounds in 
283 days. The remaining four daughters produced about the same as those 
in the other groups. 

The matings of Owl-Interest Mercury and St. Mawes Lad indicate that 
a nicking factor might be present as do those of Rosaire’s Olga Lad. In 
the miscellaneous group, of the matings of Rosaire’s Olga Lad, three inbred 
daughters averaged only 513 pounds while the remaining twelve averaged 
698 pounds indicating that inbreeding was not favorable. Silver Chimes 
of S. B. showed a decided difference in the matings to dams by Rosaire’s 
Olga Lad and Sampson Exile. The daughters of Poppy’s St. Mawes out 
of his paternal sisters showed a decrease as compared to matings to 
daughters of non-related sires. 

Four of the bulls presented in table 1 indicate that the differences of 
the production of their daughters by various matings may be accounted 
for by a nicking factor. A more detailed analysis of these bulls, namely, 
Owl-Iuterest Mercury, St. Mawes Lad, Silver Chimes of S. B., and Poppy’s 
St. Mawes, is presented in table 2. Further grouping is made by listing 
the maternal grandsire of the dams of the daughters in each sire group 
and also the immediate sire in the miscellaneous group. 

The sub-grouping of the daughters of Owl-Interest Mercury shows that 
in the miscellaneous group those out of dams by Manora’s Fairy Lad 
increased in production slightly over their dams. Manora’s Fairy Lad is 
of similar breeding to Raleigh’s LaRilla Lad. 

Where St. Mawes Lad was mated to granddaughters of Rinda Lad his 
daughters averaged nearly as high as where he was mated to daughters 
of Rinda Lad, although there was a slight decrease from the production of 
their dams. Further analysis of the data shows that these four dams are 
out of cows that averaged only 688 pounds of fat. This increase of 190 
pounds (878 minus 688) is even greater than the 333 pound increase where 
St. Mawes Lad was mated to dams by Rinda Lad. These figures indicate 
that instead of a nicking factor being present it might be that the daughters 
of Rinda Lad were transmitting higher production to their daughters than 
can be justified by their own records and regardless of the sires to which 
they were mated. 
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TABLE 2 


Detailed study of matings of four bulls with indications of nicking 



Dams 

Daughters 

Mean deviation 

| No. 

i 

Mean and 
probable 
error 

No. 

Mean and 
probable 
error 

Dams 

Daugh¬ 

ters 

Owl-Interest Mercury 

Raleigh’s LaRilla Lad . 

4 

604 + 20 

6 

668 ± 19 

107 

68 

Sultana’s Virginia Lad.... 

3 

557 ±30 i 

4 

671 ± 20 

89 

1 58 

Daisy’s Prince of St. L.... 

1 

699 .. . 

2 

662 ± 18 


37 

Sultana’s Virginia Lad. 

3 

571 ±14 | 

6 

554 ± 20 

53 

71 

Bessie Bates Lad. 

2 

519 + 6 , 

3 

613 ± 25 

15 

63 

Daisy ’a Prince of St. L. ... 

1 

623 . 

3 

494 + 8 

: • • 

21 

Miscellaneous . 

10 

578 + 12 

12 

542 ± 26 

64 

91 

Manora’s Fairy Lad. 

3 

| 558+1 

5 

573 ± 21 

4 

! 70 

Remainder. 

7 

| 593 +23 

7 

520 + 27 

89 

106 


8t. Mawes Lad 


Rinda Lad of S. B. 

6 

754 + 21 

7 

887 + 30 

82 1 

.116 

Miscellaneous . 

12 

757 + 18 

15 

779 + 21 

105 

119 

Golden Fern’s Noble Jr.... 

2 

854+ 17 

4 

907 ±28 

50 j 

83 

George St. Mawes .. 

1 

862 . 

1 1 

608 . 



8t. Mawes Lad. 

1 

990 

1 I 

960 



Rinda Lad of S. B. 

4 

878 + 15 

6 | 

, 866 + 31 

55 j 

111 

Remainder. 

8 

677 + 15 

9 1 

720 ± 18 

I i 

78 


Silver Chimes of S. B. 


Bosaire’s Olga Lad. 

6 

678+ 7 

14 

719 + 19 

40 

303 

Sampson Exile . 

3 

694+ 3 

10 

719 ±22 

14 

U)2 

Alphena’s Chief. 

2 

583 + 12 

3 

767 ± 37 

30 

95 

King Koffee’s Count .. 

1 

581 . ... 

1 

798 .. 



Sampson Exile . 

7 

624 + 13 

15 

620 +13 

73 

73 

King Koffee’s Count. 

5 

648 + 23 

.12 

625 + 15 

69 

i t 

Sampson Exile . 

1 

476 

2 

597 . 


92 

Alphena’s Chief . 

1 

636 . 

1 

607 . ! 



Miscellaneous . 

5 

615 + 18 

8 

652 + 21 

77 i 

90 

King Koffee’s Count. 

o 

547 + 9 

4 

582 + 22 

28 ; 

64 

Alphena’s Chief. 

1 

668 . 

o 

803 “. 


70 

Silver Chimes of S. B. 






; 

: 

Rosaire’s Olga Lad. 

1 

819 . 

1 

630 .... 



Sampson Exile . 

1 

579 .... 

1 

652 ... 




Poppy’s St, Mawes 


Rosaire’s Olga Lad . 

10 

745+ 9 

16 

620 ± 16 

56 

96 

St. Mawes . 

10 

745 ± 9 

16 

* 620 ±16 

56 

96 

Miscellaneous .. 

9 

699 ± 21 

9 

708 ±17 ! 

94 

76 

St. Mawes . 

4 

693 ± 37 

4 

658 ± 12 

111 

37 

Remainder. 

5 

704 ± 24 

5 

748 ± 27 

79 

89 


The data in table 2 did not make any appreciable change from that 
found in table 1 on the daughters of Silver Chimes of S. B. out of dams 
by Rosaire’s Olga Lad and Sampson Exile. The 99 rfc 23 pound difference 
between these two daughter groups is the most extreme of any of the cases 
presented. It is the only one greater than four times its probable error 
which would make it have statistical significance according to Holzinger 
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(9). This is the best example of nicking that this study was able to show. 

Inbreeding did not seem favorable for Poppy ’s St. Mawes. In the mis¬ 
cellaneous group his maternally inbred daughters (St. Mawes is his ma¬ 
ternal grandsire) showed a decrease when compared to the daughters out 
of dams by non-related sires. 

The possible influence of relationship matings is presented in table 3. 


TABLE 3 

Tfouffhtrr-dam comparison of type of mating for Poppy's St. Mawes llo4S4 



Kangoof 
inbreeding 

(F»> 

No. of 
pairs 

A vc. 
prod, of 
dams 

A ve. 
prod, of 
daughters 

Increase or 
decrease 

Own dam 

.2500 

1 

9.10 

079 

- 231 

Paternal sisters 1 

.1356 

to 

.1875 

10 

745 

020 

- 125 

! 

Maternal sisters 

.0(125 

to 

.1250 

; ^ 

i 

621 

051 

4 30 

Outeross 

j .0000 

5 

1 704 

748 j 

-t. 44 


Wright's coefficient of inbreeding (10) was used to show the range of 
inbreeding. 

In addition to the sires already presented several were studied where 
only daughter averages could be compared. Six of the more typical cases 
are presented in table 4. This phase may be of importance in a nicking 
study because all of the tested daughters of the sire are included. The 
production of the daughters of a bull are often used as a comparison when 
nicking is discussed and one might be justified in calling matings resulting 
in a higher averaging group, a case of nicking, since the production of the 
dams are unknown. However, the influence of the dams may be an im¬ 
portant factor as already lias been shown and for this reason too much 
significance should not be attached to the data in table 4. 

Pogis 99th of Hood Farm seemed to mate more favorably with dams by 
Hood Farm Torono than he did with own paternal half sisters. Sophie 
19th ’s Tormentor, a maternal half brother to Pogis 99tli of Hood Farm 
appeared to mate most favorably with dams by Pogis 99th and his sire. 
Hood Farm Pogis 9th. The data on Sybil’s Successor show that matings 
to dams by his sire Sybil’s Gamboge 3d and to those by the full brother 
to Gamboge 3d, Imp. Sybil’s Gamboge 4tli, were not favorable but that 
matings to dams by his paternal grandsire, Sybil’s Gamboge did seem 
favorable. 

You’ll Do’s Volunteer and Masterman of Oak lands are both grandsons 
of Imp. Golden Fern’s Noble. The linebred matings in this ease appear 
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TABLE 4 


Sires with daughter average comparisons 




Daughters 

Sire of dams 

Number 

Mean and 
probable 
error 

Mean 

deviation 


Pogis 99th of Hood Farm 94502 


All sires. 

119 

684 ± 5 

87 

Hood Farm Torono . 

48 

703 ± 9 

90 

Hood Farm Pogis 9th . 

17 

672 ±14 

86 

Hood Farm Torono 20th. 

14 

669 ± 10 

54 

Miscellaneous . 

40 

672 ± 10 

89 

Sophie 19th’s 

Tormentor 113302 


All sires . 

101 

632 + 6 

83 

Pogis 99th of Hood Farm. 

24 

673 +10 

71 

Hood Farm Torono . 

10 

624 + 20 

93 

Hood Farm Pogis 9th . 

6 

690 + 9 

32 

Miscellaneous . i 

61 

612 ± 7 

79 

Combination’s 

Pretty Lad 205788 


All sires . 

86 

505 ± 5 

67 

Fairy Glen’s Raleigh of S. V. . 

23 

469 ± 7 

53 

Topsy’s Sensational Lad 

12 

547 ±10 

53 

Westgate’s Royal Majesty . 

Brenda’s Noble Prince . 

7 

548 ±17 

67 

. 6 

488 + 11 

41 

Miscellaneous . 

38 

509 + 8 

76 


Sybil ’s Successor 258883 


All sires . 

87 

600 + 7 

95 

Sybil’s Gamboge . 

11 

614 ±24 

117 

Sybil’s Gamboge 3d. 

8 

550 ± 27 

113 

Sybil’s Gamboge 4th.* 

7 

553 + 20 

78 

Miscellaneous . 

61 

610 ± 8 

87 * 


You ’ll Bo’s Volunteer 238112 


All sires . 

77 

547 + 5 

70 

Xenia’s Sultan . 

20 

545 + 11 

73 

Masterman of Oaklands . 

8 

599 +14 

58 

Miscellaneous . 

49 

539+ 6 

66 


Sophie’s Agnes ’ Laddie 179327 


All sires. 

62 

640 ± 9 

107 

Sophie 19th’s Tormentor . 

11 

651 ± 19 

94 

Royal Majesty of St. Cloud. 

9 

666 +19 

85 

Sophie 19th’s Victor. 

6 

720 ± 32 

117 

Miscellaneous .. 

36 

616 ±12 

108 


more favorable than the matings to daughters of Xenia’s Sultan, a non- 
related bull. Inbreeding also seemed more favorable in the case of Sophie’B 
Agnes’ Laddie. Sophie 19th’s Victor is both a maternal brother to the 
sire of Sophie’s Agnes’ Laddie and a grandson of this same bull, namely, 
Sophie 19th’s Tormentor. ,v 
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SUMMARY AND CONCLUSIONS 

In summarizing the results of this study of nicking it seems logical that 
there are several points to consider before one can make definite conclu¬ 
sions whether nicking does or does not exist among Jersey cattle. In the 
first place the fact that a bull has been bred to the daughters of two or 
three different bulls with no evidence of nicking does not necessarily mean 
that if this same bull is bred to the daughters of still another bull, nicking 
would not appear. In the second place, an apparent case of nicking may 
be caused by a group of dams that are transmitting higher production to 
their daughters than their own records would show. The matings of St. 
Mawes Lad indicated that the transmitting ability of the dam may be an 
important factor that could be overlooked in a study of this nature. 

The fact that a bull may not nick as well with the daughters of one 
bull as be will with the daughters of another bull does not mean that this 
bull is a failure in the less favorable mating. This can be pointed out in 
the matings of Rimla Lad of 8. B. When Rinda Lad was mated to dams 
by Golden Fern’s Noble Jr. the dams averaged 641 pounds'of butterfat 
and their daughters averaged 744 pounds. The dams by Mistletoe Pogis 
averaged 596 pounds and their daughters averaged 684 pounds. The 
mating to dams by Mistletoe Pogis did not nick as well as the mating to 
dams by Golden Fern’s Noble Jr., but the mating to dams by Mistletoe 
Pogis would certainly not be called a failure. 

Since close inbreeding is not a recommended practice a comparison of 
inbred matings to that of outvross matings is questionable for use in a study 
of nicking. This study has shown that inbreeding may result in increased 
production or it may result in a decrease when compared to other matings. 

Environment is a factor of great importance that could not be consid¬ 
ered. It could easily account for the difference in production in many of 
the cases. Then, too, when comparing six daughter-dam pairs to a much 
larger number in another group the difference may be due to a lack of 
sufficient data. In most cases the smaller number might be representative 
for the group but it would not necessarily be true in all cases. 

While this study has not shown nicking to be a prevailing factor among 
Jersey cattle it does not justify the conclusion that nicking does not exist 
among Jerseys. The matings of one bull did show a pronounced difference 
that would be called nicking. While nicking may exist it seems quite 
logical that it has been used far too much as a convenient term to explain 
differences in production of the daughters of a bull that may be due to 
other causes. More daughter-dam production comparisons under similar 
environment are necessary to make possible a more thorough study of this 
subject. 
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THE ADSORPTION OP THE VITAMIN A SUPPRESSING FACTOR 
FROM SOYBEAN OIL 1 

8. M. HAUGE, J. H. HILTON A XI) J. W. WILBUR 

Departments of Agricultural Chemistry and Dairy Husbandry, Purdue University 
Agricultural Experiment. Station, Lafayette, Indiana 

In previous publications (1, 2, 3, 4) it has been shown that soybeans, when 
fed to dairy cows, interfere with the transference of the vitamin A potency 
of the ration to the milk fat secreted by the cows. It has been found that 
the factor responsible for this action is thermo-stable; that it is distributed 
in both the soybean oil and the soybean oil meal yirodueed by either the 
expeller or solvent processes; that prolonged extraction of the soybeans first 
with ethyl ether and then with ethanol failed to completely remove this 
factor; and, that this suppressing action is not due to the oil itself but rather 
to some other factor in the beans or the soybean oil. 

Although much of the vitamin A suppressing factor is held by the soy¬ 
bean oil meal with such tenacily as to withstand prolonged extraction with 
fat solvents, a considerable portion is found in soybean oil. Since the oil-free 
meal still possesses a suppressing action, it became apparent that, this effect 
is not due to the oil but to some substance which is partially retained by the 
oil meal and partially dispersed in the oil. Therefore, it seemed logical to 
assume that this substance which is dispersed in the oil might be removed 
from the oil by suitable absorbents. 

EX PERI MENTAL 

The crude soybean oil used in those experiments was produced in a com¬ 
mercial soybean plant by the expeller process. In attempting to remove the 
vitamin A suppressing factor, two portions of this oil were treated with two 
different types of adsorbents. 

As the first type of adsorbent, an activated carbon (“Nuchar”) was 
selected. The crude soybean oil was heated to 140° C., treated with 60 grams 
of Nuchar per liter of oil, stirred and filtered. 

For the second type of adsorbent, a synthetic sodium aluminum silicate, 
which has been developed by Kray bill, Brewer and Thornton, was used (5). 
They had found that this adsorbent possessed unusual properties for adsorb¬ 
ing phosphatides and associated compounds. Since the treatment of soy¬ 
bean oil with this adsorbent produces a clear and highly refined oil, the pos¬ 
sibility existed that this refining process might also remove the vitamin A 
suppressing factor. A quantity of treated oil, which had been prepared by 
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passing the crude soybean oil through a column of this adsorbent, was 
secured from Dr. Thornton. 

In order to test the vitamin A suppressing effect of these oils, they were 
incorporated in the rations of a dairy cow and the effect upon the vitamin A 
potency of the butterfat secreted was determined. The cow received arti¬ 
ficially dried alfalfa hay, corn silage and a grain mixture of the following 
composition: 4 parts, ground white corn, 2 parts ground oats, and 1 part lin¬ 
seed oil meal. The alfalfa hay, which was the principle source of the vitamin 
A (carotene) in the ration, was of excellent quality and was fed at uniform 
levels throughout the feeding trials. During the successive feeding periods, 
the grain mixture was modified by the addition of 10 per cent of the various 
oils to be tested. In addition to the three samples of soybean oil, cottonseed 
oil was used in the last feeding period to determine whether or not the vita¬ 
min A suppressing factor might also be present in this oil. The composition 
of the rations and the feeding schedule is given in table 1. 


TABLE 1 

Showing the vitamin A activity and carotene content of the butters produced by the cow 
on rations containing the different oils 


Test period 

Materials tested* 

Butter 

Vitamin A 

Carotene 

No. 

Days 

Units 
per gram 

Micrograms 
per gram 

2 

11 

(Check) 

as 

7.3 

2 

11 

Crude soybean oil 

10 

7.0 

3 

11 

Soybean oil treated with special 





synthetic adsorbent 

19 

7.0 

4 

11 

Soybean oil treated vrith Nuehar 

31 

7.7 

i) 

11 

Cottonseed oil 

30 

7.0 


* The basal ration consisted of artificially dried alfalfa hay as a source of vitamin A 
and a grain mixture consisting of 4 parts white corn, 2 parts oats and 1 part linseed oil 
meal. 


Since earlier experiments (6) had demonstrated that the major effect of 
a ration upon the vitamin A content of milk takes place in the first ten or 
eleven days, eleven-day feeding periods were used in these tests. The milk 
during the last three milkings of each feeding period was collected, the 
cream separated, and churned into butter. The vitamin A potencies of these 
butters were determined by biological assay, using the technique previously 
described (1). Carotene determinations were also made upon these samples. 
Using the method of Schertz (7), with certain modifications (6), the samples 
were analyzed in a Bausch and Lomb spectrophotometer. The results of 
these experiments are given in table 1. 

From the results of these experiments it can be seen that the butter made 
from the milk secreted by the cow fed the check ration (Period 1) possessed 
a high vitamin A value. This indicated that the potential vitamin A (earo- 
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tene) values of these rations were sufficiently high to insure the production 
of very potent butter. The lower vitamin A of the butter secured when 
crude soybean oil was added to the grain ration (Period 2), demonstrated 
the presence of the vitamin A suppressing factor in the crude soybean oil 
used in these experiments. 

The low vitamin A potency of the butter secured in Period 3 indicates 
that the synthetic adsorbent did not adsorb this factor to any appreciable 
extent. When the cow was fed the oil treated with Nuchar (Period 4), the 
vitamin A potency of the milk returned to approximately the same value as 
that of the check ration, indicating that this adsorbent was effective in re¬ 
moving this factor. The comparative test with cottonseed oil indicates that 
this suppressing factor is not present in this oil in significant amounts. 

Since a specially treated soybean oil did not suppress the vitamin A 
value of the butter when fed to the cow, this substantiates our earlier state¬ 
ment that the vitamin A suppressing action of soybean oil is not due to the 
oil itself but to some substance dispersed in it. 

It is to be noted from the data given in table 1 that the carotene values 
for the different butter samples are rather uniform regardless of the vitamin 
A potencies of the butters. This seems to indicate that the suppressing 
factor interferes with the secretion of vitamin A per so in milk rather than 
the carotene. This peculiar effect has been observed repeatedly in earlier 
experiments. Furthermore, it has been observed that the carotene values as 
well as the vitamin A values may be lowered by additions of large amounts 
of either soybean oil or soybeans to the ration. 

Although the Nuchar appeared to adsorb the active principle from the 
soybean oil, these experiments did not preclude the possibility that the 
factor might have been inactivated by the carbon rather than adsorbed. To 
test this possibility further tests were made upon the carbon. If the factor 
was adsorbed on the carbon, it should be highly concentrated upon the car¬ 
bon and possibly might be removed by proper solvents. The removal of the 
active principle was attempted by extraction with acetone. The extract, 
after the removal of the acetone, contained much of the adsorbed oil, some 
sterol glucosides, coloring matter and other substances. The extracted car¬ 
bon was dried and feeding tests made with both the extracted carbon and 
the extract as outlined in table 2. 

Two Guernsey cows were given the check ration during the first period. 
In the second period, one cow received the extracted adsorbent and the other 
the extract in daily amounts equivalent to that used in the treatment of 0.8 
lb. of oil. From the assays of the butter produced at the end of each feeding 
period, it is evident that the vitamin A suppressing factor was associated 
with the extracted carbon and that the extraction with acetone failed to 
remove any appreciable amount of this factor. 

In order to eliminate the possibility of this suppressing effect being due 
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TABLE 2 


Giving the vitamin A activity and carotene content of butters produced by the cows on 
rations containing the adsorbent residue and extract from the residue 


Test period 

Cow 

No. 

Materials tested* 

Butter 

Vitamin A 

Carotene 

No. 

Days 

Units 
per gram 

Micrograms 
per gram 

1 

i 21 

535 

1 (Check) 

32 

1 5.8 

1 

' 21 

521 

| (Check) 

33 

5.7 

2 

21 

535 

Adsorbent residue 

15 

5.8 

2 

21 | 

521 

Extract from adsorbent 

34 ! 

5.8 


* Tho basal ration consisted of artificially dried alfalfa hay as a source of vitamin A 
and a grain mixture consisting of 4 parts white corn, 2 parts oats and 1 part linseed oil 
meal. 


to the carbon itself and not to an active principle adsorbed n pon it, feeding 
tests were made with the addition of the original Nuchar to the ration of 
two Ayrshire cows. The results of this experiment are given in table 3. 
Since it was found that the addition of Nuchar to the ration of the cows was 
without effect upon the vitamin A value of the butter produced, it must be 
concluded that the treated carbon in the previous experiment held the active 
principle. Furthermore, it must be concluded that in the treatment of soy¬ 
bean oil with Nuchar the action of carbon is due to adsorption rather than 
to inactivation of the vitamin A suppressing factor. 

TABLE 3 


Showing the vitamin A activity and carotene content of the butters produced by the cows 
on check rations and on a ration containing Nuchar 


Test period 



Butter 

Cow 

No. 

Materials tested* 

Vitamin A 

Carotene 

No. 

Days 


Units 
per gram 

Micrograms 
per gram 

1 

21 

159 

166 

(Check) 

32 

4.3 

2 

21 

159 

166 

Nuchar 

33 

! 4.3 

; 

3 

| 21 

! 

159 

166 

(Check) 

33 

4,2 


* The basal ration consisted of artificially dried alfalfa bay as a source of vitamin A 
and a grain mixture consisting of 4 parts white corn, 2 parts oats and 1 part linseed oil 
meal. 


SUMMARY 

1. Crude soybean oil was treated with two different adsorbents in an 
attempt to remove the vitamin A suppressing factor which interferes with 
the transference of the vitamin A activity of feed to the butterfat secreted 
by dairy cows. 
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2. It was found that Nuchar removed the factor from the oil while the 
special sodium aluminum silicate adsorbent was without effect. 

3. The action of the Nuchar was proven to be that of adsorption rather 
than inactivation. 

4. Acetone did not elute the active principle adsorbed on Nuchar al¬ 
though acetone did extract oil, sterol glucosides, coloring matter and other 
substances. 
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VARIATION IN THE OXIDATION-REDUCTION POTENTIAL AS A 
CAUSE FOR THE OXIDIZED FLAVOR IN MILK 

GEORGE K. GREENBANK 

Division of Dairy Research Laboratories, Bureau of Dairy Industry, 

V. S. D. A., Washington, D. C. 

INTRODUCTION 

Milk is consumed because of its nutritive value and its sweet and whole¬ 
some flavor. Any abnormal flavor affects its consumption and hence is an 
important economic problem. 

The “oxidized” flavor which will be considered in this paper has been 
known by a number of terms. Those most commonly used have been “oxi¬ 
dized," “cappy." “cardboard," and “oily." The terms “cardboard" and 
“cappy" were used because early workers thought that the milk bottle cap 
was the source of the flavor, while the other terms were used to characterize 
a result which workers associated with the oxidation of fats. 

The origin of the flavor concerned is not known, but its development 
seems to be associated with an oxidation phenomenon. Though the term 
“oxidized" has been used it has no definite meaning, but will be used here 
to denote the off flavor which develops in some milks, with or without metal¬ 
lic contamination, when they are held at K)° 0., or below, in an atmosphere 
containing approximately 2| per cent of oxygen. 

The presence of this flavor has caused concern in Central Europe for a 
number of years. Recently it has become of increasing importance in the 
United States. Some authorities are of the opinion that the flavor has 
always been present, but that it lias been masked by more pronounced 
flavors; others think that the advances in refrigeration and methods of 
handling milk are indirectly responsible for the increased prevalence of the 
flavor. 

Hummer and Conies (1) first discussed the development of a “tallowy" 
flavor in milk. They found that the flavor was caused by the action of light. 
In a later publication Frazier (2) came to the same conclusion. These 
results have been confirmed by Tracey ct al. (3) and Doan and Myers (4). 

Metals, especially copper, were considered to be important factors. Their 
effect has been studied by Guthrie and Roadhouse (5), Golding and Feilman 
(6), Hunziker and Ilosman (7). 

Kende (8) concluded that the flavor was caused by the oxidizing action 
of an enzyme which lie called oleinase. The enzyme w T as so named because 
he thought the enzyme oxidized the oleic acid radical of the butterfat. 

Received for publication January S, 1940. 
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Tlmrston et al . (9) concluded that the oxidation of lecithin was respon¬ 
sible for the flavor. 

Sharp et al. (10) conclude that the flavor is caused by an enzyme similar 
to the enzyme that destroys ascorbic acid. 

Period of lactation, feed, breed, and variation in ascorbic acid have also 
been given as possible explanations of the development of the flavor. 

Greenbank (11) after study of the oxidation-reduction potential changes 
in milk came to the conclusion that the flavor is caused by a mild normal 
oxidation of a minor constituent. 

EXPERIMENTAL 

Methods and Conditions Employed 

This work includes most of the factors which are known to be concerned 
in flavor formation and is extended to include other factors which might 
affect oxidation, with especial consideration of the oxidation-reduction 
potential of the medium. The results are given herewith. 

(1) The milk used in these experiments came from the Bureau of Dairy 
Industry herd at Beltsville, Maryland. All samples were morning’s milk 
delivered to the laboratories in pint bottles. The samples were treated 
within 6 hours after milking. Except for those cases wherein the effect of 
heating was the subject of investigation, the data are for raw milk. 

(2) Pasteurization was by the holding method ; 143° F. for 30 minutes in 
glass bottles. 

(3) All samples, unless stated otherwise, were stored at 5° C. for 24 to 
48 hours. 

(4) Where copper was employed, the sulfate was used. The concentra¬ 
tion is expressed as milligrams of capper per liter. 

(5) The data presented in this paper are the result of a study of over 
4000 samples from about 300 cows. The data presented are results repre¬ 
sentative of the samples studied. Data on many samples are eliminated for 
brevity and clarity. 

(6) The Eh measurements were made by the potentiometric method. 

(7) A plus (+) sign indicates an oxidized flavor; a plus and minus (:±) 
sign indicates that the judges could not determine if the flavor was present; a 
minus (~) sign indicates that the flavor was normal. The number of positive 
signs indicates the intensity of the flavor. 

(8) In this work the classification of milk shall be similar to that of 
Thurston (12). That is; “spontaneous” milk, which does not require cop¬ 
per to develop the flavor; “susceptible” milk, which requires copper to 
develop the flavor; “non-susceptible” milk, which does not develop the 
flavor after the addition of small amounts of copper. 

(9) An individual sample is milk from only one cow. 

(10) The data on flavor are the results obtained by two judges, neither 
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knowing the results of the other, and neither having any knowledge of the 
treatment of the milk. 

(11) As many data as possible were obtained on individual samples to 
eliminate as many variables as possible. 

(12) Where possible the magnitude of the variables was changed 
gradually from zero to the maximum permissible. 

(13) Ever}’ effort was made to handle the samples in the same manner 
each day. This was necessary because it, has been shown that agitation and 
short periods at room temperature cause appreciable changes. 

The Effect of Metals 

Contamination of dairy products by metals is known to produce abnor¬ 
mal flavors. Copper and iron have been found to be the greatest offenders 
in this respect. To determine the relative effect of these metals a series of 
samples of susceptible milk were contaminated by different concentrations of 
the metals. Iron was added in the form of the ferrous (Fe ++ ) and ferric 
(Ftr ++ ) ion. Copper was added as the cupric (Cu + ^) ion. After treatment 
the samples were stored at 5° C. and judgfed at the end of 24 and 48 hours. 
Table 1 shows the effect of the metals on the development of the flavor. 


TABLE 1 

The effect of adding copper and iron on the drrclopitunl of the oxidised flavor in mill: 



i Mg. per 

Flavor of milk stored 

Metal added 



liter 

; j 

24 hours 

48 hours 


Nemo . .! 

0.00 1 

_ 

- 

Copper . j 

0.07 


+ 

Copper . | 

Copper .. . 1 

o.ir> 

; - 

4 - 

0.22 

1 + 

4-i* 

Ferrous (iron) .1 

0.40 

+ 

*r 

Ferrous (iron) . ! 

0.80 

-H- 

i -H- 

Ferrous (iron). 

1.20 

; 4-t-f 

! -! H- 

Ferric (iron) . j 

0.40 

' + 

| 

Ferric (iron) . 

Ferric (iron) . j 

0.80 

± 

i 

1.20 

1 



These results indicate that copper is more active as a catalyst than is fer¬ 
rous iron. Ferric iron in the higher concentrations used proved to be an 
inhibitor to flavor formation. Since the mechanism through which the cata¬ 
lyst may be effective is not known, an attempt was made to find if there was 
a correlation between changes in oxidation-reduction potential (Eh), with 
the addition of metallic salts, and the tendency to flavor formation. 

A number of samples of milk were selected among which were both 
susceptible and non-susceptible samples. The Eh of each was then deter¬ 
mined. The same concentration of copper was added to each sample, a 
second Eh determination was made and the samples placed in storage. After 
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48 hours ’ storage the samples were judged to detect any change in flavor. 
The results are shown graphically in figure 1. 



and their relation to the development of the oxidized flavor. 

The values in figure 1 are in agreement with those of Hileinan and Webb 
(13), who also noted a rise in the Eh of susceptible milk following the addi¬ 
tion of copper. They found no correlation, however, between the oxidation- 
reduction potentials of milks from individual cow r s and their tendency to 
develop an oxidized flavor. 

Our study of a large number of samples has shown that those exhibiting 
a relatively great increase in Eh after addition of copper are susceptible to 
flavor formation, "while those with slight or no increase in Eli do not develop 
the flavor sufficiently to be detected by the sense of taste. 

Detection of Samples Susceptible to Flavor Development 

It would seem from the data just presented that it should be possible to 
detect susceptible samples through their change in Eh after the addition of 
copper. A large number of samples were studied and it "was found that 
such a method was practical. 

The test is made in the following manner. Twenty-five hundredth milli¬ 
gram of copper is added to 500 milliliters of milk. A copper sulfate solu¬ 
tion containing one milligram of copper per milliliter is used. The Eh is 
then determined on the copper free and a copper containing sample. Both 
samples are then placed in storage for (> hours and the Eh again determined. 
If the increase in Eh of the sample containing copper is 0.01 volt or more, 
the sample probably will become oxidized after 24 to 48 hours 1 storage at 
5° C. Conversely, those samples which do not show 0.01 volt rise, probably 
will not become oxidized for a similar time of storage at 5° C. The values 
given in table 2 indicate the approximate magnitude of the Eh variation in 
samples susceptible and nonsusceptible to flavor development. 

The test described in the previous paragraph can be used only on samples 
of milk which are relatively freshly drawn. The samples used were treated 
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within 6 hours of milking. Samples which have been shaken, or allowed to 
remain at room temperature for any appreciable time, may give varying 
results. 

If a more severe control is desired, a larger amount of copper may be 
used. At no time should the amount be great enough to be detectable by 
taste or to promote other “oxidized” flavors. 

These results seem to indicate that the susceptibility of a milk to flavor 
formation may be correlated with the ease with which its Eh changes in the 

TABLE 2 

7 hireling susceptible saivpUs of milk by means of the increase in 1th after the addition 
of equal amounts of copper 


j 

Cow No. 1 

I 


Eli in volts* 


Flavor 

j 

i 

Plain 

j Copper added | 

Increase 


802 

l 

0.290 

: 0.305 1 

0.004 

_ 

1272 


0.272 

\ 0.289 j 

0.017 

•l- 

1458 


0.259 

| 0.209 

0.010 

+ 

J355 


0.247 

| 0.253 ! 

0.000 

- 

1205 


0.232 

j 0.235 j 

0.003 

~ 


^ 0 hours after addition of Cu. 


presence of copper salts. The oxidation-reduction potential (Eh) is com¬ 
plicated by the poising action, which is, expressed in simple terms, the re¬ 
sistance of the milk to change in potential. This poising action corresponds 
to the buffering effect observed in measuring hydrogen ion concentration or 
pH. It would seem, therefore, that samples which are well poised show 
little change in Eh and hence do not promote oxidation reactions. Poorly 
poised samples, on the other hand, readily increase in Eh value, thereby pro¬ 
moting oxidation changes. Those samples which do not require copper to 
develop the flavor have much higher Eli values after the addition of copper 
than samples which require copper. 

Many differences caused by variations in electrodes and apparatus may 
be compensated for by correlating the development of the flavor with the 
rise in Eh of susceptible samples. 

The Cause of Variations in Susceptibility of Individual Milks 

The variation in susceptibility of the milk from different cows has been 
one of the facts difficult to explain. Kende (8) explained it by the absence 
of the enzyme or by variations in the amount of reducing substances. The 
variation would seem to be more difficult to explain if in keeping with this 
theory the substance causing the flavor is always present. The variation 
is explained in this paper by the use of one variant—the poising action of 
the milk. If a sample is well poised at a low Eh the flavor will not develop. 
If poorly poised, the sample increases in Eh with contamination and the 
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minor constituent oxidizes to give the oxidized flavor. The effect of differ¬ 
ences in handling and insignificant contaminations are reflections of poor 
poising. 

Using poising as a criterion and Thurston’s classification (12), spon¬ 
taneous milk may be very poorly poised, susceptible milk poorly poised, and 
nonsusceptible milk well poised. That is, this classification may be 
expressed in terms of the poising action of the milk. 

The Effect of Different Feeds 

Kende (8) found that feeding of green hay, or adding water extracts of 
green hay to the milk prevented development of the flavor. He assumed 
that the reducing substances in the green feed acted as antioxidants, thus 
preventing flavor formation. 

Data are presented in table 3 on milk from cows that had been on dry 
feed for six months or more and were then put on pasture. Samples of the 
milks had been collected, stored, and scored prior to pasturing of the cows, 
and a similar procedure was followed at intervals during pasturing. 


TABLE 3 

The-intensity of the oxidized favor of milk from cows on pasture for 
varying! periods of time 


Cow No. 

| Flavor^ 

0 wk. on 
pasture 

5 wk. on 
pasture 

10 wk. on 
pasture 

1 6 wk. on 
pasture 

N—429 

444- 

+4 

! 4 - 1 - i 

++ 

N-219 

+44 

- 

; - i 

- 

N-4192 

-H-H- 

44-4 

i 44 + i 

4 - 4 + 

A-103 

444+ 

. - 

| - 

- 

A-108 


- 

1 



1 1 mg. of copper per liter. 
2 Recently fresh. 


According to these data the development of the flavor is not always in¬ 
hibited by feeding green feed. However, its beneficial effects are indicated 
by the fact that in every case there was a decrease in flavor intensity by the 
end of the fifth week. In experiments previously recorded, it has been 
shown that in susceptible milk samples there is an increase in the Eh after 
the addition of copper. Since this does not occur with certain samples of 
milk from cows that have been placed on pasture, a logical deduction would 
be that in those cases the poising action of the milk has increased. A study 
was, therefore, made to determine the variation in poising action when ani¬ 
mals were placed on pasture, and the time that might be necessary to bring 
about the change. The data are given in figure 2. 

Before the pasturing of cows 820, A-103, and A-99, the addition of 1 mg. 
of copper to a liter of their respective milks caused an increase in the Eh 
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values, and an oxidized flavor developed in each sample. After the cows 
had been on pasture for two weeks the addition of a similar amount of cop¬ 
per caused very little change of the Eh, and no flavor developed in the milks. 
The milk from cow A-105 changed little in Eli value after the addition of 
copper, even after the animal went on pasture. The results obtained seem 
to indicate that milks vary in their poising action. On this basis it may be 
said that the milk from cow A-105 was so well poised that addition of copper 
or reducing substances did not affect the Eh value greatly. The milks from 
cows 820, A-103, and A-99, on the other hand, may be said to have been 
poorly poised before the cows were put on pasture. Should the poising 



Fkj. 2. The Eh of milk from cows at various stages of pasturing, before and after 
the addition of copper, and the effect upon the development of the oxidized flavor. 


action of a milk be strong at a high potential, the flavor will develop while 
the cow producing the product is on pasture as well as when on dry feed 
except possibly for a slight difference in its intensity. The governing factor 
in the tendency of a milk to flavor development seems, therefore, to be its. 
poising action. 

The Effect of Different Storage Temperatures on the Intensity of the 
Oxidized Flavor in Milk 

It is a well-known fact that the oxidized flavor developed by milks held 
in storage increases in intensity with decreases in storage temperatures. 
This is also evident from data obtained by Bell (15) upon frozen evaporated 
milks. These data are given in table 4. 

Those samples stored at -17° C. developed an oxidized flavor sooner and 
retained the flavor for a longer period than did those stored at - 7° C. The 
explanation for this fact lies probably in the effect of dissolved oxygen at 
different temperatures upon the relative rates of two or more successive 
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TABLE 4 


The effect of time and temperature of storage on the development of the flavor 


Storage (weeks) 

Flavor 

Storage temperature 


- 7° C. 

-17° 0. 

0 

good 

good 

1 

good 

oxidized 

2 

oxidized 

oxidized 

3 

oxidized 

oxidized 

4 

oxidized 

oxidized 

5 

si. oxidized 

oxidized 


reactions that may be involved in the formation and destruction of the 
flavor. (See discussion.) 


The Effect of Variation in the Time of Adding Metals on the Intensity 

of the Flavor 

It is a well-established fact that metallic contamination before pasteur¬ 
ization does not produce as intense an oxidized flavor as contamination after 
pasteurization. Brown ct al . (14) were the first to point out this fact, but 
they gave no explanation for this phenomenon. 

The conclusions of Brown et al. (14) have been confirmed through a num¬ 
ber of experiments on samples to which copper had been added before and 
after pasteurization treatment. Other experiments were carried out to de¬ 
termine the relationship between flavor formation and the changes of poten¬ 
tial when copper is added before and after pasteurization. The results are 
shown in figure 3. 



TIME APTER AOOITION Of COPPER IN HOURS 


Fig. 3. The effect of the time of addition of copper on the development of the 
oxidized flavor and the Eh. 

The Eh value of the milk sample to which copper was added before pas¬ 
teurization changed but slightly after the sample was placed in storage, 
while that of the sample contaminated after pasteurization rose gradually 
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throughout the storage period and finally attained a value greater than that 
of the former sample. The fact that the sample to which copper was added 
before pasteurization does not reach as high an Eh value as the sample 
treated with copper after pasteurization is probably because of the forma¬ 
tion of copper protein salts during heating. 

The Effect of Heating 

The inhibition of flavor production caused by the heating of milk has in 
most cases been ascribed to the destruction of a specific enzyme “oleinase,” 
described b\ Kelide (8) and so named by linn because he thought it pro¬ 
moted the oxidation of the oleic acid radical of the fat glycerides. Sharp 
(10) holds a similar \iew and concluded further that this enzyme is similar 
to the enzyme that oxidizes ascorbic acid, and that both enzymes are de¬ 
stroyed by heat. The heat treatment of milk necessary to prevent flavor 
development is 185° F. (85.0° C.) for 3 minutes, aceording to Kende (8) ; 
170' F. (7(1.6° (\) for 10 minutes, according to Sharp (10); and heating to 
170° F. (70.6° (\), according to Dahle (10). 

Aside from the isolation by Kende (17) of an albumin-globulin fraction, 
an inch lie claims contained the enzyme, no work lias been done to pro\e its 
existence Its presence lias geneially been assumed and the effect of heat has 
been ascribed to the inactivation of an enzAmc and the production of reduc¬ 
ing substances. 

To determine the effect of heating milk upon its tendency to produce 
flavors, the following experiments were performed. After determination of 
the Eli of a raw milk, samples of it were heated to different temperatures, 
cooled, and the Eli of each determined. The results are given in table 5. 


TABLE 3 

The tfltct offuattHO milk at (hffmnt tf in jurat tins upon tin Eh 


1 

Hooting at 03° C. 

Heating at 70° C. 

Time of j 









heating 1 

Change 

Eh 

Change 

Eh 

1 

in volts 

_ 

111 AOltS 


m i n . 


1 



0 


1 0.273 i 


\ 0.273 

1 

+ 0.005 

♦ 0.278 

-0.011 

4 0.262 

3 

- 0.002 

1 0.271 

- 0.023 

t 0.248 

10 



-0.048 

4- 0.225 

15 

- 0.008 

4 0.205 



30 

- 0.017 

4 0.230 




Heating at 83° C. 


Change 
in \olts 


- 0.033 

- 0.042 

- 0.048 


Eh 


4 0.273 
1 0.240 
-I 0.2.51 
4 0.223 


Heating, at those temperatures shown by other Avorkers to inhibit fla\x>r 
formation (170° F. (76.6° C.) and 185° F. (85° C.)), markedly decreases 
the Eh of the milk, thereby indicating a stronger reducing tendency. 
Though the Eh was not decreased so greatly in the samples heated at 145.2° 
F. (63° C.) for 30 minutes as it was in those samples heated at 158° F. 
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(70° C.) and 185° F. (85° C.)> there was no indication from these data or 
data on a great number of other samples studied that this heating increased 
the susceptibility to flavor formation. These data are in contradiction to 
those of Dahle (16) and others who have found that pasteurization promotes 
the development of flavor. From the above given data it seems probable 
that the prevention of vitamin C destruction and flavor development may 
be caused by the decrease in Eh, that is, a greater reducing tendency of the 
system. 

The Effect of Bacterial Growth 

The inhibiting action of bacterial growth was one of the first observations 
made by early workers in the field. Kende (17) and Dahle (16) attribute 
this action to the formation of reducing substances. 

In order to study the effect of bacterial growth upon the development of 
flavors, samples of a susceptible milk were stored at different temperatures 
to obtain differing amounts of growth. Bacterial count and Eh determina¬ 
tions were made and samples cooled or warmed to the temperatures indi¬ 
cated in table 6. After 48 hours’ storage at those temperatures the bacterial 
count and the Eh were again determined and the samples scored for flavor. 
The results are given in table 6. 

TABLE 6 


Effect of bacterial f/roudh on the Eh and the development of the oxidised flavor in milk 


Temperature 

Eh 

Bacterial count 

Flavor 

0 ]r. 




41 ( 5° C.) 

0.341 

5,800 

*H-+ 

50 (10° C.) 

0.321 

50,000 

+ f 

57.4 (14° C.) 

0.307 

1,080,000 

•f 

68.0 (20° C.) 

0.165 

109,000,000 

“ 


As was to be expected, no flavor developed in the milk stored at 68° F. 
(20° C.), in which the Eh value dropped to 0,165 volts. The samples at 
57.4° F. (14° C.), 50° F. (10° C.) and 41° F. (5° C.) increased in intensity, 
respectively. With this increased intensity there was a respective increase 
in Eh. 

The Effect of Variation in Ascorbic Acid 

The variation of the ascorbic acid content of milk has been suggested as 
a cause for the oxidized flavor by Kende (8); Dahle (16), and Sharp (10), 
have also studied its effect in this respect. 

Ascorbic acid (Vitamin C) is a reducing agent and the Eh in water solu¬ 
tion as determined by Ball (18) appears to be low enough to inhibit develop¬ 
ment of the flavor, were it caused by ah oxidation. 

Experiments were, therefore, conducted to determine if the amounts of 
ascorbic acid necessary to inhibit flavor formation would fall within the 
range of values for the amounts of this compound normally present in milk. 
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Most of these experiments were conducted with raw herd milk, though some 
susceptible and non-susceptible samples from individual cows were used. 
The ascorbic acid was added in crystalline form and the samples judged at 
the end of 48 hours in storage. 

TABLE 7 

The effect of ascorbic acid (vitamin C) on the development of the oxidized flavor in milk 


Cow No. 


N-419 
N-42U 
A-05 
N-219 


Flavor when ascorbic acid was added at the rate of 


0 mg. per 10 mg. per 

liter liter 



i 


20 mg. per 

40 mg. per 

liter 

.._ . ... 

liter 

+ 

- 

± 

- 

_ 

— 


The results indicate that the presence of ascorbic acid can prevent the 
production of oxidized flavor; however, the amounts required are greater 
than the probable normal variations in this constituent, 22.2 to 29.2 mg. per 
liter, Whitnah (19). 

Removal of the Oxidized Flavor in Milk by a Reducing Agent 

The inhibition produced by bacterial growth, green feed, and heating is 
caused by an increase in reducing substances, as reflected in the lower Eh 
values of the milk. 

An attempt was made to ascertain if the oxidized substance responsible 
for the flavor could be rendered innocuous by the action of a reducing agent. 
To do this, different amounts of sodium sulfite (Na 2 S0 3 ) were added to 
samples which had just become positive and the samples stored at 4° C. for 
24 hours. After storage the Eh of the samples was determined and the 
samples judged for flavor. The results are shown in table 8. 


TABLE 8 

The effect of a reducing aprnf (Na.jSO.J on the oxidized flavor in milk 


Mr. Nil.,80, 

Eh 

Flavor 

per liter 

.lodge No. 1 

Judge No. 2 

0 

0.304 

-rf 

-t-f 

1 

0.281 

4-U 

+ 

o 

0.273 


+ 

4 

0.241 

+ | 

+ 

8 

0.220 

__ 


36 

0.191 


- 


As the concentration of sodium sulfite increased the Eh decreased and 
the flavor became less pronounced and at a concentration of 8 milligrams per 
liter the flavor was not discernible by the sense of taste. As previously 
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indicated, this type of experiment cannot be carried out on milk in which the 
flavor has been taken up by the fat and protein. This is not absolute proof 
that the precursor is regenerated by reduction but seems to indicate that such 
is the case. 

The Effect of the Removal of Air on the Development of the Oxidized 

Flavor in Milk 

According to Sharp (10) removal of air inhibits the development of the 
oxidized flavor in milk. Studies made in these laboratories indicate that the 
development of the flavor is inhibited if the concentration of copper is low. 
This inhibition is probably caused by the removal of oxygen which reduces 
the Eli value of the milk. The addition of a high concentration of copper 
increases the Eh and the flavor develops. 

The Effect of Light 

In the experiments recorded here an attempt was made to And the effect 
of light upon the development of the flavor and upon the Eh of the milk. 
Samples of non-suseeptible milk with and without copper were exposed for 
varying lengths of time to the diffuse light from a western exposure. At the 
end of the exposure the samples were placed in storage at 41° F. (5° C.) for 
48 hours and were scored. The Eh values were determined before and afler 
exposure. The results are given in table 9. 

TABLE 9 

The effect of diffuse light on the fih and the development of the oxidised flavor in milk 


Exposure 

Copper 
per liter 

Eh 

Flavor 

hr. 

mg. 

volt 


0 

0.5 

0.234 


3 

0.0 

0.228 

- 

3 

0.5 

0.257 

-K 

0 

0.0 

0.242 


6 

0.5 

0.240 1 

+ 


The results in table 9 agree with those of experiments with several thou¬ 
sand samples, in that ordinary exposures to light of uncontaminated samples 
do not affect the flavor. In the presence of copper an exposure of 3 hours 
promotes the development of the flavor and increases the Eh more than does 
6 hours ’ exposure. In all probability light in the presence of copper is such 
a strong oxidizing agent that prolonged exposure causes a reaction similar 
to that of the ferric ion shown in table 1. 

After the study of the effect of diffuse light an attempt was made to 
determine the action of direct sunlight. In this experiment a number of 
samples of non-susceptible milks were exposed to the direct February sun in 
pyrex flasks. Pyrex was used because of its high transmission in the ultra- 
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violet end of the spectrum. Some of the samples contained copper. The 
approximate temperature was 32° F. or 0° C. During exposure and at 
definite intervals afterward, the Eh of the samples was determined. After 
the exposure the samples were held at 5° C. and judged at the end of 48 
hours’ storage. Figure 4 shows the effect of sunlight on the flavor and Eh 
of non-susceptible milk. 



Fiu. 4. The effect of sunlight on the Eh nwl the development of the oxidized flavor 
in milk. 

Direct sunlight with its shorter wave lengths is so strong an oxidizing 
agent that it increases the Eh so greatly and so rapidly that a scorched flavor 
results. Experiments described elsewhere on the effect of hydrogen per¬ 
oxide and contamination before pasteurization indicate that a rapid rise in 
Eh is not conducive to the development of the flavor. 

The Promotion and Inhibition of the Oxidized Flavor in Milk by 
Oxidizing Agents 

It has been shown by Greeubauk (11) and also in table 1 that the oxi¬ 
dized flavor in milk may be destroyed by increasing the tendency toward 
oxidation. In the experiments quoted no attempt was made to measure the 
oxidation-reduction potential of the milk in question. 

An attempt was then made to form the oxidized flavor by a low concen¬ 
tration of the oxidizing agent and destroy the flavor by a higher concentra¬ 
tion of the chemical. The changes in intensity of oxidation were followed 
by means of the increase in the Eh. A susceptible milk was treated with 
different concentrations of hydrogen peroxide (30 per cent) and placed in 
storage for 4 hours. The samples were then removed, the Eh determined, 
and the samples judged. The results of this experiment are given in table 
10 . 

The results were repeated a number of times on different samples. No 
two samples gave exactly the same results but all showed the same trend. 
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TABLE 10 

The promotion and inhibition of the oxidized flavor formation in milk 
by hydrogen peroxide 


Concentration of 
of 30% hydrogen 
peroxide per liter 

Eh 

Flavor 

Judge No. 1 

Judge No. 2 

CO. 

volt 



0.00 

0.231 

- 

- 

0.03 

0.291 

4- 

4 - 

0.06 

0.354 

+ 

+ 

0.12 

0.392 

4 - 1 ' 

44 - 

0.20 

0.431 

+ 

+ 

0.50 

0.410 

- 

- 


The Effect of Variations in the Hydrogen-ion Concentration 

The Eh of reversible oxidation-reduction systems change with variation 
in their respective H-ion concentrations. The effect of variations in the 
H-ion concentration of milks susceptible to flavor development was pro¬ 
moted or retarded in accordance with known variations in H-ion concentra¬ 
tion. Samples of “spontaneous” milks were treated with lactic acid or 
sodium hydroxide to obtain a desired pH, stored at 41° F. (5° C.) and 
scored at 24- and 48-hour periods. The data are given in table 11. 

TABLE 11 

The effect of varying the pH in the same milk on the development of the oxidized flavor 


Flavor 


pn 

After 24 hr. 
storage 

As ranked by judges 
after 48 hr. storage 

6.90 

* _ 

1 

6.79 

- 

2 

6.65 

- 

3 

6.55 (control) 

+ 

4 

6.49 

4* 

6 

6.32 

4- 

5 

6.25 

4 

6 

6.01 

4- 

5 


The data indicate that a decrease in the H-ion concentration of the milk 
equivalent to 0.10 pH unit is sufficient to inhibit the development of flavor 
for 24 hours. Though the flavor develops in 48 hours, those samples with 
decreased H-ion concentration produced less flavor than any of the samples 
of increased acidity. 

These conclusions are in agreement with former results of Greenbank 
(11) confirmed by Anderson (21). The latter author, however, explained 
the effect on the supposition that the neutralizer is an activator of an enzyme 
which destroys flavor, rather than upon the theory of catalysis of oxidation 
by the OH-ions. 
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The Effect of Antioxidants 

The use of antioxidants is so general today that any study of a chemical 
oxidation would not be complete without their application. The mechanism 
of antioxygenie action is not well understood; therefore, many of the 
properties used to determine whether or not a substance will oxidize cannot 
be used. However, an attempt was made to determine if the antioxidant 
hydroquinone would counteract the action of copper. A number of samples 
of a susceptible milk were treated with hydroquinone or copper, and eer* 
tain samples w ? ere treated with both. After treatment the samples were 
placed in storage and judged at the end of 48 hours. Table 12 shovrs the 
effect of hydroquinone on the development of the flavor. 

TABLE 12 


The effect of hydroquinone on the development of the oxidized flavor in milk 


Treatment 

1 ; 

Flavor 

Score 



Hydroquinone j C 

'upper 

! 


in q. per liter ! in a. 

pn’JUtr 

! 


o.o ! 

0.0 : 

I +:* 

4 

0.5 

0.0 

+ 

3 

1.0 ! 

0.0 

I 

1 

0.0 1 

n.5 

■H 1 

6 

0.5 1 

0.5 ! 

i +■- 

5 

._ [ 

0.5 

j 

•2 


Hydroquinone proved to be an effective antioxidant in preventing the 
development of the flavor. Two parts of hydroquinone were required to 
counteract the action of one part of copper. 

Incidentally, it. may be stated that although some samples did not de¬ 
velop the flavor, those containing only hydroquinone w T ere always judged 
of superior quality. This observation would seem to indicate that there 
may be other types of oxidation which affect the flavor and which are not 
considered highly objectionable. 

Controlling the Development of the Flavor by Variations in the Oxidation 
Reduction Potential (Eh) 

It has been shown in experiments heretofore described that heating re¬ 
duces the Eh and inhibits the development of the oxidized flavor in milk. 
Since the poising action of milk varies, it is possible that the respective 
change in Eh value resulting from heat treatment may vary in degree. In 
some cases the poising action may be so great that the decrease in Eh upon 
heating may be too small to prevent flavor development even when copper 
is present. To determine if this is the case, a number of samples were 
selected and heated to 185° F. (85° 0.) for 5 minutes. After cooling, 
copper was added in different concentrations and the samples stored at 5° C. 
for 48 hours. The results are given in table 13. 
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TABLE 13 

The effect of heating milk to 185° F. (S5° C.) for 5 minutes on copper as a catalyst for 
the development of the oxidized flavor in milk 


Cow No. 

Flavor when copper was added in the concentration of 

0 mg. 
per liter 

0.15 mg. 
per liter 

0.2 mg. 
per liter 

0.4 mg. 
per liter 

0.8 mg. 
per liter 

A-110 

_ 

_ 



*1- 

N-222 

- 

- 


- 

+ 

N-415 

- 

- 

- 

- 


N-418 

— 

+ 

+ 

+ 

+ 

N-419 

- 

+ 

+ 

+ 

+ 

N-420 

- 

+ 

+ 

+ 

+ 


The data seem to indicate that any sample may become oxidized if suffi¬ 
cient copper is added. They also seem to indicate that the reducing sub¬ 
stances formed by heating may be oxidized by the copper and the Eh 
increases to a point which favors flavor development. An attempt was 
made to test this hypothesis. 

Heating raw susceptible milk to 158° F. (70° C.) for 10 minutes has 
been shown to decrease Eh and inhibit development of the flavor. The addi¬ 
tion of copper to raw “susceptible” milk has been shown to increase the Eh 
and promote the development of the flavor. Since heating reduces and the 
addition of copper increases the Eh, it should be possible to heat a copper- 
containing milk and obtain the same Eh as the raw milk. If an increase in 
Eh alone is responsible for the development of the flavor, the addition of 
more copper to the heated copper-containing milk should cause an increase 
in Eh and promote development of the flavor. 

The results in table 14 show that if sufficient copper is added to a heated 
sample, it will develop the flavor. 


TABLE H 


Controlling the development of the oxidized flavor in milk by varying the Eh 


Sample 

No. 

Treatment 

Eh volt 

Change in 
Eh volt 

Flavor 

1 

Raw 

0.222* 

.000 


2 

Raw + 1 mg. Cu per 1. 

0.232* 

+ .010 

+ 

3 

Heated milk +1 mg. On per 1. 

0.192* 

- .030 


4 

1 mg. Cu per 1. added before heating 

0.222 

-.000 

_ 

5 

Same as (4) +1 mg. Cu after heating 

0.235* 

+ .013 

+ 


* After 6 hours 9 storage. 


By raising or lowering the Eh value of the same milk, it has been possible 
to promote or inhibit the development of the oxidized flavor. 

The relation of the changes in the Eh of the milk to the development of 
the oxidized flavor and the probable reaction are shown in figure 5. 








OXIDIZED FLAVOR IN MILK 


741 


DISCUSSION 

The results of the experiments described in this manuscript seem to indi¬ 
cate that the oxidized flavor of milk is caused by a mild oxidation of some 
minor constituent or constituents. This conclusion is supported by the fact 
that in a reducing environment, such as that caused by the mechanical re¬ 
moval of air, removal of oxygen by bacterial growth, or presence of antioxi¬ 
dants, etc., the flavor does not form readily. On the other hand, conditions 



Flo. fi. Summary diagram, based on n number of results obtained showing the rela¬ 
tionship of variation in the oxidation reduction potentials of milks to the development of 
the oxidized flavor. 

favoring mild oxidation, such as low temperatures of storage, presence of 
certain metals that catalyze oxidation reactions, or subjection to the action 
of diffused light in the presence of metals, action of small amounts of 
hydrogen peroxide, etc., favor flavor formation. However, flavor develop¬ 
ment is also inhibited by heating the milk, by the action of certain concentra¬ 
tions of hydrogen peroxide or by the presence of oxygen (aeration) etc. 
Conditions favoring oxidation seem therefore to be able to promote or inhibit 
flavor formation, depending upon their intensity. This fact seems to be most 
satisfactorily explained through the assumption that two stages of oxidation 
are involved; namely, oxidation of the compound or compounds involved to 
intermediate compounds which possess the flavor or to more completely 
oxidized compounds that are tasteless. 

Schematically, such an oxidation may be represented as follows: 

R-1—> RO-» ROj 

No oxidized flavor Oxidized flavor No oxidized flavor 
Thus, when mild oxidizing conditions exist the oxidized flavor develops. 
Under more strongly oxidizing conditions the reaction proceeds to a more 
complete stage and the oxidized flavor does not develop. 

Furthermore, the results obtained with milks stored at different tempera¬ 
tures may best be explained upon the assumption that the rates of reaction 
of the stages of the oxidation are different and are affected to different 
degrees by temperature changes. 
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Such a theory serves to correlate most satisfactorily the observations 
recorded here, as well as those made by other workers, concerning the de¬ 
velopment of the flavor without resorting to explanations based on assumed 
enzyme activity. 

All of the major constituents of milk are relatively stable to mild oxidiz¬ 
ing conditions, and especially under those conditions which are known to 
affect flavor formation. This would seem to eliminate the glycerides of the 
fat, casein, lactose and albumin, as precursors of the flavor. 

Since the oxidation concerned seems to be affected greatly by mild oxidiz¬ 
ing or reducing conditions, it seems that this state is most satisfactorily 
explained by the variations in oxidizing and reducing tendencies of the milk 
in question. That this may be the case is supported by the data presented. 
Under conditions which increase the oxidation-reduction potential of the 
milk, flavor development is favored. However, strong oxidizing action may 
inhibit the flavor development primarily through completion of the oxida¬ 
tion as heretofore explained. Conversely, a lowering, of the oxidation-re¬ 
duction potential favors inhibition of flavor formation. These facts indi¬ 
cate that there is a direct relationship between the potential of the system 
and the tendency of a milk to develop off-flavors. Copper is an ideal cata¬ 
lyst for flavor development because the Eh value of the milk when this 
metal is added is great enough to promote oxidation but not great enough 
to promote a rapid oxidation of the reaction concerned to completion. There 
seems also to be a variation in the poising action of different milks. Milks 
which do not readily develop the flavor seem to be well poised while those 
milks which develop flavor increase in potential with the addition of small 
amounts of copper and develop oxidized flavors. Heating the milk or feed¬ 
ing the animals producing the milk on green feeds seems to increase poising 
action, thereby inhibiting flavor development. 

The fat has often been considered as a probable precursor of the com¬ 
pounds that are responsible for the flavor. Though changes in the iodine 
number of fats with changes in flavor have been observed by Dahle (16), 
and by Kende (8), no changes were observed by Brown et al. (22). The 
latter observation seems to be in accord with the work of Holm and Green- 
bank (23), who observed that fresh milk fat is relatively stable to spontane¬ 
ous oxidizing action even at relatively high temperatures and that sufficient 
oxidation to produce tallowy flavor affects the iodine value but slightly. 
These facts seem to exclude the glycerides of fat as possible precursors of 
the compounds that are responsible for the flavor but does not necessarily 
exclude minor fat constituents, such as lecithin, which compound Thurston 
(9) has suggested is indirectly responsible for the flavor. 

Oxidizing conditions which have little effect on the major constituents 
of milk are capable of inhibiting the development of the flavor in milk and 
the fact that the flavor develops to a greater intensity as the storage tern- 
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perature is decreased does not support the idea that a major constituent of 
the milk is concerned. 

The theory that enzymic action is responsible for the flavor is not easy 
to support in view of the evidence presented; namely, that the flavor de¬ 
veloped to a greater intensity at a storage temperature of 1.4° F. (- 17° C.) 
than at higher storage temperatures, that flavor developed in milk samples 
heated to 185° F. (85° C.) for 5 minutes, and that flavor did not develop in 
aerated samples of the same milk (10). . 

On the basis of the proposed theory, the anomalous fact that flavor de¬ 
velops more rapidly and to a greater intensity in milk stored at 1.4° F. 
(-17° C.) than in milk stored at 19.4° F. (-7° C.) may be viewed as a 
result of a decreased rate of oxidation by dissolved oxygen to the more com¬ 
pletely oxidized stage brought about by the lower storage temperature. The 
net result is an accumulation of the intermediate or flavored compound. 
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EQUILIBRIUM SOLUTIONS OP CERTAIN LACTOSE- 
SALT MIXTURES 

O. G. JENSEN, Z. M. HANFORD, and G. C. SUPPI.EE 

The Borden Company lit,search Division Biological and Chemical Lal>oratories y 
Bainhridf/c, New York 

Although the solubility characteristics of lactose in water have been 
rather extensively studied (10, 14, 5),*recorded data concerning the melas- 
sigenic properties of various salts are extremely meager (11). This lack of 
comprehensive or critical data has imposed certain limitations in adequately 
dealing with some industrial processes and developmental research in which 
the crystallization of lactose is directly or indirectly concerned. The litera¬ 
ture discloses substantially only one series of data concerning the solubility 
of lactose in known salt solutions, namely, the work of Herrington (11) 
involving calcium chloride, which incidentally led to the isolation of a lac¬ 
tose-calcium chloride compound. Since the formation of calcium chloride 
compounds with other sugars has been reported (3, 1, 8, 16), the evidence 
might be interpreted to indicate a particular molecular configuration espe¬ 
cially conducive to compound formation with this salt and possibly other 
salts with closely related properties. The purpose of the present work had 
a two-fold objective: first, to determine the influence of various salts upon 
the solubility of lactose, thereby ascertaining whether certain ions exhibited 
an orderly relationship in melassigenic properties; and secondly, to deter¬ 
mine whether other calcium-halide compounds analogous to calcium chlor¬ 
ide-lactose compounds could be formed under appropriately controlled con¬ 
ditions. 

EXPERIMENTAL 

The lactose employed in this study was the alpha hydrate which fully 
conformed to the U. S. Pharmacopoeia specifications, of a degree of fineness 
which permitted passage through a 120-mesh screen. The salts were of the 
“chemically pure” and “tested purity” class with the exception of the cal¬ 
cium bromide and calcium iodide which were labeled “pure.” No further 
purification was attempted. The following procedures were used in carry¬ 
ing out the solubility determinations: 

(A) The salt solutions were prepared in graduated concentrations at 
five per cent intervals by adding the required amounts to 50 grains of dis¬ 
tilled water. Balts containing water of crystallization were either dried to 
the anhydrous form or, when this procedure was impracticable, appropriate 
calculations were made to determine the equivalent of the anhydrous mate¬ 
rial. The standardized salt solutions were placed in screw-cap bottles, 
which in turn were attached to a vertical wheel slowly rotating within a 
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constant temperature air bath maintained at 35° C. Following a period of 
agitation and tempering of the salt solutions, the refractive index was deter¬ 
mined at the temperature of the air bath; all refractive index determina¬ 
tions required throughout the course of this study were made at this tem¬ 
perature. 

(B) An excess of lactose was added to each solution and agitation at 
35° C. resumed. At intervals of 24 hours the bottles were removed from 
the agitator and held in a stationary position in the air bath until the 
suspended undissolved lactose had settled. The refractive index was then 
determined; this determination served to disclose the amount of lactose 
which had dissolved during the 24-hour period. The method used to calcu¬ 
late the amount of lactose dissolved in the salt solutions is explained in 
section (C). A comparison of the values obtained on consecutive days indi¬ 
cated clearly when equilibrium had been reached, at which time further 
agitation was discontinued and a final refractive index determination made 
on the equilibrated solution free from suspended lactose. The concentra¬ 
tion of lactose in at least one of the graduated series of each salt solution w T as 
then checked by other methods. The iodometric method of Kline and Aeree 
(12), further studied and modified by Miller (13), was found useful where 
copper reduction methods were inapplicable. 

(C) Standardized salt solutions containing known amounts of lactose 
were prepared and their refractive indices determined in the same maimer 
as for the solutions of unknown lactose concentration. By employing these 
values as a basis of reference, the lactose concentration in the equilibrated 
solutions may be determined by interpolation or graphic means; the graphic 
method was used in these studies. Obviously the results will be in error if 
any salt has been removed from solution. In view of this possibility, the 
results were checked at strategic points by determining the lactose and/or 
salt concentration by other methods. For illustration, in the case of the 
calcium-halides which potentially form calcium halide-lactose complexes, 
calcium determinations were made in addition to the refractive index 
readings. 

In preparing the standard salt solutions containing known amounts of 
lactose, it is necessary to prepare at least one solution at each salt concentra¬ 
tion in which the lactose concentration is equal to or greater than the equi¬ 
librium value. In most cases this was readily accomplished by raising the 
temperature above 35° C. to effect solution, cooling at 35° C. and determin¬ 
ing the refractive index before crystallization. Usually no difficulty was 
encountered because the solutions remained supersaturated for a consider¬ 
able time. The refractive index determinations were made with an AbM 
type instrument. 

The results obtained with twenty-four salts are shown in table 1. The 
influence of certain sodium, calcium, and magnesium salts on the solubility 
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of lactose is shown graphically in charts 1 and 2, respectively. It is clearly 
evident that the salts investigated differ widely in their abilities to influence 
the solubility of lactose in water. The ions arranged in order of their effec¬ 
tiveness (based upon a 25 per cent salt concentration) in increasing the solu- 

CHAPT I 


SOLUBILITY OF LAT03F MONOHYBRATF IN TALT POLUTTOWS AT 35°C. 



Chart 1. Solubility of lactose monobydrate in salt solutions at 35° C. 

bility of lactose show the following sequence for the anions: thiocyanate, 
iodide, nitrite, bromide, chloride, nitrate, acetate, tartrate, dihydrogen 
phosphate, and sulphate. It is probable that the comparisons are of 
greater value when made on equimolar concentrations; such comparative 
values are graphically shown in charts 1 and 2. The order of effectiveness 
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of tlie cations appears to fall in approximately the following sequence: 
potassium, calcium, sodium, and magnesium. 

It is of considerable interest to note that the sequence of the anion series 
conforms essentially to the series of ions compiled by Cooper (2) based 


CHART II 

SOLUBILITY OF LACTOSE MONOHYDFATE IN SALT SOLUTIONS AT 35°C. 



Concentration of Salt Solutions (Moles per 1000 Oram# W*ter) 


Chart 2. Solubility of lactose monolirdrute in salt solutions at 35° C. 

upon a calculation of the free energy of formation of the ions from their 
elements. His calculations place tbe common anions in the following order: 
cyanide, hydrosulphide, bromate, thiocyanate, chlorate, nitrite, perchlorate, 
iodide, cyanate, bromide, nitrate, chloride, iodate, fluoride, acetate, sulphite, 
bisulphite, fumarate, oxalate, sulphate, citrate and tartrate. Cooper points 
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TABLE 1 

Solubility of lactose monoh ydrntc in various salt solutions at 85° C. 

A—Concentration of salt solution in per cent, 

B—Concentration of salt solution expressed as moles per 1000 prams water. 
C—Solubility of lactose (prams lactose monohydratc per 100 prams water). 


A 

B 

C 

1 A 

B 

C 

A 

B 

C 

A 

B 

C 

Sodium Chloride 

Potassium Chloride 

Sodium Nitrate 

Potassium Nitrate 

r> 

0.90 

31.4 

5 

0.71 

32.2 

5 

0.62 

31.7 

5 

0.52 

32.2 

10 

1.90 

31.7 

10 

1.49 

34.5 

10 

1.31 

32.2 

10 

3.10 

33.9 

15 

3.02 

32.4 

15 

2.37 

36.8 

15 

2.08 

32.5 

15 

1.75 

35.6 

20 

4.27 

33.8 

20 

3.35 

40.9 

20 

2.94 

32.8 

20 

2.47 

37.0 

25 

5.70 

38.0 

25 

4.47 

44.7 

25 

3.92 

33.5 

25 

3.30 

37.9 

Primary Sodium 
Phosphate 

Primary Potassium 
Phosphate 

Sodium Sulfate 

Potassium Sulfate 

5 

0.44 

29.5 

5 

0.39 

30.7 

5 

0.37 

28.7 

o 

5 0.15 

31.4 

10 

0.93 

28.8 

10 

0.82 

30.5 

10 

0,78 

26.1 

5 

0.30 

31.4 

15 

1.47 

20.4 

15 

1.30 

30.4 

15 

1.24 

24.1 

7. 

5 0.47 

31.2 

20 

2.08 

24.] 

20 

1.84 

29.4 

20 

1.70 

20.7 

30 

0.04 

31.0 

25 

2.78 

HO o 

25 

2.45 

28.6 

25 

2.35 

10.6 

12 

0.78 

30.0 

Sodium Acetate 

Potassium Acetate 


Potassium 

Oxalate 


Ammonium 

Chloride 

5 

0.04 

29.4 

5 

0.54 

30.8 

5 

0.32 

31.6 

5 

0.98 

33.3 

10 

1.35 

29.0 

! io 

1.13 

31.5 

10 

0.07 

32.0 

10 

2.08 

35.0 

15 

2.15 

29.2 

1 13 

1.80 

33.2 

15 

1.00 

32.8 

15 

3.30 

39.3 

20 

3.04 

30.0 

! 20 

2.55 

30.8 

j 20 

1.50 

33.7 

20 

4.67 

45.0 

25 

4.00 

33.0 

1 

3.40 

41.2 

1 - 5 

2.00 


25 

0.23 

51.7 

Barium Chloride 

Magnesium Chloride 

Magnesium Sulfate 

Calcium Acetate 

5 

0.25 

31.4 


0.55 

28.8 

1 3 

0.44 

27.1 

| 5 

0.33 

28.9 

10 

0.53 

32.4 

1 10 

1.16 

28.1 

I 10 

0.92 

23.0 

! 10 

0.70 

27.2 

15 

0.85 

34.2 

15 

1.85 

27.7 

1 IS 

1.47 

17.4 

15 

1.32 

25.8 

20 

1.20 

30.0 

20 

2.62 

28.0 

1 20 

2.08 

14.3 

20 

1.58 

23.9 

25 

1.00 

39.5 

25 

3.50 

29.1 

i.-•> 

2.77 

10.2 




Co 

Icium Chloride 

Calcium Bromide 

Calcium Todide 

Sodium Thiocyanate 

5 

0.47 

29.9 

I 3 

0.20 

31.1 

5 

0.18 

32.9 

5 

0.65 

34.2 

10 

1.00 

29.9 

! 30 

0.50 

32.1 

10 

0.38 

30.1 

1 30 

1.37 

38.0 

15 

1.59 

31.2 

; i5 

0.88 

33.2 

! 15 

0.00 

39.5 

15 

2.18 

42.6 

20 

2.25 

35.3 

20 

1.25 

36.1 

! 20 

0.85 

42.0 

20 

3.08 

50.1 

25 

3.00 

41.0 

25 

1.07 

40.1 

25 

1.13 

45.3 

25 

4.13 

58.0 

30 

3.80 

20.4 

: 30 

2.14 

40.8 

30 

1.40 

51.5 

30 

5.28 

70.9 

40 

0.01 

.10.3 

35 

2.09 

50.8 

35 

1.83 

09.9 

35 

0.64 

84.4 




! 40 

3.33 

72.8 

40 

2.27 

82.2 

40 

8.22 

104 




i 






50 

12.33 

185 

Ammonium 

Thiocyanate 

Potassium 

Nitrite 

Sodium Tartrate 

Sodium Citrate 

5 

0.09 

30.1 

5 

0.02 

32.8 

r, 

0.27 

29.9 

! io 

0.43 

27.2 

10 

1.40 

41.0 

10 

1.31 

34.9 

10 

0.57 

28.9 

20 

0.97 

25.2 

15 

2.32 

49.1 

15 

2.07 

37.3 

35 

0.91 

27.9 

25 

1.29 

24.0 

20 

3.29 

J50.3 

20 

2.94 

39.4 

20 

1.29 

20.3 

30 

1.66 

21.7 

25 

4.38 

62.6 

25 

3.92 

42.3 

25 

1.72 

25.0 

35 

2.08 

20.9 

30 

5.63 

73.0 

30 

5.04 

45.6 

30 

2.21 

22.6 




35 

7.08 

84.8 

35 

0.33 

49.9 







40 

8.70 

98 

40 

7.83 

54.8 







50 

13.14 

143 
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•out that this series conforms in general to the lyotropic or Hoffmeister 
series. An orderly sequence of effectiveness of the different ions on colloidal 
phenomena such as the peptization of proteins (6), the flocculation of either 
hydrophobic or hydrophilic colloids (15, 7), and swelling pressures (4) has 
been demonstrated; certain ions causing a predominantly “solubilizing” 
■effect and others a 4 * precipitating*' effect. 

Hoffmeister (9) has explained the action of the ions on the basis of their 
abilities to monopolize the water in a solution. This offers a plausible ex¬ 
planation for the variation in the precipitating or salting-out effect of the 
ions but it is wholly inadequate to account for solubilizing effects. It is 
known that ions in the end of the series have a dehydrating effect because 
they adsorb water with great avidity but it cannot explain why the ions at 
the beginning of the series, which are weakly hydrated, drive lactose into 
solution. It seems feasible to postulate that the ions at the beginning of the 
series combine with lactose, the resulting compounds or complexes being 
more soluble than the lactose itself. This hypothesis is supported by the 
results obtained with calcium chloride and by those obtained with calcium 
bromide and calcium iodide as will be shown hereinafter. 

The effect of calcium chloride on the solubility of lactose is of particular 
significance (chart 2). It is evident that at concentrations greater than 
approximately 25 per cent (3 moles per 1000 grams water) the apparent 
solubility of lactose drops off sharply, due presumably to the formation of a 
compound or complex. Herrington (11) has isolated such a compound and 
assigned the formula: alpha lactose • CaCl* • 7H a O. This compound can be 
made easily as shown by the following example. 

Starting with a solution of lactose * 1H 2 (), 5 lbs.; CaCl 2 * 6H 2 0, 7 lbs. 13 
oz.; and water, 9 lbs. 6 oz., 5 lbs. of the pure compound were readily precipi¬ 
tated. By adding amounts of lactose and calcium chloride to the mother 
liquor equivalent to the amount of compound crystallized out, second and 
third yields of the crystallized compound were obtained in 4 lb. 4 oz. and 4 
lb. 14 oz. quantities, respectively. It appears that the process can be con¬ 
tinued indefinitely with practically one hundred per cent recovery of the lac¬ 
tose and calcium chloride in the form of the complex. The crystals can be 
separated from the mother liquor by filtering and washing with a solution of 
80 per cent acetone and 20 per cent water. The resulting product showed 
62.1 per cent lactose and 6.90 per cent calcium by analysis, which conforms 
to the respective calculated values of 62.2 and 6.92 for a compound, lactose • 
CaCl 2 * 7H a O. 

An analogous compound, lactose • CaBr 2 • 7H 2 0, has been prepared in a 
similar manner. Preliminary determinations indicated that the mole ratio 
of calcium bromide to lactose should be at least two to one to yield crystals 
of the complex. Starting with a solution of lactose * 1H 2 0, 5 lbs.; CaBr 2 * 
<6H 2 0, 10 lbs. 8 oz.; and water, 6 lbs., 6 lbs. 3 oz. of a crystalline compound 
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were obtained. The product showed 53.9 per cent lactose and 6.36 per cent 
calcium by analysis which conforms to the calculated value of 53.9 per cent 
and 6 per cent, respectively, for the compound, lactose * CaBr 2 • 7H 2 0. By 
adding equivalent amounts of lactose and calcium bromide to the mother 
liquor 4 lbs. 13 oz. and 5 lbs. yields were obtained from the second and third 
crystallization, respectively. The crystals produced were exceedingly fine, 
slender prisms with ‘ i hip-roofed ’’ ends apparently consisting of three faces. 
They were smaller and more soluble than those of the corresponding calcium 
chloride complex. When washed free from excess calcium bromide, drying 
was readily accomplished in ordinary atmosphere to about 6 per cent of free 
moisture; this may be removed by further drying at 70° C. The washing of 
the crystals is best accomplished with a solution of 80 per cent acetone and 
20 per cent methyl alcohol. 

In those studies concerning the solubility of lactose in calcium iodide 
solutions, it was revealed that the solubility increased rapidly with increas¬ 
ing concentrations of calcium iodide (chart 2). In a 40 per cent calcium 
iodide solution, about 82 parts of lactose are soluble in 100 parts of water. 
Greater concentrations of calcium iodide were employed in order to deter¬ 
mine whether or not at some higher concentration a complex analogous to 
the lactose-calcium chloride and lactose-calcium bromide compounds might 
be formed. Aqueous solutions of calcium iodide were prepared in concen¬ 
trations varying from 45 to 70 per cent. Lactose was added to these solu¬ 
tions in small increments until saturation at room temperature was reached. 
A small additional quantity of lactose was then added and the mixture 
warmed to effect complete solution. Upon cooling to room temperature 
crystalline precipitates appeared. Table 2 contains the tabulated observa¬ 
tions correlating the solubility of lactose and character of the crystalline 
material obtained from supersaturated solutions with the concentration of 
the calcium iodide solutions. 

TABLE 2 

Approximate solubility of lactose monohydrate in calcium iodide solutions and character 
crystals formed in supersaturated solutions 


Calcium iodide 
solutions 

Solubility of lactose 
monohydrate at room 
temperature 

Crystals formed in super¬ 
saturated solutions 

per cent 

gm. per 100 gm . water 


45 

100 

Alpha lactose 

50 

104 

< < a 

55 

120 

i i u 

60 

120 

il tl and compound 

65 

33 

Lactose-calcium iodide (prisms) 

70 

Less than 20 

tt tt it a ' 


It is evident that the deposition of the compound takes place at appro¬ 
priate concentrations of calcium iodide and lactose. The necessary condi- 
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tions for crystallization are a concentration of 65 per cent or more of calcium 
iodide, and lactose slightly in excess of its solubility at the existing salt con¬ 
centration. Successive batches of the compound were crystallized from the 
same mother liquor by maintaining the calcium iodide concentration at 65 
per cent or above and making further additions of lactose if crystals of the 
compound failed to appear on standing; likewise, the method used for the 
production of the other lactose-calcium halide compounds was employed, 
namely, that of adding equimolar quantities of halide and lactose in the 
amount equal to the weight of the compound removed by crystallization. 
Several lots of the compound have been prepared from solutions containing 
200 gm. alpha lactose, 350 gm. calcium iodide, and 200 gm. water. The 
product showed 52.2 per cent lactose, 5.81 per cent calcium, and 36.2 per cent 
iodine by analysis, which conforms to the calculated values of 52.2 per cent, 
5.81 per cent, and 36.8 per cent, respectively, to the constituent components 
of a compound, lactose• Cal 2 * 3H 2 0. 

The removal of excess calcium iodide from the crystals is of primary 
importance in the production of a satisfactory and stable material. Iso¬ 
propanol was found to be eminently suitable for this purpose as the crystals 
are only sparingly soluble in it. In practice it has been found that three 
washings with iso-propanol followed by the same number of washings with 
98 per cent ethyl alcohol produced clean crystals which could be readily 
dried and freed of alcohol at 70° C. in a vacuum oven. 

Table 3 shows some of the physical characteristics and properties of each 
of the lactose-calcium halide compounds prepared according to the methods 
described. 


TABLE 3 

Certain properties of lactose-calcium halide compounds 



Lactose • CaCl 2 • 7H 8 0 

Lactose • CaBr a • 7H a O 

Lactose * Cal 2 * 3H s O 

Specific rotation 

+ 32.6 

+ 28.3 

+ 27.4 

Melting point 

86-87° 

98° (softens) 

180° (decomp.) 

Solubility in 



water at 35°* 

52 parts 

69 parts 

86 parts 

Solubility in 

ethyl alcohol 

Insoluble 

Insoluble 

Very slightly soluble 

Solubility in 



ethyl ether 

Insoluble 

Insoluble 

Insoluble 


* Expressed as grains per 100 grams water. 


The successful crystallization and isolation of lactose-calcium halide 
compounds provides evidence in support of the hypothesis that the observed 
marked increase in solubility of lactose in the presence of these salts is due 
in reality to the formation of a complex more soluble than the lactose itself. 
Whether similar complexes are formed with lactose and other salts which 
cause an apparent increase in effectiveness for maintaining lactose in solu¬ 
tion, cannot be stated with finality on the basis of the data presented. The 
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evidence indicates that the separation, by differential crystallization, of such 
complexes as may be formed would involve definite knowledge and control 
of critical saturation levels of the lactose, salt and compound components of 
the multiple phase system. 

SUMMARY 

1. The solubility of latcose in solutions of twenty-four different salts has 
been determined. The comparative influence of the various salts places the 
ions in an order of arrangement conforming essentially to the series com¬ 
piled by Cooper based upon free energy values, and to the Hoffmeister 
series. 

2. The solubilizing effects noted are explained by postulating the forma¬ 
tion of complexes or compounds which are more soluble than the lactose 
itself. 

3. The lactose • CaCl 2 * 7H 2 0 compound previously reported has been 
prepared by simple means, and methods for preparing two other compounds, 
lactose • CaBr 2 • 7H 2 0 and lactose ■ Cal 2 * 3H 2 0, are described. 
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SOME OBSERVATIONS ON THE ERADICATION AND CONTROL 
OF BANG’S DISEASE 

W. N. PLA8TRIDGE, LKO F. RETTGER, and G. C. WHITE 
Departments of Animal Diseases and Dairy Industry, 

Storrs Agricultural Experiment Station, Stores, Connecticut 

Research on Band’s disease has been in progress at the Storrs Agricul¬ 
tural Experiment Station since 1913. 1 The ground work for our present 
program of control was laid by Rettger, White, McAlpine, Johnson, and 
Chapman. Their early researches yielded several important contributions 
to the fundamental knowledge of the diagnosis and control of Bang’s dis¬ 
ease, involving periodic blood testing and segregation and removal of in¬ 
fected animals. Of special value to such a program were their observations; 
(1) that calves, with rare exceptions, remain resistant to an established 
infection to the time they approach sexual maturity, (2) that, once the in¬ 
fection becomes established in adult individuals, over 90 per cent remain 
infected, and (3) that in no herd under observation was the disease eradi¬ 
cated, except by a program of periodic testing and removal of the positive 
animals. 

The earlier control experiments were limited to the University of Con¬ 
necticut herd and a small selected group of private herds. In 1925 the work 
was extended to include several additional herds. During the past 15 years 
the number of herds tested annually has increased from 27 to 624, the lab¬ 
oratory having become the official State Laboratory for Bang’s disease test¬ 
ing in 1931. As might be expected, expansion of the work has brought out 
new problems. 

In recent years the experimental part of the Bang’s disease project has 
been concerned with increasing still further the efficiency of the agglutina¬ 
tion test, establishing the true significance of negative, suspicious, and posi¬ 
tive reactions in different herds, determining the number of tests required 
to eradicate infection, determining the sources and extent of reinfection in 
negative herds, establishing the presence of infection in animals other than 
cattle, and seeking the cause of occasional abortions in Bang’s disease-free 
herds. 

THE AGGLUTINATION TEST 

The agglutination test has proved to be a strong weapon against this dis¬ 
ease. When properly carried out it detects infection in individuals in a 
herd with a high degree of accuracy. 2 While abortion is a common symptom 

[Received for publication January 12, 1940. 

1 Published in Storrs Agricultural Experiment Station Bulletins 93, 103, 108, 112, 123, 
125, 130, 135, 137, 153, 154 and 185. 

2 Attested to by the system of retesting the same animals repeatedly, and by the close 
correlation of the results of the agglutination test and of the complement fixation tests 
conducted on the same animals. 
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of Bang’s disease, some infected cows do not abort and some of those which 
do may eventually produce full-term calves. Moreover, abortions occasion¬ 
ally result from causes other than Bang’s disease. These facts make the 
agglutination method all the more important in the diagnosis of Bang’s 
disease. 

A significant factor that must be kept in mind in the practical use of the 
agglutination test is that a period of from one to six weeks, and occasionally 
longer, is required between the time Brucella abortus enters the body of a 
newly infected animal and the time the host becomes positive to the test. 
Therefore a negative reaction given by an animal in a herd undergoing in¬ 
creasing infection should not be regarded as conclusive evidence that the 
animal is free from infection at the time. 

Convincing evidence that a positive agglutination reaction is a reliable 
indication of infection with Br. abortus is found in the fact that herds from 
which reacting animals were removed have remained free from positive re¬ 
actors in repeated tests over periods as long as 13 years. If false positive 
reactors had been at all common these observations would not have been pos¬ 
sible. Furthermore, repeated tests on the same positive adult animal over 
periods of years have shown them to be consistently positive, except for an 
occasional reactor that returns to negative. 

The belief that an infected animal in advanced gestation becomes tem¬ 
porarily negative to the agglutination test seems to be without foundation, 
as has been shown by repeated tests on positive animals. However, from a 
practical standpoint there is reason to doubt the value of a negative test on 
animals near parturition time in known infected or untested herds. One 
reason is that animals in the later stages of gestation are particularly sus¬ 
ceptible to infection and may become infected at this time and calve between 
the time infection occurs and the time the blood test becomes positive. 

State and federal research workers have cooperated in the past few years 
in improving and standardizing the tube agglutination test. The standard 
tube test, when conducted by experienced persons and when made according 
to the accepted standard, yields remarkably consistent results, as the follow¬ 
ing pages will show. 

Consistency of Reactions in Repeated Tests . In the present Connecticut 
system, herds are frequently given a preliminary test to determine the num¬ 
ber of replacements needed before subjecting the herd to a federal test. The 
second or federal test is usually made from one to five months after the first. 

Of 938 animals in 31 infected herds, 206 reacted positively in the first 
test. In the second test 196 were positive, 6 suspicious and 4 negative. 
There was 95 per cent agreement. Available evidence indicates that the 
four animals which changed from positive to negative did so because they 
recovered from a light infection. Vaccination with dead or attenuated Br , 
abortus cells may also cause a temporary positive or suspicious reaction. 
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Of 665 animals in 19 negative herds, none reacted positively on retest; 
one gave a suspicious reaction and the remainder were negative. In this 
instance the agreement was 99.85 per cent. 

Recently blood from 15 suspicious and positive animals was tested in 
four official laboratories. The results obtained are of interest because they 
confirm previous conclusions that there is little disagreement between re¬ 
sponsible laboratories which employ the standard tube test. Ten of the 15 
samples were positive in all four laboratories. The remaining five were re¬ 
corded as suspicious by three of the four laboratories, while the fourth 
reported three samples as suspicious and two as positive. 

THE SUSPICIOUS REACTOR 3 

The very nature of all serological tests, as well as allergic reactions like 
the tuberculin test, is such that suspicious (partial) reactions must occur. 
They represent stages of transition from negative to positive in which the 
infection has been too recent or slow in establishing itself to produce suffi¬ 
cient agglutinins or sensitization to give a positive reaction to the test. 
Furthermore, some animals receive a light infection which is destroyed by 
the animal’s defensive mechanism and hence give a temporary suspicious 
reaction. The occasional animal that changes from positive to negative must 
likewise pass through an intermediate or suspicious stage. 

The proportion of suspicious reactors under our observation which gave 
positive reactions in subsequent tests varied materially from herd to herd. 

In herds which had been negative in previous tests and which possessed 
suspicious reactors later, the average number of suspicious animals that 
became positive on subsequent tests was 16.6 per cent. In infected herds 
having a slow spread of infection the proportion was 26 per cent, and in 
herds in which there was rapid spread 63.6 per cent became positive. The 
average incidence of suspicious reactions in a group of infected herds was 
about three times as great as in a group of herds that were negative as such 
in the previous test. This observation indicates that in the infected herds a 
majority of suspicious reactions were caused by Br. abortus. About half of 
these became negative on subsequent tests. 

Duration of Suspicious Reactions. In general, animals giving a suspi¬ 
cious reaction may be expected to give a stronger reaction within 10 to 14 
days, if the suspicious reaction is caused by an infection that becomes estab¬ 
lished; or a weaker reaction if the animal overcomes the infection, or if the 
suspicious reaction is not caused by Br. abortus. In rare instances an ani¬ 
mal may give a suspicious reaction over a period of years. Three such ani¬ 
mals have been observed by us. 

3 On the basis of extensive studies by numerous experiment stations and the Bureau 
of Animal Industry, a suspicious reaction may be defined as one in which agglutination is 
partial or complete in the 1 to 50 dilution of serum and negative or partial in the 1 to 100 
dilution. 
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SYNOPSIS OF SEROLOGICAL TESTS FOR BANG *S DISEASE CONDUCTED AT THE 
STORRS LABORATORY 

From July 1, 1925, to July 1, 1938, the number of samples tested an¬ 
nually increased from 2,373 to 42,700; the number of individual animals 
from 992 to 16,539; the number of herds from 27 to 624, and the number of 
herds passing one or more negative tests from 4 to 473. The number of 
herds passing two or more clean successive tests during the past fiscal year 
was 285. 

The average number of animals giving positive reactions in their initial 
tests during the period 1925-1938 constituted 18.4 per cent for all herds, and 
22.6 per cent for 686 herds which contained one or more positive animals at 
the time of the first test. When half of the suspiciously reacting animals 
are included, the results indicate that in Connecticut about 25 per cent, of 
the animals in herds tested for the first time are infected. 

PROBLEMS IN ERADICATION 

In the early work on Bang’s disease at the Storrs station attempts were 
made to control the disease in the college herd by sanitation and segregation 
of positive animals, and gradually replacing them with Brucella-free indi¬ 
viduals. Success attended these efforts for about three years, at the end of 
which several heifers reacted to the blood test and a new wave of Brucella 
infection ran through the barn. On the basis of this observation and of 
results obtained in other herds, the conclusion was reached that segregation 
of positive animals in the same barn or on the same premises, or on different 
premises having the same personnel, is usually inadequate to prevent 
further infection, and that early and complete removal of all reactors is an 
absolute essential. Through cooperation with state and federal authorities, 
this policy has been adopted and is now carried out in Bang’s disease control 
work on an increasingly large scale. 

Number of Tests Required for Eradication . In a large majority of herds 
under observation the number of tests necessary to eradicate infection under 
the plan which requires immediate disposal of positive reactors was surpris¬ 
ingly small, as the following figures on 149 different herds show. 

Herds requiring from 1 to 2 tests—64.5% 

44 44 44 3 to 4 44 —22.7% 

4 4 4 4 more than 4 44 —12.7% 

About 13 per cent of the herds that were found to be infected in the 
initial tests required more than the usual number of tests. In these the 
rate of spread of infection was rapid. Indeed, experience has shown that 
eradication is accomplished much more rapidly after, rather than during, 
the height of a so-called 4 ‘abortion storm . 99 

Results obtained during the past few years show that in the majority of 
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infected herds tests made at frequent intervals (30 days between tests) are 
more effective in eradicating Bang’s disease than tests made at longer inter¬ 
vals; and that the incidence of initial infection in any given herd does not 
necessarily bear any definite relation to the number of tests required to 
eradicate the infection. 

Possible Ways of Spread. Complete solution of the problem of prevent¬ 
ing the spread of infection requires further knowledge of the ways in which 
Br. abortus leaves the body of an infected animal, and by which it gains 
entrance and establishes itself in hitherto uninfected individuals. 

The organism may leave the body of an infected cow in the milk and in 
the discharge from the genital tract especially following calving. The pla¬ 
centa and fetus appear to be particularly dangerous sources of infection. 
Whether in the milk or uterine discharges, the infectious organism may pass 
to other animals in one or more of the following ways: By direct contact with 
the infected cow, afterbirth or fetus; through contamination of the floor and 
eventually the feed and water; by the infectious material becoming lodged 
on the tail and brushed across the face, especially the eyes; by the use of 
bulls on infected and noninfected heifers and cows; by being carried to the 
feed manger on the shoes of persons who have entered isolation stalls which 
house infected cows at calving time; and by being carried to the teats of 
cows on the hands of milkers or on the teat cups of the milking machine, and 
then gaining entrance through the teat canal or injured skin of the teat. 

The following sanitary measures should aid materially in preventing the 
spread of the disease in an infected herd: 

1. Prompt isolation of pregnant cows at the first indication of parturi¬ 
tion, and of all cows having an abnormal discharge from the genital tract. 
Calving animals should be kept in isolation until they have passed a negative 
test after calving. Pans of disinfectant should be placed at the entrance 
of the stalls occupied by isolated cows, and used freely by attendants. 

2. Daily washing of the flanks, vulva and tail with a strong soap solution, 
followed by treatment with a disinfectant solution such as 1 per cent Liquor 
Cresolis Compositus or a 0.5 per cent solution of Phenolor (Squibb). 

3. The rinsing of milkers’ hands or teat cups of the milking machine 
with hypochlorite solution, containing about 300 parts per million of active 
chlorine, between individual milkings. 

4. Blood testing at intervals of 30 days. 

5. Immediate removal of both suspicious and positive reactors. 

MAINTENANCE OF NEGATIVE HERDS 

Eradication of Bang’s disease from a given herd is only part of an effec¬ 
tive control program. Once eradication has been accomplished the herd 
must be protected against new infection. 

As long as infected herds exist in a given community there is a possibility 
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of reinfection from contact with infected animals on adjoining farms as the 
result of members of either herd becoming unconfined. However, the 
danger of reinfection from outside sources may be reduced to a very low 
minimum if owners will familiarize themselves with the basic principles of 
the agglutination test, ways in which new infection may gain entrance, and 
the present official system of eradication and control. 

The incidence and possible circumstances attending reinfection in herds 
which have passed several negative tests have been made objects of special 
study in herds which have been under observation for periods of from 2 to 
13 years. 

Incidence of Infection in Reinfected Herds . Of 218 herds under obser¬ 
vation for periods of from 2 to 13 years following initial negative tests, 67 
became reinfected. In 26, or 38.8 per cent of the reinfected herds, the num¬ 
ber of new reactors was only one; in 52, or 77.6 per cent, the number was 
five or less, and in 9, or 13.5 per cent, it was 10 or more. When we consider 
the high percentage of infected herds in Connecticut and the fact that dur¬ 
ing all of these years the control work was conducted on a more or less ex¬ 
perimental basis, the number of “breaks” was not at all discouraging. 
Furthermore, new infection was limited to one or two animals in about half 
of the reinfected herds which were tested at regular intervals of six months. 

Number of Tests Required to Eradicate New Infection. Of 65 herds 
which had one or more new reactors, 29 were found to be entirely negative to 
the first test following detection and removal of the newly infected animal 
or animals; nine additional herds were negative in the second herd test, 
seven in the third, seven in the fourth, and two in the fifth test. Eight 
herds required from six to ten tests, and three more than ten. 

Probable Sources of Reinfection. An effort was made to determine the 
probable source of reinfection in 39 herds which had been negative to the 
blood test. Information obtained indicated that- the most common cause of 
reinfection was association with infected cattle, as, for example, new addi¬ 
tions to the herd and neighbors’ animals with which contact was made 
through inadequate or broken pasture barriers. 

The majority of additions that were responsible for reinfection were 
recently infected cows which came from untested or infected herds and 
which were negative at the time of purchase. 

In two herds bulls which had been negative when brought in subse¬ 
quently reacted positively, along with cows which they had served. In 
another herd a positive bull was bred to negative cows, which subsequently 
reacted to the blood test, as did several others in the herd. 

Two herds were reinfected after a cow in estrum had broken through a 
barrier and mingled with infected cattle, and two were reinfected after cows 
from outside herds had broken into the enclosure of negative cattle. 

Pasturing heifers from negative sources with those from untested herds 
accounted for two “breaks.” 
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Available evidence indicated that two “breaks” were caused by associa¬ 
tion with infected horses, and one by the presence of infected swine on the 
premises. 

It appeared that in 11 instances infection was carried into the dairy 
barn by persons coming directly from infected herds. 

No information was obtained on eight herds. 

BR. ABORTUS INFECTION IN ANIMALS OTHER THAN CATTLE 

Nine of 104 blood samples from swine and 13 of 100 samples from horses 
reacted positively to the test. All of 162 samples from 20 herds of goats, two 
from deer, two from cats, and one from a dog were negative to the agglutina¬ 
tion test for infection with Br. abortus. 

ABORTIONS IN BANG’S DISEASE-FREE HERDS 

Occasional abortions are known to occur in herds which have passed 
several negative tests for Bang’s disease. Under such conditions the ques¬ 
tion naturally arises whether the abortion resulted from Bang’s disease or 
some other cause. Since 1932 bacteriological examinations have been made 
on fetuses and placental material from 36 aborting cows in 24 herds which 
were free from Bang’s disease, as indicated by two or more previous herd 
tests. The suspected yiaterial was examined for the presence of Br. abortus 
by cultural methods # and by guinea pig inoculation. Bacto Tryptose agar 
prepared with 1 to 700,000 gentian violet, liver infusion agar, and blood 
agar plates were inoculated with the suspected material. The inoculated 
media were incubated at 37° C. in an atmosphere which contained 5 per 
cent carbon dioxide. The plates were examined after 3 and 5 days. Cul¬ 
tures were prepared from Brucella-like colonies and examined for morpho¬ 
logical and cultural characteristics and for evidence of a serological relation 
to Br. abortus. Isolations for study were also made from other types of 
colonies which occurred either in significant numbers or resembled those of 
known pathogenic bacteria. 

Br. abortus was not obtained from any of the 36 specimens from herds 
which had previously passed two or more negative tests, and the herds 
involved were free from positive reactors on subsequent tests. 

Bacteriological tests hnade on a fetus from an animal in a herd which 
had passed only one negative herd test yielded Br. abortus. In this instance 
the cow which aborted gave a negative blood test two weeks previous to the 
abortion and a positive reaction when tested one week after the abortion. 
The results show that the aborting animal was recently infected, and that the 
abortion occurred during the period between the time of infection and the 
development of a positive reaction. The herd in question is a good example 
of the importance of prompt isolation of animals which abort and of not 
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returning such animals to the herd until they pass a negative blood test made 
from one to two weeks after parturition. 

Bacteriological tests on the 36 specimens of fetuses and placental mate¬ 
rial in which Br. abortus was not present revealed streptococci distinct from 
Streptococcus agalactiae in 8 specimens; diphtheroids, the majority of 
which were identified as Cory neb act erium pyogenes , were obtained from 8, 
hemolytic coagulase positive staphylococci from 6, Pseudomonas pyocyanea 
from 1, a monilia-like form from 1, and coliform organisms from 2. No bac¬ 
teria were obtained from 10 fetuses. 

Some recent observations indicate that the diphtheroids and staphylo¬ 
cocci obtained from aborted fetuses in Bang’s disease-free herds are iden¬ 
tical with similar organisms obtained from pus from the uteri of several 
cows affected with metritis. Consequently, it appears that uterine infec¬ 
tion with bovine pyogenic bacteria may result in either sterility as a result 
of severe metritis or, if pregnancy occurs, in abortion. Abortion associated 
with pyogenic bacteria is not limited to Bang’s disease-free herds. The 
availability of herds free from Bang’s disease greatly facilitates studies on 
bovine genital diseases due to causes other than Br, abortus. 

SUMMARY 

During the period 1925-1939, the number of cows’ blood samples tested 
annually increased from 2,373 to 42,700; the number of herds from 27 to 
624; and the number of herds passing one or more negative tests from 4 to 
473. 

The average incidence of infection observed in infected herds at the time 
of the initial tests was found to be about 25 per cent. 

The average number of suspicious reactors that became positive was 16.6 
per cent in herds which were negative in the preceding test; 26 per cent in 
herds in which spread of infection was slow; and 63.6 per cent in herds in 
which spread of infection was rapid. 

Of 149 infected herds, 64.5 per cent required from one to two tests for 
eradication; 22.7 per cent required from three to four, and 12.7 per cent, 
more than four tests. 

The principal source of reinfection was found to be association with in¬ 
fected animals, either as the result of adding cows or bulls from untested 
or infected herds, or of animals breaking into or out of pasture. Associa¬ 
tion with infected horses or swine accounted for several “breaks,” and in 
some instances available evidence indicated that infection resulted when 
people went directly from infected to negative herds. 

Bacteriological examinations of fetuses and placental material obtained 
from 36 aborting cows in 24 herds which were free from Bang’s disease, as 
shown by the standard tube agglutination test, were all negative for Bru¬ 
cella abortus. 
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Ill general, available information indicated that “breaks” are prevent¬ 
able. In about half of the reinfected herds, regular six-month retests 
detected new infection before it had a chance to spread to more than one or 
two animals. 

At the present time many negative herds exist on farms which adjoin 
farms on which there are untested or known infected herds. As the eradica¬ 
tion program progresses and sources of new infection are eliminated the 
number of “breaks” from these sources may be expected to decrease 
materially. 




THE VITAMIN A REQUIREMENTS OP DAIRY COWS FOR THE 
PRODUCTION OF BUTTERFAT OF HIGH VITAMIN A 
VALUE. I. ARTIFICIALLY DRIED ALFALFA 
HAY (CAROTENE) 1 

J. W. WILBUR, J. H. HILTON, and S. M. HAUGE 

Departments of Dairy Husbandry and Agricultural Chemistry , Purdue University 
Agricultural Experimental Station, Lafayette, Indiana 

Numerous investigations (1-8) have shown that the vitamin A potency of 
milk fat is dependent upon the diet fed the cow. Several investigators (9- 
13) have also studied the vitamin A requirements of cattle with respect to the 
well being of the animal itself. Comparatively few investigations, however, 
have been conducted to determine the vitamin A requirements of dairy cattle 
for the production of milk fat of high vitamin A activity. Fraps, Copeland 
and Treichler (14) observed that when lactating cows were restricted to 17,- 
000 vitamin A units daily from yellow corn the vitamin A potency of the 
milk fat decreased from 38 to 16 units in four weeks. These workers also 
found that feeding 116,000 vitamin A units daily failed to maintain the vita¬ 
min A potency of the milk fat. Later the same investigators (15) found that 
340,000 dailj r unit intake failed to maintain the vitamin A potency of the 
butterfat and estimated that from 750,000 to 1,400,000 Slierman-Muusel units 
were needed daily by cows to produce butterfat of high vitamin A value. 
Atkeson and associates (16) concluded that butterfat secreted by dairy eow f s 
fed a ration containing 1,000,000 international units of carotene daily was 
typical of grass produced butter. Increasing the carotene intake to approxi¬ 
mately 6,000,000 units daily resulted in practically no change in the carotene 
and vitamin A content of the butter. 

EXPERIMENTAL 

The general plan of procedure in these experiments has been to decrease 
the vitamin A potency of the milk fat to a low level by feeding the cows vita¬ 
min A deficient diets, and then determine the number of vitamin A units 
required daily by the cows to bring the vitamin potency of the milk fat back 
to a high level. The vitamin A deficient ration was composed of beet pulp, 
and a grain mixture of white corn, oats and linseed oil meal. The principal 
source of vitamin A in the repletion rations was artificially dried alfalfa hay. 
Two separate experiments similar in nature have been completed. 

EXPERIMENT I 

Two Guernsey cows w T ere used in this feeding experiment. They were 

Received for publication January 12, 1940. 

i Published with the approval of the Director of the Purdue University Agricultural 
Experiment Station. 
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in the early stage of lactation at the beginning of the feeding trials and con¬ 
tinued in normal milk flow throughout the experiment. The cows were fed 
the vitamin A deficient diet until the vitamin A potency of the milk fat had 
dropped to a low level (12 units). At this point, one, two, three, five, eight 
and twelve pounds of artificially dried alfalfa hay of known vitamin A value 
were added to the ration in successive 21 day feeding trials. Twenty-one 

TABLE 1 


Showing the vitamin A requirements of dairy cows when dehydrated alfalfa hay ( caro * 
tene ) was the source of vitamin A activity of the ration ( 1985-1986) 


Period No. 

Vitamin A supplement* j 

Vitamin A butter 
(unitB per gram) 

A.D. alfalfa hay 
(lb. daily) 

Unit intake 
(000) 

1 . 

None 

None 

12 

2 . 

1.0 

75 

12 

3 . 

2.0 

150 

12 

4 . 

3.0 

225 

n 

5 . 

5.0 

375 

19 

6 . 

8.0 

600 

31 

7 . 

12.0 

900 

30 


* Ration consisted of beet pulp and a grain mixture consisting of 400 lb. white corn, 
200 lb. oats, and 150 lb. linseed oil meal. 


day feeding trials were used because previous studies (17) had shown that 
the major change in the vitamin A activity of milk fat resulting from a 
change in diet takes place during the first fifteen days. 

Representative samples of milk were collected from each cow during the 
last four milkings of each period, the cream separated and churned into but¬ 
ter. Each sample of butter was then subjected to biological assays for vita¬ 
min A potency. The results of these assays are expressed in Sherman and 
Munsel vitamin A units (18), 

TABLE 2 


Showing the vitamin A requirements of dairy cows when dehydrated alfalfa hay ( caro¬ 
tene) was the source of vitamin A activity of the ration {1986-1037) 


Period No. 

Vitamin A supplement 

Vitamin A butter 
(units per gram) 

A.D. alfalfa hay 
(lb. daily) 

Unit intake 
(000) 

1* . 

(check) 

Not determined 

33 

2t . 

None 

None 

14 

3t . 

1.0 

67 

15 

4t . 

3.0 

201 

15 

Bt . 

5.0 

355 

25 

6t . 

8.0 

536 

29 

7t . 

12.0 

804 

31 


* Ration consisted of alfalfa hay, silage and a grain mixture consisting of 400 lb. 
yellow corn, 200 lb. oats, and 100 lb. linseed oil meal. 

t Ration consisted of beet pulp and a grain mixture consisting of 400 lb. white corn, 
200 lb. oats, and 100 lb, linseed oil meal. 
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EXPERIMENT II 

Two Guernsey cow t s were used in the feeding experiments of the second 
trial which was essentially a duplication of the first trial. These cows were 
also in the early stage of lactation at the beginning of the experiments and 
continued in normal production throughout the tests. 

The feeding schedule and the biological assays of the hays and butterfat 
for the two experiments are shown in tables 1 and 2 and figure 1. 



VITAMIN A UNITS PER DAY 

Fig. 1. The vitamin A potency of the butters produced by cows when fed different 
levels of vitamin A (dehydrated alfalfa hay). 

DISCUSSION 

In these experiments, the criterion for the measurement of the vitamin A 
requirements of dairy cows for the secretion of milk fat with maximum vita¬ 
min A value is based upon the supposition that cows are not able to secrete 
butterfat of maximum vitamin A value until the optimum requirements for 
maintenance and production have been satisfied. Since the vitamin A value 
of butterfat secreted by the cow is dependent on the ration fed the cow, it is 
apparent that whenever cows secrete butterfat of low vitamin A value, this 
is indication of an inadequate supply of available vitamin A in the ration. 
Furthermore, if more potent butterfat is produced upon increasing the vita¬ 
min A intake, this would also indicate that the vitamin supply had been 
inadequate. Only when further additions to the rations give no further 
response in the potency of the butter, is there any assurance that a point of 
saturation has been reached. Thus, the minimum vitamin A potency of the 
ration which will produce the maximum effect upon the milk fat secreted 
should prove to be the minimum vitamin A requirement of the cow for the 
secretion of milk fat of high vitamin A value. 

As shown in tables 1 and 2 and in figure 1, the vitamin A value of the 
milk fat secreted by the cows was reduced to relatively low levels by feeding 
a ration deficient in vitamin A. In successive feeding periods, the addition 
of various amounts of vitamin A (carotene) up to 225,000 units per day 
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did not result in any appreciable repletion but was capable only of main¬ 
taining a vitamin A level equivalent to that of the preliminary depletion 
period. Not until a daily intake of over 300,000 units was introduced into 
the ration was a significant increase apparent in vitamin A potency of the 
milk fat. This repletion continued with successive increases of vitamin A 
in the ration until a saturation was reached at approximately 550,000 units 
per day as evidenced by the restoration of the high potency of the milk fat. 
Additional vitamin A'units in the ration failed to produce a significant in¬ 
crease in the milk fat. In these studies the vitamin A requirements of the 
cows to produce milk of high vitamin A value is somewhat less than that 
suggested by Fraps and co-workers (15). 

In these experiments, the source of vitamin A was the carotene in arti¬ 
ficially dried alfalfa hay. The alfalfa was harvested in the tenth-bloom 
stage and was of excellent quality. The vitamin A values of these hays 
were determined by biological assays. Although there was some difference 
in the vitamin values of the hays, there was a close correlation between the 
vitamin A intake and the vitamin A value of milk fat secreted in the two 
experiments. This would indicate that the utilization of the carotene in the 
hays of these experiments was approximately the same. However, it is to 
be recognized that the carotenes in various feeds or even vitamin A per se, 
may be utilized with different degrees of efficiency. The type of hay, the 
fertility of the soil, the maturity of the plants, the methods of preservation 
may influence the availability of the vitamin. 

SUMMARY 

1. Two feeding experiments have been completed to determine the mini¬ 
mum vitamin A requirements of dairy cows for the production of butter 
with maximum vitamin A value. 

2. Artificially dried alfalfa hay was used as the source of vitamin A 
(carotene). 

3. Under the conditions of these experiments, it was found that dairy 
cows required approximately 550,000 vitamin A units daily to restore the 
vitamin A potency of the milk fat to its highest value. 
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THE THIRTY-FIFTH ANNUAL MEETING OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 

R. B. STOLTZ 
Secretary-Treasurer 

The American Dairy Science Association was called to order by President 
E. S. Guthrie, in the Purdue Memorial Union Building at Purdue Univer¬ 
sity, on Tuesday, June 25, at 9: 30 a.m. for the thirty-fifth annual meeting. 

The program printed in the June issue of the Journal, of Dairy Science 
was prepared by the Program Committee. The June issue also contains the 
abstracts of the papers presented. 

Dr. E. C. Elliott, President of Purdue University, was introduced by 
Past President H. W. Gregory, and delivered the address of welcome. Presi¬ 
dent Guthrie then gave the following response: 

“We thank you, President Elliott, for your cordial welcome. Already 
we are enjoying the happy spirit of hospitality of your campus. The men 
and women, who have charge of the buildings, seem to know exactly how to 
make us comfortable. We have known your dairy staff as enthusiastic col¬ 
leagues in dairy science. We are now recognizing in them the ideal qualities 
of hosts, and we admire the splendid assistance of their wives. 

“This is the second year that our Association has held its annual conven¬ 
tion in Indiana. The first one was in Indianapolis at the time of the National 
Dairy Show in 1925. We are happy to return,—this time to enjoy* the fine 
accommodations of your facilities here at Purdue University. ’’ 

President Guthrie then introduced Dr. Paul F. Sharp, of Cornell Uni¬ 
versity, who responded by a most interesting discussion of the milk fat 
globule. 

THE MILK FAT GLOBULE 

PAUL F. SHARP 

Cornell University , Ithaca, New York 

President Guthrie, President Elliott, members of the American Dairy Sci¬ 
ence Association, and ladies: 

I have a very small hut to me a very interesting subject. The fat in milk 
is present in the form of little spheres about one ten-thousandth of an inch 
in diameter. The small size of the subject does not preclude, however, the 
use of large, perhaps incomprehensible numbers. In the beginning I wish 
to tell you that I am full of my subject as a speaker should be, having had 
15 hundred billion fat globules for breakfast. In other words, I drank a 
glass of milk. If fat globules were dollars, 12 cc. would pay the national 
debt as it stood two weeks ago. Women can count money faster than men 
and it is estimated that a woman can count one million one dollar bills in a 
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month. If the fat globules were dollar bills it would take 1000 women 321 
years to count the fat globules in a quart of milk. There are more fat glob¬ 
ules in 1 cc. of milk than there are people living on the earth today. Cows 
in the United States produce each year 1.67 x 10 23 fat globules. The Depart¬ 
ment of Agriculture and Dr. Campbell have not yet undertaken the task of 
supplying data on milk produced by other sources. If all of the fat in the 
globules of cows milk produced each year in the United States were brought 
together in one mass it would yield a cube 137 yards each way. Small as the 
fat globules are, and tremendous as are their numbers, yet to visualize rela¬ 
tive magnitudes, it is interesting to note that there are as many atoms in 3.3 
grams of carbon as there are fat globules produced in cows milk in the 
United States each year. 

If the fat globules in one quart of Guernsey milk were laid end to end 
they would form an invisible thread of beads 5860 miles long. The thread 
would be 20 miles shorter if Holstein milk were used. 

The fat globules in a quart of Guernsey milk have a total surface of 1050 
square feet, and of Holstein milk 880 square feet. A quart of milk contains 
about 40 ec. of fat. If one were required to paint the surfaces of the fat 
globules in one quart of milk, one gallon of paint would not be sufficient. 
The cow is, however, a much more efficient painter; she coats the surface of 
these fat globules and uses only 0.25 gram of material, or an amount equiva¬ 
lent to about 5 drops of the kind of coating the cow puts on them. 

It may be of interest to students of milk secretion that on the average a 
quart of Guernsey milk contains about the same number of fat globules as 
does a quart of Holstein milk. This indicates that the milks differ not so 
much in number of fat globules secreted as in their size. 

Composition of the fat 

Milk fat is rather unique among natural fats in that the glycerides pres¬ 
ent are esters formed from such a variety of fatty acids. Milk fat contains 
from 8 to 14 different fatty acids fastened to glycerine in various possible 
combinations of one, two or three acids. Working out the various combi¬ 
nations of three acid molecules fastened to one glycerine molecule, several 
hundred different kinds of molecules are possible in milk fat. No one knows 
how many different kinds of molecules are actually present. The average 
fat globule contains 10 billion molecules of fat. 

The melting point of the fat is often reported as a characteristic physical 
property, and it is defined as the temperature at which the last crystal of fat 
disappears upon warming. Actually, the rate of warming exerts some influ¬ 
ence upon this melting point. However, the definition would also hold for 
the formation of a solution. If we took a mixture of different crystalline 
sugars and water and warmed the mixture, we would find a temperature at 
which the last crystal of some one of the sugars would disappear. Ordi- 
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narily, this would not be a true melting point but would be called the tem¬ 
perature of solution or perhaps of saturation. Often it is not appreciated 
that the so-called melting point of milk fat is similar to the solution of the 
hypothetical mixture of sugars. Fat fractions can be separated from milk 
fat which do not melt until a temperature of 60-70° C. is attained, while 
these same materials when present in their normal milk fat environment 
disappear as solid phase when a temperature of 35° C. is reached. Also 
fractions can be separated which do not crystallize after holding for months 
at 0° C. Thus this so-called melting point of milk fat is the temperature at 
which the most insoluble fat fraction dissolves in the solution of glycerides. 

Many factors affect the relative proportions of fatty acids present in milk 
fat. The most commonly mentioned factors are the feeding of oil products 
-which tend to increase the proportion of oleic acid and yield a softer milk 
fat. Dry feeds are more common in winter than in summer and less oleic 
acid is usually present in winter fat than in summer fat. Starvation has 
been shown to increase greatly the oleic acid content of milk fat. 

The so-called color of milk fat is of considerable commercial importance. 
The color is not due to colored glycerides but to the presence of carotene dis¬ 
solved in the fat. Carotene is the precursor of vitamin A and from the 
nutritional standpoint its presence or the presence of vitamin A in the fat 
is very desirable. In general, yellow market milk is preferred. It has a 
sales appeal because yellow 7 color has been associated with high fat content. 
The yellow color of whole milk is due to three factors—the amount of caro¬ 
tene pigment in the fat globules, the size of the fat globules and the amount 
of riboflavin in the water phase. With the same amount of carotene in the 
fat and the same amount of fat in the milk, milk containing the large fat 
globules will appear more yellow to the eye than milk containing small fat 
globules. Definite statistical breed differences in the color of milk fat have 
been demonstrated; the Guernsey milk fat tends to contain more carotene 
than the Holstein milk fat whereas, Holstein milk fat contains more pre¬ 
formed colorless vitamin A. However, no milk fat would be colored yellow 
unless carotene were supplied to the cow in the feed. 

Under one set of conditions, at least, the yellow' color in the milk fat is 
considered objectionable. Consumers seem to prefer a butter of average 
yellow color. If the yellow 7 color is too intense, as occurs particularly in 
butter made from Jersey and Guernsey milk when the cows are on rich 
spring and summer pasture, consumers object because they think the butter 
is artificially colored. In certain markets sale of this butter is difficult and 
ways of decolorizing it or of destroying the carotene have actually been 
considered. 

Physical state of the fat 

The great variety of fat molecules present in the globules, as w 7 ell as many 
other related observations, indicate the desirability of specific knowledge as 
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to the physical state of the fat in the fat globules under a variety of condi¬ 
tions. Information as to the physical state of the fat when the temperature 
of pure fat in a beaker is altered does not give this desired information, for 
the reason that great lags occur in the adjustment of the physical state of 
the fat to a new environmental condition. For example, if liquid fat is 
being cooled the presence of a few crystals in the beaker by seeding induces 
the crystallization of fat throughout the whole beaker. When fat is present 
as fat globules the appearance of a crystal in one fat globule exerts no seed¬ 
ing effect on the fat in any other globule. Consequently the lag in adjust¬ 
ment of the physical state of the fat when suspended as fat globules is very 
much greater than the lag in adjustment of the physical state of the fat when 
present in a beaker. 

The information as to the actual physical state of the fat in the globules 
must be obtained by indirect methods. The two most successful methods are 
change in specific heat and change in specific volume. Studies of this type 
indicate that at least four hours must pass before cooled fat even approaches 
an equilibrium state. The experiments also indicate that it may take months 
for the final adjustment to be reached. Within the solidifying zone it is not: 
sufficient to state the temperatures of milk and cream in order to define their 
properties. The previous temperature-time history through which these 
products have passed prior to reaching the temperature exerts a profound 
influence on the properties of the products. A few of the numerous illus¬ 
trations of this effect will be mentioned. 

Lactometer readings 

The density or lactometer reading of milk used in conjunction with the 
fat content for the calculation of total solids is carried out at a standard 
temperature of 60° F. (15° C.). It may make a difference of 1 or more lac¬ 
tometer degrees (0.001 in specific gravity) whether the milk was cold milk 
warmed to 60° or heated milk cooled to 60°. Because the lag in adjustment 
of the physical state of the fat is greatest near 60° F. a more unsatisfactory 
temperature for making this density reading could not have been found. If 
the milk is previously warmed to about 45° C. (113° F.) and then cooled to 
30° C. and the density determinations made at 30° C. (86° F.) the fat will 
be present in only one physical state—the liquid state. We are only certain 
of the density of fat when it is in the liquid state. 

Centrifugal cream separation 

Aside from the mechanical construction of the separator and the rate of 
flow of milk through it, the properties of the milk affect the movement of the 
fat globules through the plasma phase under centrifugal force. These prop¬ 
erties are: first, the viscosity which decreases as the temperature increases ; 
second, the difference in density between the fat globules and the plasma 
phase which increases with temperature; and third, the size of the fat glob- 
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ules which increases on warming and decreases on cooling. These factors 
are not linear functions of temperature. The relationship of these factors 
is such that increasing the temperature in the low temperature range—that 
is, between 0 aiul 25-30° C.—increased the effective force of separation by 
about 33 per cent for each 5° C. increase in temperature. In the range from 
40-45° C. on up, the effective force is increased by only about 10 per cent. 
Thus, there is a sharp bend in the curve indicating that warming is markedly 
beneficial in the separation of milk up to a temperature in the neighborhood 
of 40° C. or 100° F. 

In late years, there has been a tendency to use lower and lower tempera¬ 
tures of separation, because more viscous cream is obtained. The better 
body probably results from the absorption of the agglutinin on the fat glob¬ 
ules in the low temperature range. The fat lost in the skimmilk, when milk 
is separated at an intermediate temperature, in the neighborhood of 70-80° 
F., is influenced by the previous temperature history of the milk. The fat 
loss in the skimmilk is less on milk which was previously warmed and cooled 
to this temperature for separation because the fat will be in a more liquid 
state, thus maintaining a greater difference in density between the fat and 
the plasma and because the fat globules in the liquid state are larger than 
the fat globules in the solid state. The conditions would be reversed in the 
case of cold milk warmed to the same temperature for separation. 

Another interesting observation relating to temperature of separation 
was found as a result of preheating milk to a series of temperatures previous 
to separation at 100° F. Samples of milk were pasteurized for 30 minutes 
at temperatures up to 176° F. (80° C.). These samples were then cooled to 
100° F. and the milk was separated immediately. The fat content of the 
cream increased progressively as the temperature of pasteurization increased. 

Churning 

The physical state of the fat exerts a profound influence upon churning. 
Normal churning occurs only when the fat in the fat globules is in the part 
solid, part liquid state. At low temperatures (50° F. or below) the fat is 
essentially solid and churning does not occur. At temperatures above 100° 
F. the fat is almost completely liquid and again churning does not occur. 
The churning time between these two temperature zones depends upon the 
relative proportions of solid and liquid fat and whether or not liquid fat 
globules are cooled into the churning zone or solid fat globules are warmed 
into the chur nin g zone. The shortest churning time is not obtained at the 
same temperature when approached from these tw*o different directions. It 
occurs at lower temperatures for the previously liquid fat and at higher 
temperatures for the previously solid fat. The properties of the butter and 
the fat lost in the buttermilk are also influenced by the proportion of solid 
and liquid fat at churning time. 
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Incidentally, the presence of casein in the cream exerts a profound influ¬ 
ence on the churning time. If the casein is in a precipitated state, as in sour 
cream or cream to which rennet has been added, the churning time is rela¬ 
tively short as compared with that for cream in which the casein is hydrated 
and highly dispersed. Another interesting point is shown by the effect of 
acidity on the churning of washed cream. Within the practical range, the 
more acid the normal cream the shorter the churning time, but in the case of 
washed cream, that is cream in which the plasma phase has been replaced by 
water and thus casein is absent and only the materials on the surface of the 
fat globules remain; the more acid the washed cream down to pH about 4.3, 
the longer the churning time. 

Lipolysis 

Ordinarily, we consider that the increase in acidity of milk and cream is 
due to the production of acids by the growth of bacteria, but under certain 
conditions the acidity of the milk and cream increases definitely in the 
absence of any appreciable number of bacteria. For a while it was thought 
that this increase w r as due to the action of bacteria which had not been de¬ 
tected in the milk, but it is now generally accepted that this increase in 
acidity is a result of hydrolysis of the milk fat by enzymes with the liber¬ 
ation of the free fatty acids, and it is these free fatty acids which cause the 
increase in acidity. In raw cream held below 40° F. this increase in acidity 
may amount to 0.05 per cent expressed as lactic acid, in 24 hours. In addi¬ 
tion to this difference, detected chemically by the increase in acidity, the 
presence of the free fatty acids gives to milk and cream an undesirable odor 
and taste, often described as bitter, butyric acid or rancid. 

Much work has been done on the conditions affecting the lipolysis of milk 
fat. It has been found that if cream is to be separated from milk, particu¬ 
larly to produce viscous cream in winter, it is advisable to warm the milk to 
about 120° F., then cool it to the separation temperature of about 70-80° F. 
When this is done, the cream shows relatively little lipolytic activity as com¬ 
pared with cream separated from cold milk warmed to the separation tem¬ 
perature. Tests show that lipase is present in both creams but in one it is 
inactive. This result indicates that the previous temperature treatment of 
the milk has a profound effect on lipolytic action in the cream separated 
from it. It has been shown very clearly that when cold milk is warmed to 
30° C. and then cooled to some low temperature, the lipolytic action is very 
much greater when compared with milk which has not been subjected to this 
cooling, warming and cooling or has been cooled and warmed to any higher 
or lower temperature. The term * ‘ temperature activation” has been applied 
to this process. 

It has been shown that the normal fat globules of milk or cream show 
greater lipolytic activity the lower the temperature of holding. This is par¬ 
ticularly true in regard to cold milk heated to 30° C. and recooled to a series 
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of temperatures. Thus, fat globules with natural surfaces show a negative 
temperature coefficient of lipase action. In other words, the lower the tem¬ 
perature the greater the increase in activity. This is contrary to the ex¬ 
pected effect of temperature on enzyme action, and is the only case of a 
negative temperature coefficient of enzyme action of which I am aware. 
This negative temperature coefficient is confined to fat globules having the 
natural surfaces. If milk fat is reemulsified in skimmilk to produce milks 
or creams containing fat globules of approximately normal size, the tempera¬ 
ture coefficient of lipase action is positive—that is, the higher the tempera¬ 
ture the greater the lipolytic action. Furthermore, such resurfaced fat 
globules show no additional activation effect upon warming and cooling. 
The mere resurfacing of the fat globules serves as an activation mechanism. 
The fat does not need to be removed from the milk in order to resurface and 
activate the lipase, but it can be resurfaced and activated by homogenizing 
the milk or cream. 

The concentration of substrate, that is, the percentage of fat in the milk 
or cream has been found to influence the character of lipase action. When 
raw products containing increasing amounts of fat were temperature acti¬ 
vated, it was discovered that with an increase in fat up to about 6 to 8 per 
cent, the water phase increased in titratable acidity up to about 0.05 per cent 
expressed as lactic acid, and that no further increase in acidity of the water 
phase occurred at higher fat contents. Up to about this same fat content, 
the acidity of the fat per unit of fat increased, and from this point on de¬ 
creased, although the titratable acidity of the total fat present increased 
with the increase in the amount of fat in the cream. This indicates that the 
lipase action on glycerides containing the short chain fatty acids which are 
soluble in water is stopped by the accumulation of the fatty acids in the 
water phase, but that the lipase continues to hydrolyze the fats of the longer 
chain acids—acids which do not dissolve in the water but remain in solution 
in the fat . . . until these also accumulate to an amount sufficient to stop 
the action. This points to studies on the reversibility of lipase action and 
the selective hydrolysis of the various glycerides of milk fat by the same 
enzyme system under conditions varying principally in respect to the con¬ 
centration of substrate and ratio of water to fat phase. 

The specific surface properties of the fat globules exert a profound effect 
upon the rate of lipolytic action. This was demonstrated by experiments 
with re-mixed milks. Skimmilks from a number of individual Jersey and 
Holstein cows were used. The lipase resides in the skimmilk or water phase. 
Two series of skimmilks, one series obtained from Jersey cows, the other 
from Holsteins, were used. The same cream was added to both series. We 
thus had two sets of samples, each set containing the same amount of the 
same fat and of the same kind of fat globules. We would expect the lipo¬ 
lytic action in the two sets of samples to be directly parallel and comparable. 
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This was not the case, indicating rather specific properties of the surfaces of 
the fat globules. 

The acids liberated by lipolysis of milk fat exert an effect upon salt equi¬ 
librium, surface tension, foaming, and churning. The fatty acids liberated 
lower the surface tension and tend to create a stable, soap-like foam. Due 
to the formation of soaps in the water phase, this type of foam structure 
interferes seriously with churning. From the practical standpoint, the high 
lipolytic activity of the milk from cows in advanced lactation pronouncedly 
retards churning and often milk or cream in winter is pasteurized as soon as 
possible in order to inactivate the lipase and overcome this difficulty. 

Gravity creaming 

The mechanism of gravity creaming has long intrigued investigators. 
An early explanation was that when the milk was cooled the density of the 
water phase increased, while the increase in density of fat showed a lag, and 
it was thought that this increase in the difference in density caused gravity 
creaming. An idea along somewhat similar lines was that when milk was 
cooled the heat liberated by the solidifying fat globules caused the rising of 
the cream. Another explanation was a sort of a swarm theory, the idea 
being that the large fat globules overtook others and formed a swarm, thus 
creating a greater unit size, resulting in the rapid rising. It has of course 
been observed that Jersey milk gives deeper cream layers than Holstein milk, 
and that fat globules in Jersey milk are larger than the fat globules in Hol¬ 
stein milk. These two variables were connect ed to form the basis of a theory 
of creaming and it has been stated that one gets more cream on Jersey milk 
because the fat globules are larger. It is true that the fat globules are larger 
but you get more fat from Jersey milk because Jersey milk contains more fat 
and you get deeper cream lines because an agglutinating substance is present 
in the milk in approximately the same proportion as the fat, as experiments 
presented by Palmer and Dahlberg may be interpreted as showing. The 
difference in size of the fat globules does not explain why Holstein milk or 
Jersey milk for that matter creams in a few hours. 

In recent years application of Stokes’ law has been made to the problem 
of gravity creaming. Stokes’ law applies to the rate of movement of small 
spheres through a viscous medium when moving at constant velocity, due to 
a gravitational force. Calculations indicate that it would take about 300 to 
500 hours at 5° C. (41° F.) for an individual fat globule to move from the 
bottom to the top of a quart milk bottle. This indicates that gravity cream¬ 
ing does not result from the movement of individual fat globules. We know 
now that gravity creaming occurs as a result of the clumping of the fat 
globules into agglomerates comprising hundreds or even thousands of fat 
globules. These clumps rise according to Stokes’ law, and the size of the 
agglomerates are such that creaming can occur in from one to two hours— 
that is, the normal gravity creaming time. 
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It has been found that raw milk contains a small amount of a protein 
material which will “agglutinate” the fat globules. The term agglutination 
was applied to the clumping of fat globules some years ago by the investi¬ 
gators at the Hoorn Experiment Station in Holland. The natural aggluti¬ 
nin is adsorbed on solid or solidifying fat globules and causes the globules 
to clump. It is liberated to the plasma and the clumps fall apart when the 
fat globules melt, to be readsorbed and cause reclumping upon recooling. 
The agglutinin is beat labile and solid fat globules do not adsorb the aggluti¬ 
nin after it has been heat altered. The fat globules in heated milk do not 
clump. The behavior of the agglutinin accounts for most of the known fac¬ 
tors of gravity creaming. The properties of the agglutinin and the fat point 
to a rather interesting way of enhancing gravity cream volumes. According 
to this idea, agglutinin is present on the fat globules if the fat globules are 
separated from the milk while the fat is in the solid state, and thus would be 
absent from the skimmilk. If the fat globules are separated while the fat 
is in the liquid state, then the agglutinin would not be present on the fat 
globules but would remain in the skimmilk. Thus, by combining low-t.em- 
peratwe-separated cream with high-temperature-separated skimmilk, good 
gravity creaming milk is obtained, while by combining low-teraperature- 
separated skimmilk with high-temperature-separated cream, poor gravity 
creaming milk results. Another interesting test of this idea is obtained by 
separating cream to about 25-30 per cent fat content at a low temperature, 
and then reseparating the cream to a higher fat content at a temperature at 
which the fat globules are liquid. This gives a cream plasma which is very 
much enriched in agglutinin, and recombined milk made with this cream 
plasma gives very deep cream layers, sometimes yielding 80 per cent of 
cream on 4 per cent fat content milk. Agglutinin added to homogenized or 
heated milk which otherwise does not cream causes the fat to cluster and 
produces good gravity creaming. 

Cream viscosity 

Under proper conditions the presence of the natural agglutinin in cream 
yields cold cream of high viscosity. The agglutinin will be present in the 
cream if the cold milk ig separated at a low temperature. It w T as observed 
a number of years ago by Dahlberg that if milk was pasteurized, cooled, and 
held cold for a few hours and then separated it would yield a cream of as 
high viscosity as that obtained from raw milk. The attempt to make the 
agglutinin go with the cream has resulted in lower and lower temperatures 
of separation of cream for market purposes. 

In the last few years a procedure has been developed whereby cold cream 
is warmed relatively slowly to a temperature in the neighborhood of 30° C. 
and then is recooled relatively slowly. Such a procedure tends to increase 
the viscosity of the cream. A lead toward the explanation of this behavior 
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is to be found in the effect of such a procedure in altering the physical state 
of the fat. In the fat as it is originally solidified a great variety of fats 
crystallizes out. The fat is then warmed until nearly all of the kinds of fats 
dissolve, but not quite all of them. Then the fat is recooled. On this second 
cooling, the fat globules are cooled in the presence of seeding nuclei of the 
most insoluble fat fraction and consequently this fraction crystallizes out 
more rapidly and completely the second time that it did the first time when 
it was not seeded. This alters the relative proportions and the rate of 
crystallization of the fat fractions and yields a different solid phase on this 
second recooling. For some reason or other this different physical state of 
the fat on the second cooling has an influence upon the surface of the fat 
globules, perhaps through a different orientation of molecules and conse¬ 
quently upon the materials adsorbed, which apparently results in this 
increase in viscosity. 

The conditioning of the fat by cooling, warming and cooling activates the 
lipase in raw T milk, produces viscous cream as just described and is used to 
condition milk chocolate for candy coating. Evidence has been obtained by 
Rishoi that the specific heat of this recooled fat is different from that of the 
fat cooled the first time. 

Composition of natural material on the milk fat globule stir face 

The identification of the materials present on the surface of natural milk 
fat globules has attracted investigators for years. In the various reports we 
find that nearly everything present in milk has been reported by some in¬ 
vestigator to be adsorbed on the surface of fat globules. Among the early 
investigators was Voltz, who found lactose, ash, casein, and albumen were all 
adsorbed on the surface of the iat globules. His results were obtained be¬ 
cause of faulty technique of separating the fat globules. He separated some 
skiminilk (plasma phase) along with the fat and consequently when he 
carried out his analysis he found these skimmilk components. Others have 
made errors of this kind in separating the fat globules. Storch concluded 
that the material was a protein of mucin type because it had reducing prop¬ 
erties. He separated cream, mixed it with water, and reseparated it, repeat¬ 
ing this procedure four times. He thus displaced # the skimmilk phase with 
water and concluded that the protein remaining was on the surface of the 
fat globules. He found 2 grams protein adsorbed on 100 grams fat. Van 
Dam and Sirks made protein analyses on skimmilk and cream and discovered 
that the protein content was higher in cream when calculated to the basis of 
the water phase. The difference between these two analyses was attributed 
tt> the protein adsorbed on the surface of the fat. They found that 0.29 to 
0.82 average 0.47 gram of protein on 100 grams of fat. Whitaker, using the 
washing method, concluded that about 0.31 to 0.56 gram, best value 0.35, was 
present on 100 grams of fat. Hattori found that a protein different from 
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the others in milk was present on the fat. Palmer and his co-workers 
washed cream a few times, churned it, and assumed that the surface material 
and surface material only was liberated in the buttermilk. They concluded 
that the protein obtained had not been identified previously. They also 
found phospholipid material and concluded that ether extractable non¬ 
phospholipid material comprised 50 per cent of the membrane. 

Recent results indicate that the reddish color of raw cream buttermilk is 
due to a flavoprotein. Using a method which would differentiate between 
free flavin in milk and the flavoprotein, it was found that there was present 
on the fat globules about 0.07 gram of flavoprotein per 100 grams of fat. 
This flavoprotein appears to be the Schardinger enzyme or xanthine oxidase. 
Calculations indicate that 66,000 molecules of this enzyme material are 
present on the surface of each fat globule. The flavoprotein may adhere 
quite persistently to the surface of the fat globule, and at least half of it 
cannot be removed by washing. 

Rimpila and Palmer show that after washing six times 50 per cent of the 
phosphatase activity remains with the cream. This shows phosphatase in 
the membrane. 

In addition, it has been shown that at cold temperatures the agglutinin 
is adsorbed on the surface of the fat globules, but the evidence is that the 
agglutinin was removed in the washings in the procedures used for isolating 
the materials on the surface of the fat globule, and consequently the ag¬ 
glutinin was not present in the surface material analyzed by other workers. 

Davies has shown that a copper protein compound is adsorbed on the 
surface of the fat globules, and that copper added to milk is present in a 
greater proportion on the surface of the fat globules than would be ac¬ 
counted for by equal distribution throughout the milk. 

Sirks, as well as Sommer, lias studied the electrical charge on the fat 
globule and the fat. Sirks could And no relation between charge on the 
fat globule and creaming, whereas Sommer concluded that alterations in 
electrical charge explain some of the differences in gravity creaming. 

Resurfaced fat globules 

Various attempts have been made to redisperse butterfat and recreate fat 
globules in milk or cream having the same properties as the naturally sur¬ 
faced fat globules. On the whole, these attempts have been unsuccessful. 
The product will not churn properly, or it will not withstand washing with 
water, its reaction to lipase is altered, it will not have the Schardinger 
enzyme reaction, and almost invariably it will yield clear whey when the 
attempt is made to filter it. These products ordinarily do not give normal 
gravity creaming, but some of them will cream normally if agglutinin is 
added. 

In this talk I have tried to present to you a picture of the research that 
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can be carried out on an object so small and so much taken for granted as 
the milk fat globule. I hope I have been able to convince you that research 
on the fat globule is worth while and has led to results which are of scientific 
interest and of practical value. 

PRESIDENT'S ADDRESS 

The thirty-fifth annual meeting of the American Dairy Science Associ¬ 
ation takes me back in memory to the corn-growing days of 1906, when I 
came to Purdue University from Ohio State University to join my friend 
and classmate, Fred Rasmussen. 

We Iowa lads then journeyed to the University of Illinois to attend a 
meeting of dairy instructors and investigators which was called to convene 
during the first session of the Graduate School in Agriculture. This school 
met at different colleges of agriculture on alternate summers for several 
years. It was at the first meeting of this school that Professor W. J. Fraser, 
Chief of the Dairy Department at the University of Illinois, assembled a 
group of instructors and research workers on July 17, 1906. 

After several periods of presentation of papers and discussions, an or¬ 
ganization was launched. Fortunately, that little group, the general ap¬ 
pearance of which is recorded in the first picture, had in it several indi¬ 
viduals of splendid leadership and who soon became world characters. My 
friend, Fred, and I were junior members of this new enterprise and I can 
assure you that we were impressed by the information that we obtained. 
Later we realized that still more important than the knowledge that w T e re¬ 
ceived was the friendship of the older men. 

I hope that it is realized that the task of preparing a short historical 
sketch is not an easy one. Perhaps, however, I can continue in giving a 
review that will be of value to our younger members. 

A brief meeting of our Association was held at the National Dairy Show 
in Chicago, Illinois, on October 11, 1907. The next session was in the sum¬ 
mer of 1908 at Cornell University, where the Graduate School in Agricul¬ 
ture met for the second time. 

The first president, the former Professor R. A. Pearson, offered a com¬ 
ment on a change in name in the beginning paragraph of the president's 
address. He stated: “The name of our organization is not descriptive of its 
character. We call it ‘The National Association of Dairy Instructors and 
Investigators' yet some of our members represent the great dairy interests 
of Canada. It is then, strictly speaking, not a national organization. ... I 
would like to suggest as a new name,"‘Official Dairy Instructors Associ¬ 
ation."' r . 

When meeting under the new name on October 24, 1910, in Chicago, 
Illinois, our second president, the former Doctor C. H. Eckles, voiced an ex¬ 
pression for cooperation, which I wish to quote. Before I read his state- 
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(1) C. C. Hayden, Illinois, (2) J. W. Becker, Ohio, (3) C. F. Doane, F.S.D.A., (4) W. J. Fraser, Illinois, (5) H. A. Ho* 
per, Illinois, (6) J. M. Truman, Illinois, (7) €. II. Eekles, Missouri, (8) E. H. Webster, U.S.D.A., (9) A. C. True, U.S.D.A., (10) 
H. H. Dean, Ontario, (11) C. B. Lane, TJ.S.D.A., (12) Fred Rasmussen, Indiana, (13) C. E. Lee, Illinois, (14) O. F. Hunziker, 
Indiana, (15) E. S. Guthrie, Ohio, (16) H. E. Van Norman, Indiana, (17) Charles Thom, U.S.D.A., (18) Eugene Davenport, Illi¬ 
nois, (19) B. D. White, U.S.D.A. 
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merit, may I say that sometimes I think it is almost sacrilegious for a 
presiding officer or any one else, to offer comments on an excellent statement 
or address. That is my sentiment as I read this paragraph from Doctor 
Eckles. 

“Dairy husbandry is the application of several sciences to certain practi¬ 
cal lines and for this reason a man directing such work should have a rather 
broad training without being, necessarily, a specialist in any one. When a 
chemist alone undertakes to carry on an investigation with animals he is apt 
to overlook some essential points in treatment of the animals used and he is 
not in a position to know the problems that need solution from a practical 
standpoint. On the other hand one filling a responsible position along dairy 
lines does not have as a rule the intimate knowledge of chemistry and especi¬ 
ally of physiological chemistry necessary to properly carry on research to 
good advantage. The man in this position, however, has an opportunity vo 
know the problems that the practical man wants solved and he should com¬ 
bine with this the technical knowledge of the management of the animals or 
the manufacture of the dairy products as the case may be. The plan that 
must be followed in the future, if we gain much headway, is to work in 
groups. One of the group must have a broad general knowledge and be 
familiar with the practical side of the problem. Associated with him must 
be competent chemists, physiologists and bacteriologists, according to the 
problem at hand.” 

On October 29,1912, in Chicago, Doctor 0. P. Hunziker, our third presi¬ 
dent, when speaking of the accomplishments of our Association, made this 
statement: 

“We have grown not only in members but also in the scope of our ac¬ 
tivities and usefulness and our results have gained recognition in state and 
nation. We have accomplished the standardization of Babcock testing glass¬ 
ware, so that today, it is possible for anyone to secure standard glassware 
that is correct, accurate and uniform so that the results of its use are com¬ 
parable. We have been instrumental in the unification and perfection of a 
national score card for scoring dairies, in the purification of national judg¬ 
ing contests and in the modification of the national standards for milk 
products. 

“We have discussed and analyzed, for the benefit and information of all, 
the principles and methods of instruction in dairying, our relation to the 
breed associations, experimental work in milk production and dairy manu¬ 
factures, proper standards for dairy products, standard methods of testing 
milk and dairy products, plans and methods for judging dairy cattle and 
the securing and awarding scholarships for students judging contests and 
of graduate scholarships, and means and methods for the efficient adminis¬ 
tration of dairy extension work. All these activities have been effective 
means to bring us closer together in our work, to unify our efforts, to make 
more effective our results, and to stimulate our enthusiasm. , 1 

It may be of interest to our members to know that the influence of our 
Association is still being felt in the making of laws relative to dairying. 
The legislative bodies of New York State at their last session carefully 
studied the well-prepared report of one of our recent committees on the 
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standardization of milk. A law on this subject has not yet been made in 
New York. When it is written, however, this report of our Association will 
have its influence. This is only one illustration of the important position 
that is held by the American Dairy Science Association in the dairy industry. 
There are many other examples of the value of our organization to dairying 
that should be mentioned. 

The time came again for a change in the name of our organization. 
There is a letter under the date of March 19, 1917, that is pasted in the 
secretary’s records, which contains this important final paragraph: “As the 
result of the action of the Society at its last meeting and as the result of the 
vote which has just been taken, the ‘Official Dairy Instructors’ Association’ 
has become the ‘American Dairy Science Association.’” This communica¬ 
tion was signed by W. A. Stocking, Jr., President, M. Mortensen, Secretary, 
and H. A. Harding, whom I suppose was the chairman of the committee on 
the choice of a new name. 

The most important development through the years was the establish¬ 
ment of the Journal of Dairy Science, the first copy of which came to our 
desks in May, 1917. I would like to spend several minutes on this significant 
feature of the life of our Association. I think that it is apparent, however, 
to all of our members. 

Now may I call attention to our meetings and programs. There were a 
few summer gatherings during the first years of our history. Most of the 
early meetings, however, were one-day programs that were held some time 
during the National Dairy Show. It was convenient, of course, for our 
members to attend the Show and our convention in one trip. Nevertheless, 
from the standpoint of a good convention, it was not a satisfactory arrange¬ 
ment. The day’s work was made up largely of a few papers and discussions 
and committee reports. Some years the committee reports crowded the 
papers clear off the slate. 

Something had to be done to change this condition of our programs, so 
we again tried the summer plan in a meeting at Michigan State College in 
1927. If I recall correctly, it was a two-dav session. This meeting met with 
the approval of all our members who attended, so we have continued it. 
In terms of today, our attendance was not large. From the viewpoint of 
quality you may observe the second picture. One new feature that came to 
us at our summer conclaves was that of having our families with us. That 
new departure which adds to the social life of our meetings makes our con¬ 
ventions almost old home-comings. 

About this time, in the development of our Association, research, and 
problems in teaching were rapidly increasing, with the result that many 
papers were listed on the programs. In fact, valuable discussion has almost 
been smothered out. Our program committee, however, is endeavoring to 
return it to its proper place. 
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A paragraph should be given to our officers. In the early days we elected 
the president, vice-president, secretary-treasurer, and editor at the conven¬ 
tion instead of using the method of the whole-membership ballot through the 
mail, as is our practice now. At that time there was no board of directors. 
In order to obtain better management, of our growing organization, the As¬ 
sociation decided, after a few years of evolution in administration, to elect 
a revolving board of six directors. Two new members of this board are 
elected each year, and two members retire each year after three years of 
service. The elective administrative members include also the president, the 
recently retired president, and the vice-president. After a period of service 
of one year the vice-president automatically becomes our president. The sec¬ 
retary-treasurer is appointed by the entire board of administration and he 
has an important place in the transaction of the business of the Association. 
The editor also is appointed now by the whole board of administration on the 
nomination of the journal Management committee. 

Greater continuity of management has been acquired by this new type of 
administration. The dispatch of business operation has been greatly in¬ 
creased. Particularly satisfactory lias been the procedure of passing all 
committee reports through the hands of our secretary. 

The main channels for individual service are through committees. Our 
Association has been blessed with many members who have been willing to 
give time and thought to the activity of our organization. They have found 
many opportunities, for the charter members left the first convention with 
seven standing committees. We assemble at the thirty-fifth annual conven¬ 
tion with 59 committees and 218 committeemen. Fifty of onr members are 
serving on two committees. Seventeen of them have been appointed on 
three committees. Six of our representatives are laboring on four commit¬ 
tees. Three industrious scientists are floundering along on five committees. 
P. A. Downs is in a class by himself for he is on six committees. Our As¬ 
sociation is grateful to these loyal men. 

One of the most successful efforts of our journal has been that of the 
abstracts of literature. The abstractors number 104. They review articles 
in a concise fashion that are selected from 68 journals and 9 special publica¬ 
tions. Among these generous persons there are 65 who are serving on one 
or more of onr committees. It is needless to say that we owe them all a debt 
of gratitude. 

I am sure that our board of directors will join me in paying special 
recognition to the zeal and wisdom of the officers of the Dairy Production, 
Dairy Manufactures, and Extension Sections. I, also, know that our board 
will voice with me a parental solicitation of 4 'good wishes” to the Southern, 
Eastern, and Western Divisions of our Association. 

I wish that I, with 34 years of interest and activity in this Association, 
could successfully transmit a special message to our younger members. Per- 
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haps, at this stage of my address, I can gracefully refer to the call of our 
second president for group study. 

During the last four years it has been my privilege to be one of a three- 
man team on a certain research problem. We have met with greater success 
than if we, each, had worked alone. This has meant to me a special effort 
throughout the period to accommodate my plans to those of the majority in 
order to maintain good teamwork. I, of course, have realized that the other 
men were doing likewise. Generally, I think that a member of a team should 
expect to meet the convenience of the others, at least 75 per cent of the time. 
It is very necessary that he should go more than half way in time, ideas, and 
the like that pertain to the work of the team. For illustration, a week ago 
yesterday I found shortly after eight o’clock in the morning that the team 
wanted to run two sets of milk in our study of deaeration. As it happened, 
that was commencement day and I had hoped to remain at my desk for a 
while and then to go and pay honor to the graduating class. Instead, I 
immediately jumped into my white suit. I ate my lunch as I worked, and I 
left the laboratory at 6:15. I did not feel badly because of the change in 
my plans. Naturally changes come. I am accustomed to them. The 
recompense is greater accomplishment. 

One of the fundamental factors in group activity is the disposition of 
the teammates. I find it ever present and radiating. It bothers me. Not 
long ago I heard a question that was being asked in my native state. ‘* Why 
does Iowa have more Scotchmen than Missouri, and why does Missouri have 
more mules than Iowa?” The answer is: “Missouri had first choice.” 
If in training my mind and in gaining intelligence, I only had made a wee 
bit of an effort to enjoy a good joke, to tell satisfactorily a humorous story, 
or to catch a spark of humor in a stern' situation; if only in some way I had 
been led not to see first the dark side of a new proposition, but rather to 
recognize immediately the brighter aspects; perhaps then my contributions 
to the group effort would be appreciated. It might be that I would be less 
aggravating to my teammates. Possibly then I could help iron out a few of 
the little difficulties that occasionally occur as the days follow each other. 

The endeavor of our Association for united effort in dairy science has 
extended in personal interest from the 17 charter members of the first 
picture to over 1500 members, many of whom may be found in the third 
picture which will be taken during the convention here at Purdue University. 

There were 265 members present. The meeting adjourned at 11:30. 

GENERAL MEETING OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 

West LaFayette, Indiana , June 27, 1940 

President Guthrie called the meeting to order at 4:00 p.m. in the Purdue 
Memorial Union Building, there being 204 present, and gave the following 
address: 
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We are assembled now to pay homage to the memory of Dr. S. M. 
Babcock, in this program commemorating the “50th Anniversary of the 
Babcock Test.” Naturally when w r e realize the value of certain contribu¬ 
tions of science to the dairy industry we think of the efforts of many 
individuals. 

A few years ago I heard Dr. J. L. Hills, Dean of the College of Agri¬ 
culture of Vermont, say that as a young chemist he was well on the way of 
developing a test for milkfat in dairy products when Babcock's method 
appeared. The demand of the times had stimulated these two men to work 
on that problem simultaneously. These studies occurred in the lifetime of 
a man who is still active, so we must know that we are employed in a rather 
youthful field. 

Dean Hills related how he went to a dairy plant one morning to obtain 
samples of milk where there were forty-one patrons. Forty of these milks 
had been skimmed. He talked to the people about the practice and found 
that one reason for the milk being particularly thin that day was because 
there was to be a church strawberry social that night. 

I am planning, during our convention next year, to visit some of the 
cemeteries in New England and commune with some of my ancestors on 
some of their religious standards. 

Dr. Babcock was our guest of honor at the banquet when our convention 
was held at the University of Wisconsin in 1928. We all returned to our 
homes with pleasant memories—memories of Babcock the scientist, and 
Babcock the man. 

It is now my privilege to present to you Dr. H. C. Jackson, chief of the 
Department of Dairy Industry, who will have immediate charge of the 
program. 

Dr. Jackson then responded: 

Fifty years ago this June, Dr. S. M. Babcock gave to the dairy world 
the test which bears his name. To many of us who had the honor and 
pleasure of associating with Dr. Babcock it seemed fitting on this 50th anni¬ 
versary to devote a portion of the program of the association in commemora¬ 
tion. In these troubled times when whole nations appear to be questioning 
the very fundamentals underlying our civilization it is refreshing to review 
the life of a great scientist who pioneered in the field of Dairy Science and 
who used his gifts for the improvement of not only the lot of dairymen but 
humanity as well. It is hoped that such a review of his life and activities 
will serve as an inspiration to the younger members of the association who 
are just entering their life's work as dairy scientists and that some who are 
older may have their courage and faith renewed. 

Dr. Babcock was a great scientist, a great teacher, and a great man. We 
are fortunate indeed in having as a speaker on this program a man, a mem- 
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ber of the association, who was intimately associated with Dr. Babcock in 
his work at Wisconsin. I know of no one who is better able to pay a tribute 
to Dr. Babcock than Professor E. B. Hart, Chairman of the Department of 
Agricultural Chemistry of the University of Wisconsin, who will address 
us on “Dr. Babcock, the Scientist.” 

Professor Hart then said: 

If Dr. Babcock were with us today he would wish that we have the mer¬ 
riest time possible. For as Glenn Frank characterized him, “He was the 
Laughing Saint of Science.” 

Dr. Babcock spent more than forty years in our midst and it was a great 
experience to know him well. I first met him in 1906, the year in which I 
was asked to become associated with him in discharging the duties of the 
Department of Agricultural Chemistry. 1 shall never forget his trudging 
the streets with me looking for a house in which to live and taking as much 
personal interest in me as a father. I learned to know that that was his 
nature—a helpful spirit always giving sound counsel and always willing to 
lay aside his own work to discuss your problem. With my coming to the 
department he was freer to work on problems of no immediate practical 
moment, and we found him active in his laboratory on the fundamental 
questions in plant and animal physiology, namely, metabolic water. This 
piece of work is now considered a classic by plant physiologists, and to ani¬ 
mal physiologists it explains liow a clothes moth can live on dry clothes and 
produce larvae containing 75 per cent of water. Dr. Babcock’s grip on 
science was thorough, for he had had superb training at Cornell University 
and the University of Gottingen, Germany, after having taken his A.B. 
degree at Tufts College. He brought to his problems a thorough under¬ 
standing of mathematics, physics, and chemistry. 

He always delighted in telling his friends of his experiences in Gottingen 
University where he was a student of Huebner, the successor to the great 
chemist Wohler., Wohler was then a very old man, revered by the students 
who knew him, and almost daily walked through the laboratory where Dr. 
Babcock was at work. On one occasion Dr. Babcock asked a fellow German 
student, “Who is that old duffer shuffling through here?” To be replied 
to in scorn, * 4 Don’t you know that that is the famous Wohler f ” In Wohler, 
Dr. Babcock found a most lovable man, and he never tired of telling how 
Wohler showed him a sample of the first urea that was synthesized and a bit 
of iodine that was sent by Courtois in Paris to Wohler. It was a sample of 
the first iodine that had been isolated and it was in a small sealed glass tube. 
The sample was so minute that it appeared as a small speck in the tube and 
only by warming the latter and causing the violet vapors to form could 
one be sure that the tube contained iodine. 

Dr. Babcock also visited Bunsen at Heidelberg and was greatly impressed 
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by the simplicity and originality of that great chemist. I have always sus¬ 
pected that much of the simplicity of his own experimental work grew out 
of the impressions he received from those early chemists. 

In the popular mind Dr. Babcock will be remembered longest for his 
invention of the milk fat test which bears his name. He has told me many 
times that his real contribution to the development of this test lay in his 
introducing the centrifuge as a part of the test, thereby shortening the time 
of operation. Here again his fundamental knowledge of physics stood him 
in good stead. Probably no contribution to agriculture by a scientific man 
has helped more to gain the respect and confidence of farmers in agricul¬ 
tural experiment stations than the Babcock test. But this inventive genius 
also developed a viscosimeter, the construction of which in principle is the 
basis of the modern viscosimeter. He chuckled and laughed as he told of 
this invention, for after it had been perfected to his satisfaction he found 
that the same principle and the same type of instrument had appeared in 
the German literature some twenty years before his own invention. 

Dr. Babcock was a thoroughly religious man—if w 7 e may define a religious 
man as one w r ho is humble before the Unknown, rather than a blind follower 
of theological ritual. In his early life he lost a job because he would not 
take part in the religious exercises prescribed for students at a certain 
eastern institution. He had been recommended to the position of chemist 
at this institution and while looking over the position was entertained at the 
president’s house and was definitely offered the job. On the morning that 
he was to depart from the institution, and was having breakfast with the 
president, the president said, “Now, Mr. Babcock, there is one thing that I 
haven’t mentioned to you and that is that all members of our faculty take 
part in the daily chapel exercises held for our students, and of course you 
will be expected to take your part.” Dr. Babcock, with a merry twinkle in 
his eye, said, “Mr. President, if I come to this institution I come as a chemist 
and not to take part in these religious exercises,” and with that understand¬ 
ing he went back to Cornell University never expecting again to hear from 
the president of the eastern institution. In a few days he did hear that he 
had been appointed to the position, but lie said that he was very glad that 
he could inform the president that he had already accepted a position at the 
Geneva Experiment Station. 

Dr. Babcock was a thoroughly practical man although sometimes his 
advice bordered on the ridiculous. I well recall the incident of one of our 
faculty leaving for the Pacific Coast to lay out a new city below San Diego. 
Doctor was sought for advice on what he thought might make a model city. 
He believed that it would be impossible in that climate to have sufficient milk 
for a growing population as produced under ordinary circumstances and so 
implored his friend to try the novel experiment of domesticating South 
Pacific whales to give up their milk to be pumped through a pipeline from 
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the ocean slip. So far as I know the experiment, was never carried out, but 
it illustrates the originality of the Doctor and his willingness to try what 
he often called * ‘the fool experiment.” He symbolized what A. V. Hill 
once said, “It is dangerous to speculate too far, but it is foolish not to 
speculate at all.’ * 

In Dr. Babcock’s life there w r as no lull in activity and interest in scien¬ 
tific problems. He never seemed to grow old. At 87 he w r as still active 
on the problem of the constitution of matter, a problem which had alw T ays 
interested him since his student days at Cornell. It has always seemed to 
me that the many things he talked of in reference to the constitution of 
matter 30 and 40 years ago when I first knew' him have come to be a part 
of modern physics and modern chemistry. True, he was crude in his experi¬ 
mentation, but the ideas were there waiting for someone to prove or disprove. 
Physicists often quote the famous Morlev experiment refined and carried out 
to the fifth decimal place as giving the atomic weight of oxygen. In some 
early experiments in weighing gases that Dr. Babcock himself carried out, 
lie saw how a considerable error could creep in through the outside pressure 
upon the weighing flask, thereby distorting its shape. He wrote Morley 
asking if he had given consideration to this possible error in his own work, 
but Morley never replied, being conscious. I think, that he himself had 
actually committed a serious error. Dr. Babcock only chuckled and went 
on bis way. 

When he died he left a manuscript which we still have in the vault and 
which w ? as the fruit of his labor and thought on the constitution of matter. 
I have read it through several times, and to me it was a new physics, blit, 
after submitting it. to mathematicians and physicists upon our own campus 
with the thought of its publication, they were unanimous in believing that 
it was too qualitative in its character to warrant its publication and that 
possibly it might detract from Dr. Babcock’s standing as a scientist. 

After hearing their verdict I went to each one personally, not knowing 
enough about the subject myself, and said, “Isn’t it possible that there is 
some hidden gem of thought in this manuscript that has escaped your criti¬ 
cal attention and which might be lost if the manuscript were not published V 9 
They all agreed that they did not think that to be the case. I still wonder 
whether they are right and whether our leading scientists may not often 
make the error of being grooved in certain channels of thought until they 
are roused from them by some wholly new and original idea. 

His was the inquiring mind under all circumstances. When the toma¬ 
toes failed to grow in his garden the cause must be known. Instead of plant¬ 
ing in a row, the next crop was planted in a circle and only those plants 
in the old row died. That row was underlain by an ant run and the cause 
of failure solved. 

Dr. Babcock received many honors. But I don’t know of one from which 
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he had more fun than that which grew out of the Capper award. After it 
became known to the public that he was to receive $5,000 plus a medal, he 
was hounded by many people, including reporters, as to what he expected 
to do with the money. In his very characteristic way he told them he was 
going to buy peanuts with it, and of course this story got into the press. 
Out of it from all over the country came many appeals for financial help. 
It was evident that many believed that his mind had failed and that he could 
not possibly be responsible for the further handling of his own affairs. 
There wasn’t a day that he didn’t come to the laboratory with a letter or 
two to tell of the most recent request for help. One farmer in the north 
had suffered a great fire, his barns were all down, but he had money enough 
to rebuild everything but the hen coop—and if he could only have $500 he 
could rebuild the plant and again be on his way. A daughter was burdened 
with the care of an invalid mother; they were poor and needed help. The 
mother needed the out-door air, and if they could only have money enough 
for an automobile, health would be immediately restored. The Doctor 
would again laugh—and when he laughed, he laughed all over. 

The present century has seen a great development in our knowledge of 
animal nutrition. Dr. Babcock’s contribution to that development is not 
generally known. He lighted the torch for others to carry on. When chem¬ 
ist at the Geneva Experiment Station in 1882-1888, Dr. Sturtevant, the 
director of the station, wanted him to make some of the conventional an¬ 
alyses then and still in vogue on foodstuffs. The work involved not only 
the analysis of the food but also the analysis of some of the metabolic by¬ 
products. After he made the analyses and reduced the results to an ash 
free basis, the composition of the food was much like that of the metabolic 
by-product. From that time on he lost faith in the possibility of the pre¬ 
vailing methods of food analysis to give valuable information about the 
nutritive value of a foodstuff. He also had little faith in the then prevail¬ 
ing and developing notion that the energy of a foodstuff would measure its 
nutritive value. The mind of the skeptic was again at work. He delighted 
in telling the American nutrition leaders of forty years ago—Atwater, 
Armsby, or Jordan, all champions of the idea that the energy of a food 
measured its nutritive value—that if energy were the measure, then hot 
water or coal should be the most excellent of foods. When he came to Wis¬ 
consin he put his ideas to work in testing with cows, rations alike according 
to conventional methods of food analysis and energy content but selected 
from different sources, with marked differences in the resultant milk pro¬ 
duction and behavior of the animals. His notes were incomplete, but from 
no fault of his own, and so he never published the data. That work was 
really the forerunner of the larger development at Wisconsin of the newer 
knowledge of nutrition, and the first experiment with large animals, so far 
as I know, using the biological method for testing the .nutritive value of 
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foodstuffs. It was a new idea and Dr. Babcock was father of the idea. 
Others have carried it on. Had the idea been lacking, we might still be in 
the hands of the energy exponents. 

Dr. Babcock was a most lovable character and exemplified modesty and 
simplicity in every thing lie did. He had a profound influence upon the 
character of the scientific work done in our college, and possibly the whole 
University. New ideas, free discussion, kindly interest, and above all his 
novel and helpful suggestions were an inspiration to many. He never threw 
a blanket over his apparatus when visitors came to see him. If interested, 
he hold them fully what he was doing. When he suggested ‘ ‘the fool experi¬ 
ment" he started a new train of thought and out of it came a new birth. He 
would rather have an experiment fail than succeed if through its failure it 
taught him to plan for the next. Truth must always prevail. Babcock was 
not a victim of the routine. The clock could not be regulated by his daily 
activities. Often he would come to the laboratory to tell me with much 
enthusiasm that he now had the solution of his problem—and then six 
months might elapse without reference to it. We thought he had forgotten 
about it, blit not so. The incubation period was on; the first explanation 
was wrong; he w y as on a new tack, and soon he would be bubbling over with 
new enthusiasm. His researches ran in cycles but never ceased. 

He represented the liberal in research, and there can be little funda¬ 
mental research if executive regulations dominate the time of men. His 
profound understanding and sympathetic nature made him a great teacher, 
and like Agassiz he is remembered by many whose questions w T ere not an¬ 
swered but wiio were started on the way to learn for themselves through 
their own efforts. 

Dr. Babcock published little. His influence was felt more through his 
interests in and suggestions to others. His counsel was always available 
and his ideas fresh and original. Fourscore years and more did not abate 
his interest in the experimental work of science. Babcock would have made 
any institution great, and it is Wisconsin's fortune to claim him for her 
fame. 

Dr. Jackson then introduced Dr. Bohstedt saying: 

In the address, which has just been concluded by Professor Hart and his 
presentation of Dr. Babcock, the scientist, he has given us a brief glimpse 
of Dr. Babcock, the man. I well recall my first meeting wdth Dr. Babcock. 
In the fall of 1927, I was called to the University of Wisconsin to assume 
the duties of chairman of the Department of Dairy Industry. Although 
Dr. Babcock at that time was w*ell along in his eighties, he was one of the 
first to call on me in my office. I remember his saying, “Jackson, if there 
is anything that I can do for you, don't hesitate to call on me." You can 
well imagine the impression that this made upon me to have a great scientist 
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come and offer his services, and the fine thing about it was that he meant it, 
and that he was in a position to make such a genuine offer. Dr. Gustav 
Bokstedt, our next speaker, was intimately acquainted with Dr. Babcock. 
As Professor Hart has pointed out, Dr. Babcock was accompanied by Pro¬ 
fessor Bohstedt on picnics, various athletic contests, and other social gath¬ 
erings, and he is certainly well qualified to give us our next address on Dr. 
Babcock, the man. 

Dr. Bohstedt then replied on “Babcock, the Man.” 

Near the center of the dining room of the University Club in Madison 
is a table which, by members who knew him, will always be referred to as 
the Babcock table. Each noonday during the last years of his life, or ever 
since the death of Mrs. Babcock, the doctor would enter the Club, put his 
cap in his coat pocket so that later he would not have to hunt for it in any 
dimly lighted cloakroom, and join a half dozen colleagues at that table. 

A vacant chair here seldom went begging. It was a privilege to sit in 
with a group of men whose conversation sparkled, in large part because it 
was stimulated by that octogenarian with the infectious laugh who, by com¬ 
mon consent, was wont to sit at the end of that table. 

Perhaps it was a story on himself, on the other fellow. No matter. It 
was bound to be entertaining and somehow memorable. More than likely 
a question in natural history was being debated. Dr. Babcock to the very 
last was possessed of an insatiable curiosity. “Each morning he met the 
Universe with a question.” What might cause the peculiar pattern of the 
grain in birdseye maple? What had caused the disappearance of the pas¬ 
senger pigeon? How was that squirrel in his backyard able to find the 
exact spot where, on digging, it would find a nut buried the previous fall? 
Did this squirrel reach it through a peculiarly keen sense of smell, or sight, 
or memory, or sense of location? Various college faculties usually were 
represented around that table, and each might claim credit for certain of 
the phenomena under discussion. Dr. Babcock again and again would 
bubble over with laughter. 

With perhaps only two or three left at the table, and things quieting 
down, there might be some reminiscence of the doctor from his early life. 
This might have a most serious side, but almost invariably it would yield 
its quota of mirth. 

Last week at that selfsame table, after war and politics had been dis¬ 
cussed, and somehow the name of Babcock had been mentioned, was it any 
wonder that the group present indulged in nostalgic memories of that grand 
old man? 

How could he help but be revered when he was so approachable and 
friendly? His international fame sat lightly upon this genial and jolly 
man. Never need a lowly freshman hesitate to stop him on the street for 
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a talk. Many a budding journalist would interview him, although the doc¬ 
tor as a prank might turn tables on the interviewer, as he did with a person¬ 
able young lady who later became prom queen. Dr. Babcock found out all 
about her family and her history, but gave her nothing in return. Too late, 
the young lady realized the trick that had been played on her. But the 
experience appealed to her sense of humor and at various times in subse¬ 
quent years, to the delight of Dr. Babcock, the young lady would call at 
his home. 

Dr. Babcock exemplified that rare class of people who grow old grace¬ 
fully. He held old friends and continued to make new ones. A certain 
boyish quality endeared him to young and old. To the very last he was a 
lover of sports. The autobiography of John L. Sullivan intrigued him. 
When his eyesight became too dim to follow football and baseball, be would 
be found in one of the front rows at basketball games. He would discuss 
the games in terms of the individual players, showing that it was always 
the human element that; interested him, and which explained in part the 
hold he had on people. He esteemed his fellow man. Personally, I do not 
recall that at any time during the several years 1 had frequent opportuni¬ 
ties for visitation. Dr. Babcock ever dwelt on meanness in any individual. 
Although few were better judges of men than he was, such undesirable 
traits were passed over briefly. I recall one University administrator tell¬ 
ing about difficult sessions with faculty members, when his patience might 
be sorely tried, only to have his faith in mankind renewed the minute Dr. 
Babcock, himself the epitome of selflessness and good humor, dropped in for 
a chat. He would laugh away those difficulties. 

But to come back to some of the reminiscences of Dr. Babcock, which 
stories and anecdotes perhaps bring out the man, or boy, as well as anything 
else might, do. Dr. Babcock grew up on a farm in northern New York. 
The baseball-minded boys were playing catch one noon when somehow the 
ball rolled under the porch, the base of which had weeks previously been 
enclosed with some wooden lattice work. Dr. Babcock laughed when he 
said that, of course, to recover that ball they would have torn down the 
whole porch. However, the removal of a side panel sufficed. But what 
did they find underneath the porch beside that ball ? A hen! Ever since 
the panels had been put in place, after weeks of starvation and therefore 
quite emaciated, the hen was still alive. There arose the question as to how 
much water she had had to drink during the several weeks. The young 
farm boy never forgot this instance. In later years this recollection had 
much to do with his deliberations and researches on the role of metabolic 
water in vital phenomena, both plant and animal. 

The resourcefulness of young Babcock was demonstrated on an occasion 
when a barn was to be built and for which a tree-trunk at the top of a hill 
was to be used for a sill. With his typical spirit of independence, he dial- 
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lenged his family that with the help of a team of jjxen, a log chain, and a 
two-wheeled running gear, he would by himself bring that log down the 
hill. In telling of this stunt, the doctor explained that when he got to the 
log, he took one wheel off the axle and put the tip of this axle underneath 
the heavier end of the log. He thereupon, by means of a log chain and 
the use of the oxen, rolled the tree trunk on to the running gear, kept those 
sturdy old oxen pulling until the free axle was lifted, put back the wheel, 
and delivered the trunk to the building site. 

With his tremendous interest in things about him—in people, in the out¬ 
doors, in machines and gadgets—was it any wonder that when a student at 
Tufts College, where he was obliged to study primarily the classics and litera¬ 
ture, he felt himself out of his element? In natural resentment he ex¬ 
pressed himself in ways that got him into difficulties. Printed rules govern¬ 
ing conduct of students would be found torn off the bulletin boards. But 
on being questioned regarding this, he would truthfully admit this bit of 
vandalism. His truthfulness more than once prompted leniency on the 
part of the authorities. But when along with a fellow student he refused 
to tell on others for hazing freshmen, he was expelled for three weeks. 
Considering the natural abilities of Dr. Babcock, it may be surprising to 
have him admit, as he did, that he was graduated at the foot of the class. 
Not so surprising, in 1901 Tufts College was pleased to grant him an honor¬ 
ary degree of Doctor of Laws. But Latin, Greek, or the history of the 
ancients interested him far less than things about him. He wanted to be 
an engineer and not a literary man. Later at Rensselaer Polytechnic Insti¬ 
tute, at Cornell, and at Gottingen University, he had opportunities to satisfy 
his bent for the physical sciences. 

Nevertheless, while living at the outskirts of Ithaca where he owned the 
old Schuyler farm of twenty acres, and while employed on a part-time basis 
in the Chemistry Department at Cornell, he joined a literary club. Surely 
the social life must have been as much of an attraction to him as the nomi¬ 
nal purpose of the organization. To hear Dr. Babcock tell about the meet¬ 
ings of the club, the membership did, indeed, mix a great deal of fun with 
their literary efforts. One of the most exciting episodes that I personally 
ever heard him tell relates to the attempted “kidnapping” of a recently 
butchered pig belonging to the family of a member of the club. Circum¬ 
stantial evidence pointed to Babcock as one of the perpetrators, and one 
may surmise the suppressed hilarity of the members when at the very next 
meeting of the club, two phony policemen ceremoniously ushered the unsus¬ 
pecting Babcock into the circle assembled in mock court. In due course he 
was fined one-half bushel of peanuts. In far off Gottingen a few years later 
he heard echoes of this affair, which had been written up in mock seriousness. 
But it had been taken at face value in Gottingen and no doubt various other 
places, by people who were astonished that a professor in an American Uni¬ 
versity should stoop so low as to steal a pig! 
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It is enough to appreciate that this, to some of us perhaps, austere and 
certainly famous scientist has not always been perfect, but rather has been 
intensely human. Nevertheless, as one of this man’s great admirers has 
said in his behalf, “It’s the little imperfections in our heroes that endear 
them to us . 9 9 

In his work at Cornell University he was a special adult student, taking 
no regular classroom courses. But in his laboratory work he was guided 
by Professor Caldwell. His rapid progress may be inferred from the fact 
that at the end of three } r ears, he was asked to take charge of the laboratory 
and teach a general laboratory course in chemistry. Very likely his experi¬ 
ence and associations in this laboratory were as important to him as any in 
his entire course of training. One may assume that this experience greatly 
stimulated his independent thinking. 

Witness an example of his iconoclastic views regarding gross chemical 
analyses of feedstuffs as guides to nutritive values. While giving his presi¬ 
dential address before the Association of Official Agricultural Chemists he 
pointed out to them limitations of such analyses, and as a striking example 
made the statement that, on the basis of a gross chemical analysis, coal had 
a relatively high feed value. He elaborated before his listeners that coal 
surely had both moisture and dry matter. Coal further had a certain 
amount of nitrogen by the Kjeldahl method, which nitrogen multiplied by 
6.25 would be reported as protein. Surety coal had ash or mineral matter 
in it, in many cases too much of this particular ingredient. Likewise fiber 
would be found, and ether extract. Then by the usual computation of dif¬ 
ference, the remaining part of the dry matter would be reported as nitrogen- 
free extract. 

Such evidences of untrammeled thinking must have stunned a good many 
of his audience. Small wonder that Babcock was one of the first to observe 
shortcomings of so-called balanced rations, and should have suggested that 
animals were in need of nutrient principles other than starch or carbohy¬ 
drates, fats, proteins and minerals. Surely the present knowledge of vita¬ 
mins owes a great deal to this man of the “seeing eye and inquiring mind.” 

Quoting from the Babcock funeral oration of President Glenn Frank: 

“He pursued the most painstaking research as if he were playing a game. 
He brought to his tasks that gaiety of spirit which authentic greatness can 
afford. His spirit never surrendered that incorrigible playfulness which so 
often marks men of power. He brought laughter into the laboratory, for 
there was about him that deceptively careless air which creative spirits have 
as they go about their business. ... 

“In an age smitten with the passion for publicity, he forgot himself into 
immortality! 

“And in the midst of the sickness of an acquisitive society, his spirit 
remained unsullied even by legitimate personal considerations! 
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“Scholar of a great university! 

Servant of a great state! 

Shy benefactor of mankind everywhere! 

Laughing saint of science! 

Being dead he yet speaks!” 

GENERAL BUSINESS MEETING 
AMERICAN DAIRY SCIENCE ASSOCIATION 

West LaFayette, Indiana, June 28, 1940 

President E. S. Guthrie called the meeting to order at 9:00 a.m. in Pur¬ 
due Memorial Union Building on the Purdue University campus. Mr. 
Charles Blackman, Chairman of the Necrology Committee, made the follow¬ 
ing report of the eight members who passed away during the year: 


Professor George E. Morton .July 11, 1939 

F. L. Schoenberger .September 2, 1939 

J. R. MacLennan .Winter, 1939 

Dr. Loyd M. Thurston .February 29,1940 

W. D. Antell, Jr .March 28, 1940 

R. D. Canan .April 19, 1940 

Kenneth J. Matheson April 24, 1940 

Fisher Stilley .May 4, 1940 


Upon motion duly seconded the report was accepted to be made a matter 
of record in the minutes. 

Editor Sutton then gave a report which will be found in the minutes of 
the board of directors. 

Manufac t wring Sect io n 

Secretary Coulter of the Manufacturing Section presented the following 
minutes; upon motion duly seconded they were accepted with the exception 
of that part referring to the milk score-card which was deleted from the 
minutes. 

The manufacturing section held its regular meetings at the scheduled 
hours and places. F. H. Herzer, the Section chairman, presided. The 
papers presented developed a well balanced program which held the inter¬ 
est of the group as evidenced by the discussions when time permitted. 

The meetings were conducted with dispatch and promptness and ad¬ 
journed at scheduled times. All papers were presented as announced 
except M38, M44, M48, and M51. 

Mr. Herzer appointed a nominating committee consisting of: O. F. 
Garrett, T. B. Harrison, and H. Macy, to nominate a vice-chairman and a 
secretary for the coming year. 

Considerable interest was shown in the reports of the various commit¬ 
tees. These reports follow: 
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Reports of committees: 

1. Committee on Chemical Methods for the Analysis of Milk and Dairy 
Products, Ij. C. Thomson, Chairman . Accepted and written report 
attached. 

2. Committee on Judging of Dairy Products, G. M. Trout, Chairman. 
Accepted and written report attached. 

3. Committee on Methods of Determining the Curd Tension of Milk, 
P. J. Doan, Chairman . Tn the absence of any member of the com¬ 
mittee this report was not presented; however, the written report 
was received and is attached. 

4. Deleted. 

5. Committee on Sanitary Procedure, Ij. II. Burgwald, Chairman. 
Accepted and written report attached. 

6. Committee on Methods of Measuring the Color of Milk, 0. F. 
Garrett, Chairman. Accepted and written report attached. 

7. Committee to Study Methods for Measuring the Oxidation of Milk 
Fat, 0. P. Garrett, Chairman. Accepted and written report at¬ 
tached. 

8. Committee on Quality Program, W. H. E. Reid, Chairman. Ac¬ 
cepted and written report attached. 

9. Methods for the Bacteriological Analysis of Milk and Dairy Prod¬ 
ucts, H. Macy, Chairman. Accepted and written report attached. 

Upon the motion of the committee chairman, the Section voted 
that the committee on Methods for the Bacteriological Analysis of 
Milk and Dairy Products be discharged and that a new committee 
of three, designated “The Committee on Microbiological Methods 
for the Analysis of Milk and Dairy Products, M be appointed and 
that such committee be empowered to appoint such sub-committees 
as may be necessary to carry on the work of the committee. 

10. Committee to Study Ways for Improving Summer Meetings of 
Manufacturing Section, B. E. Horrall, Chairman. Accepted and 
written report attached. 

Initiated by M. E. Parker, there was considerable discussion about the 
t} T pe of program which should be presented at the Section meetings. The 
report of the Committee to Study Ways for Improving Summer Meetings 
of the Manufacturing Section was called for and presented by B. H. Horrall, 
Chairman. The Committee made three recommendations: 

1. That mimeographed sheets be used for the presentation of data in 
preference to photographic slides. 

2. That speakers be requested to speak extemporaneously rather than 
to read a prepared manuscript. 

3. That the first and last paper on the program at each meeting be of 
the symposium type. 
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The sentiment of the Section as expressed by vote was favorable to a 
program in which a portion of the time be allotted to papers of the sym¬ 
posium type, a portion to the short type paper and a portion to committee 
reports. The Section voted to appoint a rotating committee to have charge 
of formulating programs for the summer meetings. 

Mr. Herzer instructed the Committee to Study Ways for Improving Sum¬ 
mer Meetings of the Manufacturing Section to meet with the Association 
Board of Directors to consider the desirability of and means to be used in 
changing the type of program presented by the Manufacturing Section. 

After conferring with the Association Board of Directors this committee 
reported to the Section as follows: 

The Board of Directors of the American Dairy Science Association 
passed a motion last night to recommend to the sections of the Association 
that: 

The program next year consist of the following: 

(1) General papers 

(2) Symposia, and 

(3) Committee reports 

The report of the Committee was accepted by vote of the Section. 

The nomination committee placed the following names in nomination for 
officers for the year October 1, 1940, to September 30, 1941: 

Vice-Chairman —L. H. Burgwald W. H. E. Reid 
Secretary —H. C. Moore E. 0. Anderson 

A vote by ballot was taken, the secretary, 0. F. Garrett, T. B. Harrison, 
and H. Macy acted as tellers. Mr. C. D. Dahl, present Vice-Chairman, 
automatically becomes Chairman of the Manufacturing Section. 

The following officers were elected: Vice-Chairman —L. H. Burgwald, 
Secretary —E. 0. Anderson. 

Business session adjourned. 

(Signed) S. T. Coulter 

Secretary, Manufacturing Section 

Extension Section 

Mr. Vergeront, Secretary of the Extension Section, presented the follow¬ 
ing report which upon motion duly seconded was accepted and ordered to 
be printed in the minutes: 

The annual business meeting of the Extension Section was called to 
order by R. G. Connelly, Chairman, June 26, at 1:30 P.M.; 36 others in 
attendance from a total of 28 dilferent states. 

During the two-day session, selected papers and reports on various 
phases of the extension program were presented and were discussed by the 
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members, led by a panel made up of members who had participated in the 
program. 

The Resolution Committee presented the following resolution: 

Resolved , we wish to express the sincere appreciation of the Extension 
Section to Purdue University and especially to each and every member of 
the Dairy Department, who have done so much to successfully prepare for 
our comfort and enjoyment. 

C. R. Gearhart 
E. H. Loveland 
James W. Linn 

James Linn, Chairman of the Type Classification Committee, presented 
a progress report which was favorably accepted, but held over to be again 
presented to the 1941 meeting after further study by the committee. 

E. J. Perry, Chairman of the Sire Committee, presented the report for 
that group. Each section was taken up separately and discussions for the 
matter of selective registration and the use of standard forms for artificial 
breeding association were commended. 

Upon the motion of C. G. Bradt of New York a new committee on Dairy 
Cattle was established. 

The Health Report of a joint committee of the Production and Extension 
sections of Feeding was made by Professor E. S. Savage, Chairman, and 
was unanimously adopted. 

The members of this section expressed themselves as being very much 
pleased with the Joint Session with the Production Session on Artificial 
Breeding, and with the Exhibit of Ideas and with the Panel Discussions 
which were a part of every program of the section. 

During the business session of the section, J. F. Kendrick, of the Bureau 
of Dairy Industry, was elected Secretary. The officers who will assume 
their responsibilities on October 1, 1940, are as follows: 

Chairman — Otto J. Hill, Pullman, Washington 
Vice-Chairman and Chairman of the Program Committee — 

Glen W. Veroeront, Madison, Wisconsin 
Secretary —J. F. Kendrick, Washington, D. C. 

Respectfully submitted, 

(Signed) Glen W. Veroeront 
Secretary f Extension Section 

Production Section 

Mr, H. A. Herman, Secretary of the Production Section, presented the 
following report and upon motion duly seconded it was accepted and ordered 
to be printed in the minutes: 

The production section held five regularly scheduled sessions. The first 
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session, Tuesday afternoon, June 25, was a combined meeting of the pro¬ 
duction and extension sections and consisted of a symposium on artificial 
insemination of dairy cows. The remaining formal sessions were devoted 
to papers grouped under sectional headings of: Milk Secretion, Breeding, 
Disease, Calf Feeding, and Nutrition, Minerals and Vitamins. Dr. A. H. 
Kuhlman presided at all sessions. 

All sessions were well attended and much interest was exhibited in the 
papers presented. The papers were well prepared and ably presented with 
slides and mimeographed material used to supplement the presentation. 
Fifty-six papers were presented, a record number, as all but two of the 58 
scheduled papers were presented. The marked program, attached, indi¬ 
cated the member presenting each paper. 

The business meeting of the section was held at 8:30 a.m., Thursday, 
June 27, in Room 340, Purdue Memorial Union Building, with about 100 
members in attendance. Dr. A. H. Kuhlman, Chairman, presided. The 
minutes of the 1939 meeting at Pullman, Washington, were read and 
approved. 

Reports were submitted by the various standing committees and 
approved. Copies of these reports attached. 

Points of particular interest incorporated in the adopted reports and 
presented to the general business session for approval are: 

Breeds Relation Committee — J. W. Bartlett, N. J., Chairman 

1. The present specified numbers of milkings (36) to be supervised daily 
for cows on Advanced Registry Test should not be increased. It is the 
obligation of the supervising institution to enforce this rule. 

2. No changes in the Uniform H^rd Test Forms are recommended at this 
time. 

3. The preliminary milking shall be weighed, sampled and tested for 
butterfat in the usual manner. The preliminary milking shall constitute a 
regular milking period with respect to the number of milkings supervised 
daily. 

4. Supervisory institutions in the respective states, not in harmony with 
breed associations rules more lax than the Uniform Rules may well use the 
Uniform Rules as a basis for conduct of Advanced Registry and Herd 
Improvement Registry Tests. 

5. To revise and bring up to date the Uniform Rules of the Association 
concerning the conduct of Advanced Registry and Herd Improvement 
Registry Testing and to have these printed in the Journal of Dairy Science 
with sufficient extra copies for breed associations and supervision institu¬ 
tions. It is further recommended that the breed associations print the uni¬ 
form rules in their rule booklets. 

6. 4 'If a cow on Advanced Registry or Herd Improvement Registry test 
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aborts while in milk, and the gestation is 152 days or longer, her current 
reeord shall end and a new lactation shall begin, but if the abortion occurs 
at less than 152 days the test is to be continued to complete the 305 or 365 
day test.” 

7. The matter of compiling a uniform set of age conversion factors is 
being investigated further through the cooperation of the Bureau of Dairy 
Industry, United States Department of Agriculture. 

8. The problem of working out a plan of Dairy Herd Improvement Asso-. 
ciation Type classification is continued with the Breeds Relations and Exten¬ 
sion Section committees cooperating. 

9. “That the American Dairy Cattle Club be permitted to use the Uni¬ 
form Head Improvement Registry Test Form, but that only the names of 
the breeds of dairy eat tie recognized in the purebred dairy cattle registry 
associations be printed on the form.” 

10. Supervisors conducting official tests should conform to the same re¬ 
quirements with respect to health certificates as is required of all milk 
handlers in accord with the provisions of the Standard Milk Ordinance, 
United States Public Health Service. 

11. That close cooperation be maintained between the Breeds Relations 
Committee and the respective dairy cattle breed associations with respect to 
the uniformity of registering offspring resulting from artificial insemination. 

12. That all, except current records of the Breeds Relations Committee 
be bound and filed with the Secretary of the American Dairy Science Asso¬ 
ciation, as a part of the productions sections records, for safe keeping. 

In view of the large number of papers presented and the inadequate time 
for business matters it was recommended and approved that this section go 
on record as being favorable to preparation of the program for the Produc¬ 
tion Section, and that the program be arranged, if necessary, in sections 
running concurrently, and that more time be provided for business meetings. 

Committee on program to consist of Production Section Chairman and 
Secretary, and one member to be appointed by the chairman, but so 
appointed that the committee is continuous in operation, and only one new 
member be appointed each year. 

All Standing Committees were reappointed with their present personnel 
except as follows: 

Breeds Relations Committee. W. W. Yapp of Illinois appointed for a 
period of three years to succeed J. W. Bartlett, and H. A. Herman, serving 
unexpired term for Earl Weaver, appointed for three years, W. T. Crandall, 
Cornell, appointed chairman. 

A. A. Borland, chairman of the Nominating Committee, presented names 
for offices of Vice-Chairman and Secretary of the Section for 1940. II. A. 
Herman, Missouri, was elected Vice-Chairman, and K. S. Morrow, New 
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Hampshire, was elected secretary. W. E. Petersen of Minnesota, Vice- 
Chairman 1939-40, automatically becomes chairman for 1940-41. 

Respectfully submitted, 

(Signed) A. H. Kuhlman, Chairman 
H. A. Herman, Secretary 

Mr. Horrall, Chairman of the Program Committee, presented the follow¬ 
ing report which, upon motion duly seconded, was accepted: 


The Program Committee for the 35th Annual Meeting of the American 
Dairy Science Association consists of F. H. Herzer, Mississippi State College, 
T. S. Sutton, Ohio State University, E. V. Ellington, State College of Wash¬ 
ington, A. H. Kuhlman, Oklahoma A. and M. College, It. 0. Connelly, Vir¬ 
ginia A. and M. College, and B. E. Horrall, Purdue University, Chairman. 

The first call for titles for papers was made January 4, 1940, in a letter 
addressed to the heads of Dairy and Animal Husbandry Departments, 
Bureau of Dairy Industry and Secretaries of large Associations. A call 
for abstracts was made in the January, February, March, and April num¬ 
bers of the Journal of Dairy Science. All abstracts were due to be in the 
hands of the Program Chairman on or before April 15, 1940, to be included 
in the program. 

Six abstracts were received after the deadline of April 15. These were 
immediately sent back to the authors with our regrets that the abstracts were 
received after the deadline set by the committee. 

There were received before and on April 15, 126 abstracts, and they were 
distributed as follows: Manufacturing, 51; Production, 58; and Extension, 
17. 


(Signed) B. E. Horrall 
Chairman 


Resolution Committee 

Mr. Ragsdale, Chairman of the Resolution Committee, presented the fol¬ 
lowing report, which, upon motion duly seconded, was accepted: 

The American Dairy Science Association assembled in its 35th annual 
meeting at Purdue University wishes to express its appreciation for the 
hospitality, delightful entertainment, and splendid facilities provided by 
the officials and faculty of that University. 

Therefore, be it Resolved: That the membership of the Association pub¬ 
licly express its sincere appreciation to President E. C. Elliott; H. J. Reed, 
Dean and Director; Professor H. W. Gregory, and members of the depart¬ 
mental staff; A. P. Stewart, Director of Music, all of Purdue University, and 
to all agencies and organizations which cooperated with them in providing 
programs and entertainment, and in extending so many fine courtesies. 
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Whereas, the American Dairy Science Association feels that it is an 
inspiration to all and especially to the younger members to have the presence 
of those who have been long associated with this association: 

Therefore, be it Resolved: That we note with appreciation the great 
regularity of attendance of W. J. Frazier, C. C. Hayden, 0. F. Hunziker, 
and E. S. Guthrie, charter members; J. F. Frandsen, founder of the Jour¬ 
nal op Dairy Science, and those whom the association has seen fit to give 
honorary recognition because of long and exceptional service and leadership; 
namely, W. J. Frazier, 0. F. Hunziker, M. Mortensen, and J. F. Frandsen. 

The American Dairy Science Association also wishes to express its appre¬ 
ciation to the Borden Company for its continued interest in dairy research 
as indicated by its continuing awards for superior research in dairying and 
related fields. 

The American Dairy Science Association would like finally to express 
its appreciation to the members of the program committee who have been 
responsible for the organization of one of the finest programs ever presented. 
The members of this committee being F. II. Herzer, T. S. Sutton, E. V. 
Ellington, A. H. Kuhlman, R. G. Connelly, and B. E. Horrall, Chairman. 

Submitted by 

G. A. Bowling 

H. A. Harding 

C. C. Hayden 

C. A. Iverson 

A. C. Ragsdale, Chairman 

Mr. Borland reported for Mr, Brueekner, Chairman of the Committee on 
the Time of Meeting, and the report will be found in the minutes of the 
Board of Directors. 

Mr. Boxell, Chairman of the Registration Committee, reported the fol¬ 
lowing : 

The 1940 figures represent a total of 715 men, women, and children. Of 
the 480 men, approximately 388 registered as active members. 140 were 
listed as representatives of commercial concerns. This is only a preliminary 
report. The above figures are believed to be a trifle high. A complete and 
verified report will be submitted to the secretary at the earliest possible 
moment. 

(Signed) K. C. Boxell 

The Secretary then gave the summary of his report. 

The policy of this association is to have the Board of Directors handle 
most of the business of this association. However, it is the opinion of the 
Board that all reports that have been accepted by the Board of Directors 
should also come before this business session so that the membership will 
know as early as possible the action that the Board has taken. A copy of 
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the Certified Public Accountant’s Audit was made last January 25 and 
mailed to each of the Board of Directors. I will not burden you with the 
details of this report but I should like to compare for you the income of 
1935 with 1939. In 1935 it was $7,873 and last year it was $17,572. The 
report of the auditing committee was then read. See meeting of Board of 
Directors. 

This year we are publishing 2800 journals each month instead of 2500. 
The Board of Directors have recently authorized the expenditure of almost 
$900 to reproduce nine different numbers of the Journal, including all six 
numbers of Volume I. Our circulation in 1939 was 2,438. We had 1465 
members; 706 subscribers; 73 associate subscribers and 156 affiliates. This 
year we have taken in 50 new members. Illinois is leading the list with 10; 
Ohio, 5; New Jersey, 4; California, Indiana, and Minnesota, 3 each; Missis¬ 
sippi, Montana, Pennsylvania, Utah, Wisconsin, 2 each; and those having 
one are Alabama, Arizona, District of Columbia, Iowa, Kentucky, Louisiana, 
Massachusetts, New York, South Dakota, Texas, Vermont, and Quebec. 

This year President Guthrie appointed a membership committee and 
most of the efforts were in the direction of stressing the student affiliates. 
Last year we had 156, and this year thus far we have a total of 247. Iowa 
led the states with 47 affiliates, Ohio, 34; Illinois, 19; Washington, 16; Wis¬ 
consin, 13; Pennsylvania, 12; South Carolina and Texas, 11; New York and 
Virginia, 10; Indiana, 8; Massachusetts, 7; Connecticut, 6; Maryland, Michi¬ 
gan, Minnesota, 5; California, Missouri, Nebraska, and Tennessee, 3; Idaho, 
Oregon, Kentucky, and Vermont, 2; Georgia, Kansas. Montana, New Hamp¬ 
shire, New Jersey, Oklahoma, South Dakota, and West Virginia, 1. 

The minutes of the Board of Directors were then read. 

Upon motion duly seconded the minutes of the Board of Directors were 
accepted and the association approved and endorsed all action that the Board 
had taken during the past year. The Secretary then called their attention 
to the change in the By-laws made at the business meeting yesterday at 4:00 
p.m. The section 3, Article 5 was amended to read as follows: 

Amendment of Section 3, Article 5. 

The present section reads as follows: “Section 3—the Quorum of any 
meeting of the Association shall consist of not less than ten per cent (10%) 
of the membership.’* 

We propose to amend this section to read five per cent (5%) in lieu of 
ten per cent (10%) so that section 3 will read as follows: 

“Section 3—the Quorum of any meeting of the Association shall consist 
of not less than five per cent (5%) of the membership.” 

Back copies of the Journal are now available. It has been suggested 
that each investigator see whether or not your library has all the back copies 
of the Journal. They are now procurable from the secretary’s office, price 
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$5 per Volume up to 1933, $6 per Volume since 1934. Single copies may be 
procured at $1 each. 

The report of the Journal Management Committee was then read. For 
this report see the minutes of the Board of Directors meeting. 

Mr. Ellenberger then gave the following report of the Committee on 
Dairy Curricula: 

Speaking for the general committee, I may report that much work has 
been done by way of collecting and tabulating for study: (1) The objectives 
of all colleges offering curricula in agriculture and of departments in which 
students may take majors in any line of dairying, and (2) the individual 
courses offered in each curriculum. 

The existing variations as regards objectives, conditions, and facilities 
in the different states have been found to be so great that more detailed study 
must be made. Such study involves much work and time but progress is 
being made as rapidly as possible. 

Lengthy, well-attended committee sessions have been held here at Purdue 
resulting in much unanimity of opinion. Before the submission of recom¬ 
mendations to this body as to minimum subject matter requirements and 
curricula it has been decided that certain sub-committees should he set up 
to make detailed studies and suggestions as to minimum subject matter (not 
course) requirements in each of the following fields: 

For both Production and Manufacturing: 

Chemistry 

Mathematics and Physics 

Bacteriology 

English and Public Speaking 

Economics and Business 

Recommended Electives 

For Production: 

Biological science including Genetics 

Veterinary subjects as Anatomy, Physiology, Hygiene, and Pathology 

Dairy Production subjects including Nutrition and Feeding, Agricul- 
cultural Engineering and Mechanics 

For Manufacturing: 

Dairy products manufacturing subjects 

Dairy mechanics 

Subjects providing an agricultural background 

Committees are to be appointed promptly to consider all these subjects 
and report their findings by January 1, 1941. After existing committees 
have considered such reports in connection with other studies they are mak¬ 
ing, it is expected that an extended mimeographed statement, including rec- 
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ommendations will be submitted to all members previous to or at our next 
annual meeting. 

The committee has taken cognizance to the facts that (1) there are three 
divisions of work in our land grant colleges, teaching, research, and exten¬ 
sion, (2) the latter two are well provided for in the programs for our annual 
meetings and (3) this group, though originally organized as the Official 
Dairy Instructors Association now gives scant consideration in its programs 
to problems associated with teaching. After conferring with numerous as¬ 
sociation members and finding seeming unanimous approval this committee 
hereby requests that the president as chairman of the program committee 
appoint a committee of three to (1) prepare and submit a program on in¬ 
instruction for at least a one-half day session at our next annual meeting, 
to run concurrently with programs of the now established sections, and (2) 
bring before those who may attend that session a proposal for the establish¬ 
ment of a teaching or instruction section, said committee members to act as 
officers of the unorganized group for the coming year. 

Respectfully submitted, 

(Signed) H. B. Ellenberger 
Chairman 

Mr. C. E. Wylie then gave his report on the Curriculum on Production: 

The committee has continued its study of dairy production curricula 
according to the progress report made at the American Dairy Science Asso- 
iation meeting at Washington State College, June 30, 1939. 

1. The committee has initiated a special study of elementary dairy in¬ 
struction which has been referred to the General Curriculum Committee and 
is being handled by C. E. Wylie ahd H. P. Davis. 

2. The committee has divided its work and made assignments as follows: 
Objectives in teaching, C. Y. Cannon—Fundamental courses, I. R. Jones— 
Required dairy and agricultural courses, J. W. Bartlett—Elective courses, 
Chas. N. ‘ Shepard son—Relation of dairy manufacturing courses to dairy 
production courses, T. E. Woodward. 

3. The committee recommends that several papers be presented on the 
following subjects at the next annual meeting of the association, and that 
not less than onc-half day be devoted to dairy instruction. 

a. Methods and materials in teaching dairy husbandry—3 papers. 

b. Curriculum construction. 

c. Testing and Revising a Curriculum. 

Committee: J. W. Bartlett, I. R. Jones, C. N. Shepardson, 

T. E. Woodward, C. Y. Cannon, W. L. Clevenger, and 
C. E. Wylie, Chairman . 
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Mr. Mortensen submitted the report signed by Mr. Roadhouse on the 
Curriculum on Manufacturing. 

In continuing the work of the subcommittee on Dairy Manufacturers 
Curriculum during the present year, a copy of the last annual report was 
sent to all Dairy Departments with a request for comments. The report 
emphasized that an effort should be made to develop greater uniformity of 
dairy manufactures curricula which include sound basic training in order 
to give a good general education. The report also covered two points of view 
concerning the curriculum in Dairy Manufactures. 

1. That there should be a special curriculum for students majoring in 
Dairy Manufactures. 

2. That there should be one curriculum that would serve both manufac¬ 
turing and production field in basic training and allow a liberal choice of 
electives to serve the needs of students specializing in the separate fields. 

Dairy Departments of 24 states have responded. After analyzing these 
replies it appears that in those states where dairy manufacturing is less 
specialized a combined curriculum for both dairy production and dairy 
manufacturing is favored; in other colleges a separate curriculum for dairy 
manufacturing is preferred. The replies indicate that the instruction 
offered at the different colleges in applied subjects is adequate for the con¬ 
ditions that exist in the individual states. The greatest difficulty occurs 
when students w r ish to transfer their credits to other institutions. These 
students often find themselves handicapped by not having the necessary 
prerequisites for upper division and graduate instruction. 

It is recognized that the demands of the dairy industry in the different 
states make difficult the adoption of a uniform curriculum. This applies 
to the policies of the universities and colleges of the different states. With 
these conditions in mind, it seems desirable that this study be continued with 
a view to setting up two curricula, one for institutions where dairy produc¬ 
tions and dairy manufacturing are combined in one department and serve 
both phases of dairying and a second in which a separate curriculum is 
recommended for those colleges where dairy manufacturing is taught in a 
separate department. 

In spite of the difficulty of setting up a curriculum uniform in all par¬ 
ticulars it is recommended that curricula be made uniform with respect to 
minimum basic requirements. The committee is proceeding to develop 
recommendations for outlines of minimum requirements in basic courses and 
whether there should be different requirements for Manufacturing than for 
Production, 


(Signed) C. L. Roadhouse, Chairman 
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The Nominating Committee made the following report: 

For Vice-President: H. F. Judkins, New York; J. A. Nelson, Montana 
For Directors: EL B. Ellenberger, Vermont; C. E. Wylie, Tennessee; 

Kenneth N. Renner, Texas Tech.; A. C. Dahlberg, Geneva 

Committee: 

J. H. Frandsen 

(H. G. Lindquist, acting 
for Frandsen) 

T. B. Harrison 
Randall Whitaker 
J. A. Newlander 
H. W. Gregory 

The Nominating Committee stated that inasmuch as the Association now 
had 1,465 members made up of approximately 125 men from institutions 
connected with dairy manufacturing and 140 men from institutions con¬ 
nected with dairy production and 820 men from industries, the committee 
wishes to submit the name of a man connected with the industries and who 
w r as formerly connected with an educational institution. 

Honorary Member 

At the banquet on Thursday night, President Guthrie introduced Mr. 
Ellenberger who said: 

In years past this association has paid honorary tribute to three of its 
members who, with their wives as partners, and not silent partners either, 
have rendered outstanding service to our association and to the dairy in¬ 
dustry. I am requesting them to rise so that all, particularly the younger 
persons, may know them by sight as w’ell as by reputation. 

Professor William J. Fraser of Illinois, the founder of our organization, 
w T as presented a framed “token of appreciation” in 1933 for his “clear 
vision of the possibilities in advancing the cause of scientific dairying 
through a closer organization of the workers in the field” and for eminent 
service to the industry. 

Dr. Otto F. Hunziker of Chicago was presented a similar “tribute” in 
1934 for “outstanding leadership in dairy research and education” and in 
association affairs. 

Dr. Martin Mortensen of Iowa w r as given, in 1935, a framed “tribute” in 
recognition of his “eminent service to the dairy industry . . . and his 
devotion to our association.’* 

Now, five years later, in 1940, and in accordance with the decision of the 
awards board comprised of the three most recent past presidents, we are to 
honor and present a tribute to another of our members, Professor Julius H. 
Frandsen of Massachusetts. 
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Professor Frandsen was born in Story County, Iowa, the central county 
of the central state of the cornbelt. He was raised on a farm and has been 
associated with dairying in one form or another all of his life. He is a grad¬ 
uate of Iowa State College in the class of 1902, where I was a student with 
him and from which he received a Master of Science degree in 1904. In 
1906 Matilda Madison, another Iowa State College graduate, became his wife 
and a very active life partner. 

From 1904-1907 Professor Frandsen was engaged in commercial work 
for Professor Mortensen. In 1907 he was appointed the first Professor of 
Dairy Industry at the University of Idaho, where he remained as head of 
the department until 1911 when he became Professor of Dairy Husbandry 
at the University of Nebraska. While there he was instrumental in securing 
the erection of the dairy building, dedicated in 1917, then recognized as the 
finest building for college dairying in the country and still ranking as one of 
the best. 

Leaving the University of Nebraska in 1921 to become dairy editor of 
farm papers, he again returned to teaching and research in 1926 as Pro¬ 
fessor of Dairy Industry at the Massachusetts State College, the position 
which he now holds. 

Professor Frandsen served as president of the Official Dairy Instructor’s 
Association, as this organization was then named, during 1913 and 1914. 
In his presidential address of 1913 he made a strong plea for the establish¬ 
ment of a Journal to be published by our association in the interest of dairy 
science and research. From that time through 3914-1916, he at every op¬ 
portunity advocated the establishment of such a Journal. This ambition 
was realized, when at its 1916 annual meeting, this association approved the 
establishment of the Journal of Dairy Science and designated Professor 
Frandsen as Editor-in-Chief. It is interesting to note that this action was 
taken in Flint Laboratory, Amherst, Massachusetts, the building in which 
Professor Frandsen now has his office. 

As editor of tiie Journal of Dairy Science from May, 1917, to January, 
1928, Professor Frandsen has been the means of arousing, encouraging, and 
advancing dairy research in a way and to an extent now recognized as out¬ 
standing and important. 

We arc sorry that, because of illness, Professor Frandsen cannot be here 
tonight, but I am pleased to read the framed tribute which our president, 
I)r. E. S, Guthrie, will forward to him. 

JULIUS HERMAN FRANDSEN 
dairyman 

TEACHER, INVESTIGATOR, AND EDITOR 

In recognition of outstanding service to dairy science in America, par¬ 
ticularly in the conception, advocacy and establishment of the Journal of 
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Dairy Science, which he so carefully nurtured and successfully edited and 
managed for eleven years, a substantial and far-reaching contribution of 
inestimable value to the advancement of dairy research, teaching, and prac¬ 
tice, the American Dairy Science Association at its thirty-fifth Annual 
Meeting at LaFayette, Indiana, this twenty-seventh day of June, one thou¬ 
sand nine hundred and forty, honors Professor Julius Herman Frandsen 
and presents this tribute. 

R. B. Stoltz, E. S. Guthrie, 

Secretary President 

MEETING OF BOARD OF DIRECTORS AMERICAN DAIRY 
SCIENCE ASSOCIATION 

E. B. STOLZ 
S ecretary-Treasurer 

8: 00 p.M,, June 24, 1940 
West Lafayette, Indiana 

A meeting of the Board of Directors of the American Dairy Science Asso¬ 
ciation was held in the Memorial Union Building, Monday, June 24,1940, at 
8:00 P.M. 

Present: President E. S. Guthrie; Vice-President H. W. Cave; Secre- 
tary-Treasilrer R. B. Stoltz; Directors, Harold Macy, J. W. Linn, E. V. 
Ellington, M. E. Parker, C. N. Shepardson, Fordyce Ely. 

Absent: Director, Earl Weaver. 

President Guthrie called the meeting to order. 

Mr. 0. F. Hunziker, Chairman of the Journal Management Committee, 
submitted the following report : 

Your Committee on Journal Management beg to respectfully submit the 
following brief report: 

Financial; The income and outgo related to the business operation of the 
Journal of Dairy Science are given in detail in the Auditor's report for 
the year 1939, which shows a most gratifying increase in the net revenues 
of the Journal, and copy of which was mailed to every member of the Board 
by the Secretary-Treasurer. 

Twenty-Year Index of Journal: At last year's Annual Meeting your 
Committe recommended the preparation of an index covering the first 20 
volumes of the Journal of Dairy Science; we likewise suggested tentative 
arrangements and terms dealing with the actual work of indexing. 

Your Board approved the general idea of the desirability of such an 
index and referred the matter back to the Committee and editor for further 
investigation as to definite arrangements to get the work done, with instruc¬ 
tions to report our findings back to the Board. This was done. The Com- 
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rnittee was fortunate in securing the services of Dr. H. Macy to take charge 
of the index work under the terms stipulated in our original recommenda¬ 
tion, The Board approved our proposed arrangement and the job of index¬ 
ing was turned over to Dr. Macy. The author index has been completed 
and the subject index is in the process of preparation. 

Reproduction of Back Journals: In order to take care of orders for back 
numbers of the Journal, the Journal Management Committee recommended 
to President Guthrie that a sufficient sum he set aside for the reproduction 
of such back numbers of the Journal as are out of print. There are nine 
numbers of the Journal that are either entirely exhausted or of which only 
a few copies are left. Reproduction of these nine numbers will involve an 
approximate cost of $870.00. This recommendation has been approved by 
the Board, authorizing the Secretary-Treasurer to utilize the necessary 
amount (not in excess of $1,000.00) for this purpose. 

Length of Review Articles: The proper control of the length of Review 
Articles has developed into somewhat of a problem. You may recall that, 
upon the joint recommendation of the editor and this Committee, the Board 
approved in substance the following ruling on size of manuscripts acceptable 
for publication in the Journal. 

1. That manuscripts be limited, as far as possible, to twelve printed 
pages. 

2. That the cost of pages in excess of twelve be charged to the author on 
the basis of $5.00 per page. 

3. That, in the case of manuscripts of unusual merit, no charge be made 
for pages in excess of twelve. 

The above ruling was established prior to the advent of soliciting Review 
Articles for publication. It appears obvious from the very purpose and the 
consequent nature of review articles, that the above ruling on page limit 
should not be expected to apply to these special articles. These articles 
cannot be consistently limited to any such page limit, nor perhaps to any 
arbitrary page limit. 

However, experience with unduly long review articles suggested the 
advisability of providing some means to avoid receipt for publication of 
Review Articles of unreasonable length. It is our unanimous opinion that 
an approximate length of 25 printed pages may well be considered ample 
in most cases. In addition, we feel that it may prove helpful to the author 
and may be welcomed by him to mention to him, at the time the subject 
is assigned, the Journal’s conception of an approximate desirable page 
limit. 

At the same time, we consider undesirable any ruling that might em¬ 
barrass authors of review articles by any set page limit, and we bold that 
the most effective and acceptable control of the article-size must lie in the 
judicious selection of the subject and of the author. It is, therefore, by 
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efforts along these lines that we hope to accomplish satisfactory control of 
the page limit of review articles. 

Reorganization of Abstract Service: The preparation of plans for the 
early reorganization of the Abstract Service is now in progress. The pur¬ 
pose is to make this service more complete and to improve its quality. There 
appears to be too much delegation of responsibility, too unwieldy an organi¬ 
zation. We need fewer but more really conscientious abstractors. 

Control on the part of those in authority has been inadequate apparently 
largely because of the total absence of any financial consideration for this 
work. Your Committee respectfully recommend, therefore, that the prob¬ 
lem of compensating for abstract editors and abstractors be given serious 
consideration by the Board and that definite action he taken at this meeting. 

‘Respectfully submitted by 
The Committee on Journal Management 

A. A. Borland, 

It. B. Stoltz, 

0. F. Ht nziker, Chairman 

Mr. Ellington moved and Mr. Macy seconded that the report be accepted. 

Editor T. S. Sutton was then called upon, and presented the following 
report: 

Your Editor begs to submit the following brief report: 

:/. Summary of Journal Contents. 

.During the past year, duly, 1939, to May, 1940, inclusive, the Journal ob^ 
Dairy Science has carried 97 papers exclusive of the proceedings of the 
annual meeting, announcement material, necrologies, membership and circu¬ 
lation lists and abstracts. These 97 papers occupied 945 pages. 

A classification of these papers shows that 53 papers covering 450 pages 
were devoted to manufacturing, Ml papers covering 290 pages to production 
and 10 papers occupying 80 pages were of basic interest to both divisions. 
In addition, three review articles have been published occupying 119 pages, 
also a special report of the Students’ National Contest in Judging Dairy 
Products covering 4 pages. 

During the same period 94 pages have been devoted to announcement 
material, proceedings 34th annual meeting, membership lists, index, etc., and 
206 pages were occupied by abstracts of literature. This is 1245 pages in 
all. This does not include the June, 1939, issue which contains the pro¬ 
gram and abstracts of papers. 

Obviously, it lias been necessary to increase the Journal size somewhat 
in order to accommodate all accepted material without falling farther behind 
in publication. 
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2. Origin of Contributions, 

Last year we reported the origin of the papers for the year 1938 and 
1939 only. In this report we felt it would be of interest to report the origin 
of papers which appeared in the Journal from July, 1938, to May, 1940, 
inclusive. 

During this two-year period papers have been published originating in 
28 states, the United States Department of Agriculture, Canada and Hawaii. 
In addition, scientific papers prepared by two American Dairy Science Asso¬ 
ciation Committees have been published. The number of papers from any 
one state has varied from 1 to 21 for the period. The number of contribu¬ 
tions by states is shown in the accompanying table. 


CONTRIBUTIONS BY STATES; JULY 1938-MAY 1940 INCLUSIVE 


State 

Number 

Papers 

State 

Number 

Papers 

New York . 

21 

South Dakota . 

. 3 

Illinois . 

.... 18 

Arizona . 

. 3 

Wisconsin. 

.... 16 

Idaho . 

. 2 

Michigan . 

.... 14 

West Virginia. 

. 2 

U.S.D.A. 

.... 13 

Canada . 

. 2 

Iowa . 

.... 12 

Florida. 

1 

Minnesota . 

11 

Hawaii . 

. 1 

Pennsylvania . 

9 

Montana. 

. 1 

Kansas . 

8 

Nebraska . 

. 1 

New Jersey . 

8 

Nevada . 

. 1 

California . 

7 

North Dakota . 

1 

Oklahoma. 

6 

Oregon . 

. 1 

Ohio . 

5 

South Carolina . 

. 1 

Maryland. 

5 r 

Virginia . 

. 1 

Indiana . 

4 

Washington . 

. 1 

Committee reports. 

4 

Massachusetts . 

. 1 

Missouri. 

4 




28 states, U.S.D.A., Committee reports, Canada and Hawaii. 


3. Review Articles. 

During the past year three review articles have been published. A 
fourth has been received and is scheduled to appear in the July, 1940, issue. 

The published reviews have been well received. With a little special 
effort on our part, we were able to sell over 1,000 extra copies of the Journal 
in which one of these reviews appeared. 

Of those originally planned for, only a few are yet to be received. In 
view of this, a second group of reviews have been planned. The first of 
these probably will not be ready for the Journal until sometime this coming 
fall. 

In extending our invitation to these reviewers, we have suggested that 
the subject-matter field be limited in such a way that the review will not 
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be too lengthy, yet we insist that the literature within this restricted subject- 
matter field be completely covered. 

4. The Twenty-Year Index. 

The preparation of a 20-vear index is under way. The author index 
covering the first 20 volumes has been received. 

5. A Style Standard for Preparing Manuscripts . 

A committee appointed by President Guthrie is working on this impor¬ 
tant project. We trust that we will shortly have a report from this com¬ 
mittee to serve as a helpful guide in the preparation and editing of manu¬ 
scripts to be published in our Journal. 

6. The Abstract, Section. 

In certain areas this work lias been and continues to be highly commend¬ 
able ; in others, the work of abstracting has been neglected. A large number 
of those listed as abstractors have submitted no abstracts during the past 
year. A number of journals have not been abstracted. 

The proposed plan of reorganization embodies the following points: 

a. Reorganization of the abstract, editorial board. 

b. Reducing, by about one-half, the number of abstractors. 

c. Reallotment of those journals not regularly abstracted. It may be 
advisable to drop certain journals which do not carry articles of interest 
to the industry. 

d. Have special publications (Experiment Station Bulletins, leaflets, 
circulars, etc.) mailed direct to the editor’s office. These will then be sub¬ 
mitted to the abstract editor in whose subject-matter field they lie, for 
abstracting. 

To support and strengthen a feeling of responsibility to the Journal, 
and as an acknowledgment of the services rendered to the Journal, we 
recommend that the Board of Directors take favorable action on the sugges¬ 
tion of the Journal Management Committee regarding compensation of 
abstract editors and abstractors. 

Again we want to take this opportunity to address a word of appreciation 
to all of those who have given so generously of their time and efforts in 
assisting with the editorial work. Without this loyal support the task of 
managing the editorial affairs of the Journal would present an impossible 
problem. In particular, we wish to thank: the Journal Management Com¬ 
mittee for their wise council and helpful suggestions, the editorial board and 
others who have reviewed manuscripts, and the abstract editors and abstrac¬ 
tors for their generous contributions. To all of these and others we are 
grateful. To them should go the credit for any measure of success attained. 

Respectfully, 

T. S. Sutton, Editor. 
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Mr. Ely moved and Mr. Parker seconded the acceptance of the report. 

A letter from Mr. G. Bohstedt. was read concerning our Association con¬ 
tributing towards the financial support of Biological Abstracts. It was 
moved by Mr. Macy and seconded by Mr. Ellington that the letter be 
referred to the Journal Management Committee for recommendation. 

It was moved and seconded that the Secretary submit a proposed budget 
as suggested by past editor Dahlberg. 

It was moved by Mr. Cave and seconded by Mr. Macy that the Eastern 
Division be allotted $15.00 in addition to the usual $25.00 to meet their 
expenses for this year, and that a committee of three directors be appointed 
to make a study and to investigate the need for our Association in supporting 
the Divisions, and to define the geographical limits of the Divisions and 
report back to the Board of Directors. The committee appointed is as 
follows: 

J. W. Linn, Chairman 
E. V. Ellington 
Fordyce Ely 

Upon motion, duly seconded, the meeting was adjourned to meet in this 
room at 4:00 p.m. on Tuesday, June 25. 

MEETING OF BOARD OF DIRECTORS AMERICAN DAIRY SCIENCE ASSOCIATION 

i: 00 p.m., June 25, J9i0 

A meeting of the Board of Directors of the American Dairy Science Asso¬ 
ciation was held in the Memorial Union Building, Tuesday, June 25, 1940, 
at 4: 00 p.m. 

Present: President E. 8. Guthrie; Vice-President H. \V. Cave; Secre¬ 
tary-Treasurer R. B. Stoltz; Directors, Harold Macy, J. \Y. Linn. E. V. 
Ellington, M. E. Parker, C. N. Shepardson, Fordvee Ely. 

Absent : Director, Earl Weaver. 

The minutes of the Monday evening Board meeting were read and 
approved. The Secretary-Treasurer had previously sent a report of the 
Certified Public Accountant, giving an itemized list of receipts and expendi¬ 
tures, to each member of the Board of Directors. This report had been 
referred by the President to an auditing committee. 


May 20, 1940 

To the Members of the American Dairy Science Association 
Gentlemen: 

Mr. Walter C. Burnham, of Columbus, Ohio, Certified Public Ac¬ 
countant, has made an audit and report of the financial condition of 
the Association as of January 1,1940. The Auditing Committee lias 
conferred with Mr. Burnham and is satisfied that he has made a care¬ 
ful examination of all the assets and liabilities of the Association and 
that all the accounts are accurate. The committee is satisfied that the 
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balance sheet and related summary of profit and loss fairly represents 

Ihe financial condition of the American Dairy Science Association. 

Respectfully submitted, 

J. F. Lyman (Signed) 

I. R. Krill (Signed) 

W. L. Slatter (Signed) 

Auditing Committee 

American Dairy Science Association 

Mr. Sheplierdson moved and Mr. Linn seconded that the proposed budget 
as submitted be approved. 

A communication was read from a direct advertising and sales promo¬ 
tion company, and upon motion by Mr. Maey and seconded by Mr. Elling¬ 
ton. the matter was laid on the table. 

The committee, consisting of Mr. II. J. Brueckner, Chairman, and Mr. 
A. A. Borland, appointed by President Guthrie to study the result of the 
questionnaire pertaining to changing the time of the annual meeting re¬ 
ported as follows: 

It is the opinion of your committee, as a result of studying the replies 
from the various institutions to the questionnaire sent by Secretary Stoltz on 
September 7, 1939, that the latter part of June is the most satisfactory time 
for holding the annual meetings of the American Dairy Science Association 
and that if agreeable to the host institution, the meetings be held the last 
week in June in order to give the men from a few of the schools a little more 
time to get to the meetings. 

Members of Committee 
A. A. Borland 
H. J. Brueckner, Chairman 

The report of the committee was accepted, and it was the consensus of 
opinion of the Board that they preferred the time of meeting to be held in 
Vermont to be the week of June 23. 

The Board then adjourned to meet at 9: 30 p.m. 

MEETING or HOARD OF DIRECTORS AMERICAN DAIRY SCIENCE ASSOCIATION 
9: 30 P.M., June 1940 

A meeting of the Board of Directors of the American Dairy Science 
Association was held in the Memorial Union Building, Tuesday, June 25, 
1940, at 9:30 p.m. 

Present: President E. S. Guthrie; Vice-President II. W. Cave; Secretary- 
Treasurer II. B. Stoltz; Directors, Harold Maey, J. D. Linn, E. V. Ellington, 
M. E, Parker, C. N. Shepardson, Fordvce Ely, Earl Weaver. 

A petition was presented from the New York State School of Agriculture 
at Alfred, New York, petitioning to have a junior chapter of the American 
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Dairy Science Association. The Secretary was instructed to advise the 
School of the clause in the by-laws stating that student chapters may be 
formed in four-year agricultural colleges, and inasmuch as this agricultural 
school is a two-year course, they would be ineligible. 

The Secretary was authorized to approve all other applications of student 
branches that conform with the regulations. 

A communication was read from the Union of American Biological 
Societies. Upon motion duly seconded this was referred to the Journal 
Management Committee. The President was authorized to appoint a rep¬ 
resentative to the National Research Council. 

Upon motion by Mr. Ely and seconded by Mr. Shepardson, the Secretary 
was instructed to enclose a suitable application blank for the Borden award 
in the letter that goes to the membership with ballots, the blank to contain 
a brief copy of the rules. 

Mr. Weaver resubmitted the invitation from the Michigan State College 
for the Association to hold its annual meeting in 1942. Mr. Cave moved and 
Mr. Ellington seconded that the invitation be accepted. 

Mr. Ely moved and Mr. Macy seconded that the Secretary be instructed 
to send the secretaries of the various divisions their allotment to spend as 
they see fit in the interest of the division meetings. 

Mr. Shepardson moved and Mr. Weaver seconded that the President 
appoint a committee from the Board, one Board member to represent each 
of the three sections to go before the business meeting of the section on 
Wednesday afternoon at 4: 00 p.m., and discuss with the sections the policies 
of their program, and request that the sections take action and appoint a 
rotating program committee to meet with the Board of Directors at 6:00 
p.m, Wednesday. The following Board members were appointed: Mr. Cave 
to meet with the Production Section; Mr. Shepardson, the Extension Sec¬ 
tion; and Mr. Parker, the Manufacturing Section. 

Upon motion duly seconded the Secretary was authorized to submit an 
amendment to our by-laws at the meeting Thursday afternoon at 4: 00 p.m., 
changing the necessary attendance to make a quorum from ten per cent to 
five per cent. 

Upon motion duly seconded the meeting was adjourned to meet again 
Wednesday at 6:00 p.m., the place to be designated on the bulletin board. 

MEETING OF BOARD OF DIRECTORS AMERICAN DAIRY SCIENCE ASSOCIATION 

6: 00 p.m., June 26, 1910 

A meeting of the Board of Directors of the American Dairy Science Asso¬ 
ciation was held in the Memorial Union Building, Wednesday, June 26, 
1940, at 6:00 p.m. 

Present: President E. S, Guthrie; Vice-President H. W. Cave; Secretary- 
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Treasurer R. B. Stoltz; Directors, Harold Macy, J. W. Linn, E. V. Ellington, 
M. E. Parker, C. N. Shepardson, Fordyce Ely. 

Absent: Director, Earl Weaver. 

Invited Guests: Extension Section—O. J. Hill, G. E. Vergeront. Pro¬ 
duction Section—G. H. Wise, Glenn Salisbury and W. E. Petersen. Manu¬ 
facturing Section—B. E. Horrall, P. A. Downs, P. S. Lucas. Also J. A. 
Nelson, H, B. Ellenberger, and II. W. Gregory. 

Mr. Macy moved and Mr. Parker seconded that it be the recommendation 
of the Board that the program committee arrange for a program provid¬ 
ing for:— 

(1) symposia 

(2) the presentation of original papers 

(3) committee reports 

Mr. Macy moved and Mr. Ellington seconded that it be recommended 
by the Board that the general program committee consist of the Retiring 
President, acting as chairman, and the chairman of the other three sectional 
program committees. 

The Board then adjourned. 

MEETING OF BOARD OF DIRECTORS AMERICAN DAIRY SCIENCE ASSOCIATION 

5: oo P.M., June 27 , WiO 

A meeting of the Board of Directors of the American Dairy Science Asso¬ 
ciation was held in the Memorial Union Building. Thursday, June 27, 1940. 
at f>: 00 P.M. 

Present: President E. S. Guthrie; Vice-President H. W. Cave; Secretary- 
Treasurer K. B. Stoltz; Directors, Harold Macy. J. W. Linn, E. V. Ellington, 
M. E. Parker, C. N. Shepardson. 

Absent: Directors, Fordyce Ely and Earl Weaver. 

The previous minutes of the Board of Directors were read and approved. 

Mr. Shepardson moved and Mr. Parker seconded that the host institution 
and the division and sections be furnished Association letterheads for their 
official business. 

Upon motion duly seconded the Board then adjourned. 
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AMERICAN DAIRY SCIENCE ASSOCIATION PRESENTED 
BORDEN AWARDS TO B. W. HAMMER AND C. W. 

TURNER 

at the 

ANNUAL BANQUET 

Purdue Memorial Union Building 
West Lafayette, Indiana, June 27, 1940 

H. W. Gregory, toastmaster, made the following statement: 

4 * Since 1936 we have had an award, which the American Dairy Science 
Association has prized very highly. The Borden Company, recognizing the 
valuable work of those working in the field of dairy science, has offered to 
the Association two annual awards of $1,000 in cash and a medal for meri¬ 
torious scientific work in the field of dairy science. These awards are prized 
highly by the Dairy Science Association. We have a representative of the 
Borden Company here with us, and I would just like at this point for him 
to stand, and I will introduce him as W. A. Wentworth, of the Borden Com¬ 
pany. It may be well for me to state the requirements for those who are 
eligible for this award. I would like to introduce the man who will present 
the recipient for the manufacturing award.” 

Mr. N. W. Hepburn: 

44 In the study of almost any important industrial development it early 
becomes ajiparent that practically all notable advancements in the field 
under observation can be traced to some individual working in a laboratory, 
with characteristic modesty, and often in relative obscurity. 

“These findings become tools in industry’s daily operations and some¬ 
times little thought is given to their origin. It is indeed gratifying to find 
in our dairy industry, whose progress is marked with a similar pattern, an 
outstanding organization ready and willing to acknowledge indebtedness 
to individuals whose work has contributed measurably to its growth and 
success. The Borden Company has caught the vision of science’s relation 
to industry and by means of its annual awards extends recognition for work 
well done. On this occasion, I think it fitting that we express our appre¬ 
ciation for the stimulus to research in dairying that is in this manner given. 

44 The American Dairy Science Association, on this, the thirty-fifth annual 
meeting very properly devotes a general session to commemorating the work 
of one of America’s great dairy scientists, the late Dr. Babcock, who is re¬ 
membered not alone for the contributions he made but as much for the 
inspiration he gave to his contemporaries and those who followed after him. 

4 4 Speaking of contributions and inspiration, tonight we are happy to par¬ 
ticipate in a program of giving special recognition to another beloved dairy 
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scientist—one who has fully earned the affection in which he is held—by liis 
work, by his character, and by the leadership and inspiration he has given. 
The list of students who have made great strides—and particularly those 
w T ho have received their Ph.D. degrees—under his leadership, is impressive, 
and we who have the good fortune to be counted among his friends cannot 
fail to realize that, with these great groups he has shared his lovable char¬ 
acter and his inspiration as teacher and counselor. May his good work 
go on. 

“Now we have come to the time, Mr. Wentworth, when it is my great 
pleasure to present to you, in behalf of the Committee on Awards, of the 
American Dairy Science Association, Dr. B. W. Hammer, to receive the 
1940 Borden award in Dairy Manufacturing, 

“The rules of the American Dairy Science Association require that the 
award be given for outstanding research in the field of dairy manufactures, 
the results of which have been published during the preceding five-year 
period. 

“The list of candidates placed before the members of the Dairy Manu¬ 
facturing Award Committee was impressive, indeed, and the Committee 
gave all the most careful consideration. Dr. Hammer, of the Iowa State 
College, was unanimously chosen for this honor. 

“Dr. Hammer was born October 7, 1886, at Hillsboro, Wisconsin. After 
graduation from the Hillsboro High School in 1904 he entered the Univer¬ 
sity of Wisconsin, graduating with the B.S.A. degree in 1908. He con¬ 
tinued his studies at the University of Wisconsin under Dr. E. G. Hastings 
and was assistant in agricultural bacteriology in 1908-1909. He was then 
appointed bacteriologist, associate with Dr. M. P. Ravenel at the Wis¬ 
consin State Hygienic Laboratory, at the University of Wisconsin, from 
1909-1911, after which he joined the Department of Dairy Industry at 
Iowa State College in 1911 and has since 1916 been chief in dairy bac¬ 
teriology of the Iowa Agricultural Experiment Station and Professor of 
Dairy Bacteriology. 

“Dr. Hammer was selected for this honor on his contributions including 
studies on the flavor and aroma constituents of butter and cheese, factors 
involved in the deterioration of butter, factors involved in the ripening of 
various cheeses, improvement in the methods for the manufacturing and 
curing of cheese, classification of microorganisms important in dairy prod¬ 
ucts, action of various microorganisms on dairy products and development 
of new laboratory methods. 

“Dr. Hammer's research has been both fundamental and practical It 
is known, not merely throughout the United States, but in any country 
where dairying has been developed. Dr. Hammer is not merely known for 
his research—he is also recognized as one of the outstanding teachers in 
the Dairy Industry field and his textbook on dairy bacteriology is the 
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standard textbook not only in the United States, but also in many foreign 
countries. 

Mr. Wentworth, 1 take great pleasure in presenting Dr. B. W. Hammer 
to you for the Borden Award.” 

Mr. W. A. Wentworth: 

4 ‘Dr. Hammer, it gives me a great deal of pleasure to present to you 
this award on behalf of the Borden Company, and with it goes a slip of 
paper, which I am deeply happy to present.” 

Mr. Gregory, the toastmaster, then introduced Mr. S. I. Bechdel, of 
Pennsylvania State College, Chairman of the Production Awards Com¬ 
mittee, who presented the recipient for the production award: 

“In accordance with the regulations governing the Borden Awards 
adopted by the Board of Directors as reported in the August, 1939, issue 
of the Journal of Dairy Science, it is the duty of the Award Committee 
in Dairy Production to select the person to be the recipient this year. The 
three members of this Committee gave careful consideration to the creden¬ 
tials of the nominees submitted by the Nominating Committee and have 
unanimously chosen Doctor Charles Wesley Turner, Professor of Dairy 
Husbandry, University of Missouri, Columbia, Missouri, to be honored with 
the award. The choice of Doctor Turner is based upon his outstanding and 
extensive fundamental research on the physiology and anatomy of the 
mammary gland. His fundamental work on the endocrinology of milk 
secretion has established new facts in this field and as a result he is receiv¬ 
ing world-wide recognition. Although his research work along these lines 
has covered a twelve year period, the Committee would call attention to the 
fact that a total of 52 scientific papers, 10 scientific bulletins, 2 books, and 
5 popular bulletins have been published under the authorship of Doctor 
Turner and his colleagues within the last five years. He has brought honor 
to himself and to the American Dairy Science Association through his un¬ 
tiring efforts to serve the industry in the field of Dairy Production. Mr. 
Wentworth, it is a real pleasure to present to you Doctor Charles Wesley 
Turner as the recipient of the Borden Award in Dairy Production.” 

Mr. Wentworth then said: 

“Dr. Turner, may I again present this award on behalf of the Borden 
Company and the American Dairy Science Association, commending you on 
the work that you have done, and as I have said before, with it goes this slip 
of paper. 

“Mr. Chairman, members of the American Dairy Science Association, 
and ladies and guests. This is the fourth year that this Association has 
given recognition to those in your ranks of your membership, who have done 
such meritorious work in research that you have seen fit to name them as 
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the outstanding men of the year. I am sure that it is considered a privi¬ 
lege on the part of the Bordon Company to join with you on that type of 
recognition. The company feels, as I know you do, and as has been said 
formerly here by speakers, that this industry is permanently founded when 
research is at its best. Tonight you have added to those names who have 
previously been given this award. I want to mention those other names, 
who have previously received it so that perhaps it will be fresh in your 
mind. 

1937— Dr. L. A. Rogers and Dr. C. F. Huffman 

1938— Dr. K. G. Weckel and Dr. W. E. Krauss 

1939— Dr. 8. L. Tucker and Dr. R. E. Hodgson 

“So you men of the American Dairy Science Association have named 
eight men, who are outstanding in the field of research in dairying. Let 
those men and those names be an inspiration to the rest of you and to the 
rest who have come in the recent years to do in this industry so that it may 
better serve the welfare of the producers and the welfare of consumers in 
this great land. 1 thank you. ” 




JOURNAL OF DAIRY SCIENCE 

Volume XXIJI September, 1940 Number 9 

LIPOLYTIC ACTIVITY JN MILK AND CREAM 

J). C. KOAIIEN and 11. II. SOMMER 
Depart mm t of Dairy Industry, T’nivrrsily of Wisconsin 

Lipase in milk was first convincingly demonstrated in work reported by 
Maass (1) in 1909. Sterilized cream, with formalin as a preservative, on 
inoculation with raw’ cream, showed increases in acidity on incubation, with 
the increases proportional to the inoculum. Greater increases w’ere caused 
by cream from milk late in the lactation period. However, as late as 1922 
Palmer (2) failed to demonstrate the presence of lipase in milk, but Rice 
and Markley (3), reporting in the same journal issue, demonstrated lipase 
by the increase in acidity that developed in a substrate of boiled cream, 
saturated with sugar, and inoculated with raw milk. Later in the same year 
Palmer (4) reported lipase in milk taken near the end of the lactation 
period, and attributed the development of a bitter flavor and rancid odor 
in such milk mainly to butyric acid set free by lipolysis. Since then the 
presence of lipase in milk has been generally recognized, and many interest¬ 
ing facts have been reported concerning its activity. 

In studying the lipolytic activity of milk various procedures have been 
used. Early methods have been reviewed by Rice and Markley. In the 
early work various preservatives, including chloroform and formaldehyde, 
were used to exclude bacterial action, but chloroform was found to retard 
lipase action (5), and formaldehyde also limits it. The finding that for¬ 
maldehyde limits lipolysis to various extents in different milk samples led 
Herrington and Krukovsky (6) to postulate at least, two lipases in milk. 
In more recent work chemical preservatives have been avoided by using 
sugar-saturated-cream as the substrate (3), or by making the observations 
on the milk or cream itself, allowing lipolysis to proceed at low temperatures 
to limit bacterial activity (6), or by using a buffer substrate containing tri- 
butyrin (7). The extent of lipolysis has usually been measured by titration 
with standard alkali, the increase in titer being attributed to free fatty acids. 
The titrations have been applied to the sample directly, with or without the 
addition of organic fat solvents to make the free fatty acids more accessible, 
or to the fat obtained from the sample by churning and oiling-off the result¬ 
ing butter (6), or to the steam distillate from the sample (7). The decrease 
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in surface tension resulting from lipolysis in milk has been suggested as a 
measure (8). 

The view has persisted that lipolytic activity in milk is greatest near 
the end of the lactation period. Since the work of Maass (1) and Palmer 
(4) various reports have tended to confirm this view. Sharp and DcTomasi 
(9) in reporting on lipolysis in raw cream adopted this view. Hileman and 
Courtney (10) attributed the maximum lipolytic activity in December and 
January in part to the lactation cycle. Krukovsky and Sharp (11) attrib¬ 
uted the slow churning of cream from cows in advanced lactation to lipolytic 
action. Yet studies of this factor have failed to establish a close relationship 
between lipase content and the lactation period. Mattick and Kay (7), 
working with a buffered tributyrin substrate, failed to find a higher lipase 
(butyrinase) content in advanced lactation. Pfeffer, Jackson and Wcckel 

(12) , working with sugar-saturated-cream substrate, failed to find a rela¬ 
tionship between lipase content and the stage of lactation. Even when the 
fat in the milk sample itself served as the substrate, thereby involving dif¬ 
ferences in fat content, fat globule sizes and surface area of! the fat, Herring¬ 
ton and Krukovsky (6) found no relationship between lipolysis and the 
stage of lactation, stage of gestation, or the amount of milk produced by 
each cow. 

The study of the lipase content of milk is complicated by the factors that 
greatly alter the activity of the lipase that is present. Dorner and Widmer 

(13) found that homogenization of raw milk greatly increased subsequent 
lipolysis. This has been confirmed repeatedly and is generally assumed to 
be due to the increased area of contact between the fat and the aqueous phase 
containing the lipase, but may possibly involve other factors (12). Kru¬ 
kovsky and Sharp (14) have reviewed the literature pertaining to activation 
of lipase by shaking and have confirmed and extended it to show’ that shaking 
is particularly effective when the fat is in the liquid state. Herrington and 
Krukovsky (6) found less lipolysis in milk that was cooled rapidly by means 
of a tubular cooler as compared w r ith the same milk cooled in air at 0° C. 
or in water at 0° 0. They also found that precooling followed by warming 
activated the lipase as subsequently observed at lower temperatures. The 
effectiveness of the precooiing increased as the temperature was lowered 
from 25° 0. to 0° C., but the duration of the precooled condition seemed to 
be of little importance. The effectiveness of the warming after the pre¬ 
cooling increased up to 30° C. and beyond this the effect decreased so that 
at about 37° C. the effect of the precooling was undone. The earlier finding 
by Sharp and DeTomasi (9) that less lipolysis takes place in cream from 
milk forewarmed to 110°-115 o F. and separated at 75°-85° F. than in cream 
from the same milk forewarmed and separated at 75°-85° F., might be due 
to these activation factors. Davies (14) found that lipolysis was inhibited 
by heavy metals, especially copper. Herrington and Krukosvky (6) found 
that 0.2 and 0.4 p.p.m. of copper reduced lipolysis at 0° C. about 20 per cent. 
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METHOD 

In this study lipolysis was observed in (a) samples of milk and cream 
held in a refrigerator (near 0° C.), and (b) sugar-saturated-cream inocu¬ 
lated with samples of skim milk, milk or cream, and held at 37° C. The 
sugar-saturated-cream was prepared from 40 per cent cream by adding 2 
parts of sucrose to every 1 part of water naturally present in the cream, 
heating to 145° F., homogenizing at 1,500 lb. pressure, portioning the product 
into bottles, and sterilizing in streaming steam for 30 minutes. In this 
manner the substrate could be prepared and kept in batches of sufficient 
size to serve several series of experiments. 

Lipolysis was followed by determining the titer of the steam distillate 
at the start and after holding. For this purpose 20 grams of the sample were 
acidified with 1.2 ce. N/l sulphuric acid and then subjected to steam distil¬ 
lation, collecting 200 cc. of distillate in a closed receiving vessel fitted with 
a soda lime tube. This distillate was titrated with N/50 sodium hydroxide 
from a microburette using 5 drops of 1 per cent phenolphthalein as indica¬ 
tor. The following precautions were found essential: Use glass equipment 
fitted throughout with glass joints. Generate the steam from distilled water, 
and before placing the 20 grams of the sample in the distilling flask, free 
the water and the equipment from carbon dioxide by distilling over at least 
150 cc. of distillate. Keep the distilling rate reasonably uniform, and keep 
the volume of the sample substantially constant by placing a small flame 
under the distilling flask. With these precautions duplicate determinations 
consistently checked within 0.03 ce. 

While this procedure measures only the volatile, soluble acids, the results 
are comparable in a series of samples where the fat is the same. Jn the case 
of the sugar-saturated-cream experiments the fats differed only to the slight 
extent that fat was introduced in the inoculum. 

In experiments reported in tables 2 and 5, where cream samples were 
held at refrigerator temperature, fat samples were obtained by churning 
and oiling-off for a comparison of the acid number of the fat by the Herring- 
ton-Krukovsky procedure with the titer of the steam distillate from the 
cream samples. The results were quite closely parallel. 

EXPERIMENTAL 

The Effect of Tributyrin and Formaldehyde on Lipolysis 

As a check on the method of procedure here adopted and on the results 
reported in the literature, the sugar-saturated-cream substrate was inocu¬ 
lated with 40 per cent, raw cream, without and with further additions of 
tributyrin and formaldehyde as shown in table 1. 

Formaldehyde limited lipolysis to about a third or a half, and tributryin 
greatly increased lipolysis as measured by the titer of the steam distillate. 
In both cases no distinction was apparent between the two levels of addition. 
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TABLE 1 

The effect of trihutyrin and formaldehyde on lipolysis 


Sample 100 grams substrate inocu¬ 
lated with 10 grams 40% raw 
cream j)lus 

Acidity 

of steam distillate, cc. N/50 NaOII, 
after incubation at 37° C. for 

Ohr. 

24 hr. 

48 hr. 

96 hr. 

Control, no further additions 

0.50 

2.76 

4.00 

5.90 

Fomini in,* 0.05 t*c.. 

0.49 

1.35 

1.47 

1.79 

Formal in, 0.15 ec. 

0.50 

1.37 j 

1.49 

3.77 

Trihutyrin, 1 gram . 

1.51 

10.27 

16.33 

18.69 

Trihutyrin, 2 grams . 

2.23 

10.27 

16.33 

18.69 

Control, no further additions 

0.38 

2.31. 

3.87 

4.99 

Formalin, 0.15 ee. . 

0.38 

1.16 

1.45 

1.80 

Trihutyrin, 1 gram . 

1.69 

9.43 

15.21 

I 

18.00 

Control, no further additions 

0.46 

5.41 

j 6.63 

7.01 

Formalin, 0.15 ec. . 

0.46 

1.86 

2.61 

2.93 

Trihutyrin, 1 gram .. 

1.96 

12.60 

J7.17 

21.03 


* Containing 37 per cent formaldehyde. 


A Comparison of Machine Separated and Gravity Separated Cream 

Since the lipase is present in the aqueous plasma of cream but may be 
associated with the fat to a greater or lesser extent by adsorption, it was of 
interest to compare lipolysis in separator cream and gravity cream from 
the same original milk. The extreme difference in the forces applied in the 
two methods of separating the cream from the milk might affect the distribu¬ 
tion of the lipase. 

The milk and cream used in this experiment represents mixed milk from 
a number of dairies as received for the commercial operations of the Univer¬ 
sity Creamery. With the milk forewarmed to 30-35° C. in the commercial 
separating operations, cream and skim milk were obtained simultaneously 
and at the same moment some of the same milk, but not forewarmed, was 
taken for gravity creaming. These samples were obtained in the morning, 
were cooled to and held at 2~3° C. until mid-afternoon when the gravity 
cream was removed from the milk. The gravity cream was tested for fat 
(usually about 20 per cent fat) and the separator cream in each comparison 
was standardized to the same fat content by adding the proper amount of 
the separator skim milk. A portion of the standardized, separator cream 
was pasteurized at 145° F. for 30 minutes to serve as a control. The three 
samples,—pasteurized cream, separator cream and gravity cream, were held 
at 2-3° C. for lipolysis observations by two methods: (a) by determining the 
titer of the steam distillate from 20 grams of the cream, and (b) by churning 
the cream and determining the acid number of the fat by the method of 
Herrington and Krukovsky (6). Eight such comparisons were made, and 
in each case the gravity cream showed significantly greater lipolysis than the 
separator cream in spite of the fact that the separator cream was favored by 
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the activating effect of forewarning while the gravity cream was not Typi¬ 
cal results are given in table 2. 


TABLE 2 

A comparison of machine separated and gravity separated creams 


Sample 

Acid number* of fat 
after holding at 

2-3° C. for 

Acidity of distillate t 
after holding at 
2-3° C. for 


0 hr. 

48 hr. 

Ohr. 

48 hr. 

Control (pasteurized cream) 

0.38 

0.10 

0.60* 

0.71 

Separator cream 

0.38 

0.60 

0.60 

8.63 

Gravity cream. 

" 

0.38 

0.68 

0.71 

0.11 

Control (pasteurized cream) 

0.40 

0.40 

0.58 

0.61 

Separator cream . 

0.40 

0.56 

0.57 

7.40 

Gravity cream j 

0.40 

0.6] 

0.60 

0.36 

| 

Control (pasteurized cream) ! 

0.36 

0.36 

0.71 

0.71 

Separator cream i 

0.36 

j 0.60 ; 

0.71 

8.37 

Gravity cream j 

0.38 

| 0.60 ! 

0.74 

11.29 

Control (pasteurized cream) i 

0.34 

i 0.35 1 

0.87 | 

0.80 

Separator cream 

Gravity cream 

0.34 

! 0.58 | 

0.87 

6.83 

0.33 

0.63 j 

0.01 

0.12 


* Co. of N/20 Xu Oil to titrate the acidity in 5 grains of fat. 
t (V. of N/50 NaOH to titrate the steam distillate from 20 grams of cream. 


The Effect of Shaking on Lipolysis 

The effect of shaking on Ji poly sis was observed on samples of milk, on 
samples of the same milk in sugar-saturated-cream, and on samples of cream 
and corresponding skim milk in sugar-saturated-cream. All of these sam¬ 
ples., including those prepared with the sugar-saturated-cream substrate, 
were held at 3-4° C. except during the shaking period, when all of them 
including the controls (unshaken), were brought to 25° C. The shaken 
samples were shaken during the first three hours of each 24-hour period in a 
mechanical shaker in which they travelled horizontally in a path 1 \ inches 
long at the rate of 195 strokes (complete cycles) per min. Lipolysis was 
measured by the steam distillation and titration procedure applied at 0, 24, 
48, and 96 hours. The results are given in table 3. 

Where the milk samples without additions were held, shaking increased 
lipolysis, but where the milk, cream or skim milk was used to inoculate the 
sugar-saturated-cream substrate, shaking caused a decrease. In the former 
case the increase w r as apparently due to washing the fat surface free from 
end products; increased fat surface due to dispersion of the fat could 
hardly be involved since the conditions were conducive to churning. In the 
inoculated substrate this apparently is not a limiting factor, and shaking 
then produces the detrimental effect that is quite common for enzyme action. 
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TABLE 3 

The effect of shaking on lipolysis 


Sample 

Acidity of steam distillate in cc. of N/50 NaOH 
after holding* time of 

0 hr. 

24 hr. 

48 hr. 

96 hr. 

Whole milk No. 1. 

1.22-1.221 

2.27-3.22 

3.26-5.05 

4.16-6.69 

Whole milk No. 2 . 

1.72-1.72 

1.91-2.72 

2.22-3.07 

2.42-3.57 

Whole milk No. 3 . 

1.40-1.46 

1.80-2.76 

2.20-3.07 

2.59-4.60 

Whole milk No. 4 . 

1.33-1.33 

2.35-2.41 

3.88-4.08 

4.26-5.69 

Whole milk No. 5 . 

1.41-1.41 

2.43-2.99 

4.03—4.47 

4.69-5,99 

Whole milk No.* 6 . 

1.09-1.08 

2.17-2.81 

3.64-4.00 

4.19-5.71 

Whole milk No. 7 . 

1.20-1.26 

2.22-2.93 

3.67-4.20 

4.39-5.91 

100 grams of sugar ^saturated- 





cream plus 10 grams of: 





Whole milk No. 4 . 

1.89-1.89 

2.43-2.36 

3.91-3.42 

5.64-4.63 

Whole milk No. 5 . 

1.91-1.91 

2.78-2.65 

1 4.12-3.68 

6.94-5.78 

Whole milk No. 6 . 

1.80-1.80 

2.31-2.19 

! 3.45-2.97 

6.44-5.23 

Whole milk No. 7 . 

1.83-1.83 

2.75-2.70 | 

1 3.54-2.75 

6.36-5.39 

Whole milk No. 8 . 

1.84-1.84 

2.44—2.29 

1 3.30-2.98 

! 5.63-4.77 

110° F. cream from No. 8$ . 

2.04-2.04 

2J6-2.59 i 

| 3.34-3.04 

1 4.78-4.77 

110° F. skim milk from No. 8 

1.93-1.93 i 

2.59-2.40 

1 3.11-2.97 

5.18-4.56 

75° F. cream from No. 8 . 

1.80-1.80 

! 2.51-2.41 j 

3.44-3.27 I 

5.22-4.85 

75° F. skim milk from No. 8 

1.84-1.84 ! 

! 2.63-2.30 

3.38-2.83 | 

5.62-4.91 


* The holding temperature was 3-4° G. except during the first 3 hours of every 24-hour 
period when the temperature was 25° C. 

t In these pairs of figures the first is the value found for the unshaken sample, the 
second for the corresponding shaken sample. 

t The temperature here refers to the temperature of the milk at the time of separation. 

The Effect of Temperature on Lipolysis 

To observe the effect of the several temperature levels used in this and 
other work, sugar-saturated-cream was inoculated with whole milk in the 
proportion of 10 to 1 and held at refrigerator (3-4° C.), room (27° C.), and 
incubator (37° C.) temperatures. At 0, 24, 48, and 96 hours, portions were 
steam distilled and the distillate titrated. Duplicate determinations in this 
case were made by using 2 samples at each temperature with the samples 


TABLE 4 

The effect of temperature on lipolysis 


Temperature 

°c 

Acidity of the steam distillate in cc. of N/50 NaOH after holding 
at the specified temperature for 


Ohr. 

24 hr. 

48 hr. 

96 hr. 

3-4 . 

0.83-0.83* 

3.42-3.54 

4.05- 4.22 

4,26- 4.31 

27 . 

0.83-0.84 

3.85-4.13 

8.81- 9.28 

9.78-10.10 

37 . 

0.83-0.83 

4.04-4.06 

10.67-11.01 

12.08-12.31 

3-4 . 

0.69-0.09 

2.78-2.79 

3.47- 3.22 

3.01- 3.01 

27 . 

0.69-0.69 

3.11-3.01 

8.01- 7.88 

10.10- 0.80 

37 . 

0.68-0.69 

3.64-3.50 

9.10- 8.97 

12.40-12.38 


# Paired figures represent duplicate determinations hut with different batches of sub* 
strate (hatches 1 and 2 in the first serieR, batches 1 and 3 in the second). 
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prepared from different batches of substrate blit inoculated with the same 
milk throughout. The experiment was repeated using one of the former 
batches of substrate and a new batch. The results are given in table 4. 

The results were in harmony with expectations; lipolysis was most exten¬ 
sive at 37° C., slightly less at 27° C. and decidedly less at 3-4° C. in the case 
of 48 and 96 hour holding. However, the difference after only 24 hours 
holding was surprisingly small. A slight difference in the duplicate deter¬ 
minations is attributable to the substrates; in the first series batch 1 con-* 
sistently yielded lower results than batch 2, and in the second series, batch 1 
yielded higher results than batch 3 in practically all cases. 

The Effect of pH on Lipolysis 

To observe the effect of hydrogen ion concentration on the rate of lipolysis 
a series of samples, ranging from about pH 6.2 to 9.0, were prepared from 
40 per cent raw cream with appropriate additions of N/l lactic acid or N/l 
sodium hydroxide as required. The samples w r ere held at 3-4° C. for 48 
hours. At 0 and 48 hours the pH of the samples was determined at room 
temperature by means of the quinhydrone electrode, and 20 gram portions 
were steam distilled and the distillate titrated with N/50 NaOII. The 
remainder of the cream at 48 hours was churned and the fat used to deter¬ 
mine its acid number by the Herrington and Krukovsky procedure. The 
results from a number of such series indicate that the optimum pH is at 
pH 8.4 to 8.6. Typical results are given in table 5. 


TABLE 5 

The effect of pH ou lipolysis 



pH after holding at 

Acidity of distillate 

Acid No. 

Sample 

3-4 

for 

in ec. N/50 NaOH after 

fat after 


0 hr. 

48 hr. 

0 hr. 

J 48 hr. 

48 hr. 

J. 

(5.19 

(5.19 

0.46 

i 0.69 

0.60 

.1 

(5.25 

(5.23 

0.40 

I 0.81 

0.75 

3*. 

(5.(51 

0.58 

0.40 

2.14 

1.20 

4 . 

0.81 

0.(52 

0.40 

; 2.84 

1.85 

5. 

7.01 

0.09 

0.40 

i 3.11 

1.98 

6 . 

7.14 

0.04 

0.40 

: 3.37 

2.30 

7 . 

7.15 

0.50 

0.40 

1 4.54 

2.84 

8 . 

i 7.38 

0.70 

0.40 

! 4.93 

3.00 

9 . 

7.85 

7.02 

0.40 

i 5.30 

3.19 

10 . 

8.31 

7.32 

0.40 

j 0.20 

3.70 

11 . 

8.50 

7.07 

0.45 

i 7.37 

4.28 

12 . 

8.91 

7.90 

0.43 

! 0.19 

3.79 


* Cream without added acid or alkali. 


Lipase Content of Milk from Individual Cows 

Representative samples of milk (afternoon milking) were taken from 
individual cows of the University herd, and were promptly cooled to 3-4° C. 
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Lipolysis observations were made on (a) sugar-saturated-cream inoculated 
with the milk in the proportion of 10 to 1 and incubated at 37° C., and (b) 
the milk samples themselves held at 3-4° C. In both cases lipolysis was 
followed by the titer of the steam distillate after 0, 24, and 72 hours. An¬ 
other milk sample was obtained from each of the same cows about a week 
later and similarly examined. Table 6 gives the results arranged according 
to breed and the stage of lactation. 


TABLE 6 

Lipolysis in milk from individual cows 


Titer of steam distillate in cc. N/50 NaOII from 


Milk sample, breed, cow 
no. and mo. of 
lactation 

Inoculated substrate at 

37° C. 

Milk itself at 3-4° O. 





Ohr. 

24 hr. 

72 hr. 

0 hr. 

24 hr. 

72 hr. 

Guernsey 470— 

- 2* 

mo. 

0.49* 

0.74 

0.89 

0.79 

1.13 

1.56 





0.53* 

1.55 

1.96 

0.83 

1.23 

1.61 

t ( 

445- 

- 4 

11 

0.50 

0.70 

0.84 

0.64 

1.16 

1.62 





| 0.53 

1.56 • ! 

. 3.88 

0.68 ; 

3.3 9 

1.57 

i i 

4}2- 

- 7 

< t 

0.50 

1.13 

1.IU 

0.81 i 

1.54 j 

I 2.22 




0.53 

1.93 

i 2.08 

0.85 ! 

2.01 

2.65 

11 

427— 

- 7 

t i 

0.50 

0.06 

0.79 

! 0.51 i 

1.30 

2.07 





0.53 

1.21 

2.52 

j 0.49 j 

1.8G 

2.37 

< < 

438— 

-10 

1 1 

0.49 

2.14 

3.51 

1 0.50 ' 

2.07 

3.42 





0.53 

3.16 

4.03 

0.46 

2.80 

3.92 

t ( 

432- 

-10 

(( 

0.48 

1.91 

2.23 

! 0.47 ; 

1.74 

3.04 





0.54 

3.24 

3.91 

| 0.49 1 

2.99 

3.84 

Holstein 93— 

- 2* 

i t 

0.49 

1.25 

1.93 

! 0.57 1 

0.92 

1.24 




0.47 

1.27 

1.97 

0.52 

0.94 

1.32 

t < 

98- 

- U 

11 

0.49 

1.32 

| 2.01 

1 0.04 

0.91 

1.18 





0.48 

»1.71 

2.25 

| 0.56 

! 1.27 

1.94 

t ( 

33- 

- 6 

< i 

0.49 

1.93 

! 3.27 

1 0.51 

1 2.36 

3.97 





0.49 

2 23 

; 3.32 

0.58 { 

i 2.61 

3.44 

11 

67- 

- 7* 

1 1 

0.49 

1.29 

1 2.16 

0.49 

! 1.29 

2.83 





0.46 

1.61 

2.46 

0.51 

2.02 

2.99 

a 

91- 

- 8| 

< i 

0.49 

L37 

3.31 

0.62 1 

1.36 

3.61 





0.47 

2.28 

3.39 

0.64 S 

2.52 

3.46 

11 

83- 

-184 

i i 

0.49 

1.25 

2.08 

0.54 

| 1.44 

2.79 





0.47 

1.58 

2.35 

0.64 

; 1.68 

2.18 

J ersey 

656— 3 

a 

0.47 

3.93 

2.39 

0.58 

! 1.33 1 

2.01 




0.44 

0.59 

1.23 

0.46 

1.39 

1.83 

a 

660- 

- 7 

<t 

0.46 

1.87 

2.23 

0.51 

3.16 1 

1.87 





0.44 

0.51 

1.01 

0.43 

1.00 

1.73 

11 

621- 

-10 

t i 

0.47 

2.10 

2.61 

0.63 

2.40 ! 

3.94 





0.44 

0.59 

1.40 

0.49 

2.02 

5.09 

Br. Swiss 622- 

- 1 

t1 

0.46 

1.47 

2.42 

0.62 

1.86 | 

3.29 





0.41 

1.72 

2.44 

0.56 

1.33 1 

4,07 

< < 

809- 

- 6 

11 

0.46 

1.01 

1.58 

0.77 

1.00 

1.04 





0.41 

0,87 

1.50 

0.67 

0.79 | 

1.27 

tt 

823- 

-10 

< t 

0.46 

1.39 

1.80 

0.88 ; 

1.31 

2.16 





0.40 

1.53 

1.94 

0.61 | 

1.78 

2.23 


* Paired figures do not represent duplicate determinations, but rather two separate 
determinations on milk samples taken at intervals of about 1 week. 
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These results indicate appreciable variation in the lipase content or 
lipolytic activity in the milk from the same cow, as well as wide differences 
from cow to cow. In several instances the results tend to support the 
hypothesis that high lipolytic activity accompanies advanced lactation, but 
taken as a whole the data do not warrant this conclusion. No tests were 
made in which the lipolytic activity of milk from the same cow was followed 
throughout the lactation period. 

Relation of Temperature of Separation to Lipolysis 

To study the temperature of separation as a factor in lipolysis in cream, 
milk as received commercially was separated at 75° F. and at 110° F., by 
means of an air-tight separator in such a manner that the fat content of the 
two creams was alike within 0.5 per cent. Lipolysis was followed in two 
w'ays: (a) by inoculating sugar-,saturated-cream in the proportion of 10 to 1 
with each of the creams and skim milk separately and incubating at 37° C., 
and (b) by holding the cream at 3-4° C. In both cases lipolysis was mea¬ 
sured at 0, 24, 48, and 90 hours by determining the titer of the steam dis¬ 
tillate. See table 7. 


TABLE 7 

Temperature of separation in relation to lipolysis 


Description of sample 


75° F. mam in substrate at B7° C. 

110 * F. cream “ “ “ “ 

75° F. skim milk * * 44 “ “ 

110 \I«\ skim milk 44 li “ 44 

7fr > F. cream at 3 4 ‘ C. 

110° F. cream at 3.4° O. 

7fP F. cream in substrate at 37° C. 
110° F. cream 4 4 4 4 “ “ 

75° F. skim milk < 4 4 4 4 4 4 4 

110° F. skim milk “ 4 4 4 4 4 ‘ 

75° F. cream at 3-4 J C. 

110° F. cream at 3-4° C. 

75° F. cream in substrate at 37° O. 
110* F. cream “ “ “ “ 

75° F. skim milk “ 4 4 4 4 4 4 

110° F. skim milk 4 4 4 4 “ “ 

75° F. cream at 3-4° O. 

110* F. cream at 3-4° C. 


Acidity of steam distillate in cc. N/50 
NaOH after 


0 hr. 

24 hr. 

48 hr. 

96 hr. 

0.47 

1.81 

2.67 

3.11 

0.47 

1.07 i 

1.83 

2.17 

0.47 

2.23 ! 

2.08 

3.48 

0.47 

2.10 i 

2.40 

2.74 

0.80 

l.oo 1 

2.06 

3.00 

0.78 

l .24 ; 

1.81 

2.01 

0.47 

2.00 

3.27 

4.65 

0.40 

1.80 

2.97 

3.50 

0.40 

2.15 i 

: 3.85 

4.01 

0.40 

1.93 ! 

3.04 

3.88 

0.75 

2.90 i 

i 3.26 

4.01 

0.08 

1.73 

2.33 

2.92 

0.52 

1.04 

2.39 

3.11 

0.52 

1.45 

1.07 

1.97 

0.52 

1.67 

2.43 

3.20 

0.51 

1.54 

1.79 

2.03 

0.70 

1.10 

1.87 

2.16 

0.71 

1.00 

1.24 

1.43 


In all three experiments the 110° F. cream showed definitely less lipolysis 
than the 75° F. cream by both methods. This is in harmony with the find¬ 
ings of Sharp and DeTomasi (9). However, the 110° F. skim milk also 
showed definitely less lipolysis than the 75° F. skim milk. Since the milk 
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had been cooled (on farms) before separating, the greater lipolysis in the 
75° F. cream when held at 3-4° C. might be attributed to the activation of 
the lipase by precooling followed by limited warming, a factor as reported 
by Herrington and Krukovsky (6), but the fact that the same results were 
obtained when the creams were inoculated into sugar-saturated-cream and 
incubated at 37° C. argues against this explanation, since 37° C. presumably 
undoes such activation. The fact that both the 110° F. cream and the 
110° F. skim milk caused less lipolysis suggests that partial destruction of 
the lipase takes place at the higher temperature under the conditions 
involved in centrifugal separation, or greater loss of lipase in the separator 
slime (12). 

SUMMARY 

1. Formaldehyde addition to sugar-saturated-cream inoculated with raw 
cream greatly limited lipolysis. Tributyrin greatly increased lipolysis as 
here measured. 

2. Gravity separated cream was found to show appreciably greater 
lipolytic activity than separator cream of the same fat content. 

3. Shaking increased lipolysis in the case of milk samples held as such, 
but decreased lipolysis in the case of sugar-saturated-cream inoculated 
with the same milk samples. The latter effect was also observed where 
cream was used as the inoculum. 

4. In a comparison of 3-4° C., 27° 0. and 37° C., lipolysis was most exten¬ 
sive at 37° C., slightly less at 27° C. and decidedly less at 3-4° C. 

5. The optimum pH for lipolysis in cream samples at 3-4° C. was found 
to be pH 8.4 to 8.6. 

6. The indications are that lipolysis varies considerably in the milk from 
the same cow, and differs widely from cow to cow. A study of milks from 
18 cows at known stages of lactation failed to indicate a relationship between 
lipolysis and stage of lactation. 

7. Cream separated at 110° F. showed less lipolysis than cream separated 
at 75° F. both as observed by holding the samples at 3-4° 0. and by using the 
cream to inoculate sugar-saturated-cream and incubating at 37° C. Similarly 
the 110° F. skim milk caused less lipolysis than the 75° F. skim milk in 
sugar-saturated-eream. 
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THE EFFECT OF HOLDER AND FLASH PASTEURIZATION ON 

SOME FLAVORS OF MILK. I. THE EFFECT ON MISCEL¬ 
LANEOUS FLAVORS COMMON TO COMMERCIAL 
RAW MILK 1 

ROBERT D. MAcCl'Kim and G. M. TROUT 
Department o[ Dairy Husbandry, Michigan Agricultural Experiment Station, 

East Lansing, Michigan 

Feed has long been recognized as a possible contributing factor to the 
flavor of milk. Early studies on the effects of feeds and feeding practices 
have aided materially in the establishment of feeding rules which, when 
followed, result in a minimum of feed flavors in the milk produced. How¬ 
ever, much feed-flavored milk is yet produced during certain seasons of the 
year. Milk distributors often reject feed-flavored milk at the receiving 
platform on the presumption that if such milk were mixed and processed 
with the other normal flavor milk, the resulting bottled product would be 
lowered in flavor quality if not definitely off flavor. 

The purpose of this study was to determine the effect of various methods 
of pasteurization upon the flavor and score of the processed milk as com¬ 
pared to the flavor and score of the control samples. Particularly was 
information desired on the effects of pasteurization upon some feed flavors 
in order to determine if those flavors frequently resulting from the feeding 
of clean wholesome feeds, such as alfalfa and corn silage, were seriously 
objectionable to the market milk supply. 

Several investigators have reported the effects of pasteurization on some 
flavors of a feed.v or barnv nature. Tracy and Ruehe (3), hplder pasteur¬ 
izing several deliveries of milk in glass bottles, observed that in practically 
all eases the barny flavors were partially or completely eliminated by pas¬ 
teurization, but some feed fla vors remained in the processed product. When 
the milk was heated to 142° F. ((>1.1° 0.) and held for 90 minutes a cooked 
flavor, which was not apparent at the end of the 30 and 60 minute exposure, 
was apparent. 

Marquardt and Dahlberg (1) found that pasteurization at 143.5° P. 
(61.9° C.) for 30 minutes not only diminished the intensity of feed flavor 
but blended the flavors of raw milk to give less variety in the pasteurized 
product. Usually they found it possible to select raw milk from pasteurized 
milk by the more pronounced feed flavor in the former. 

Received for publication January 25, 1940. 

i This investigation was aided by a fellowship granted by The Dairy Industries Sup¬ 
ply Association, Inc. 

* Dairy Industrial Fellow, 1937. 

Published with the approval of the Director of the Michigan Agricultural Experiment 
Station as Journal Article No. 419 (n. s.). 
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Trout and Tavlor (4) found that holder pasteurization at 143° F. 
(61.6° C.) for 30 minutes changed the beet top flavor so that it could not be 
recognized as such, but did not improve the flavor of the milk to any appre¬ 
ciable extent. 

Trout (5) reported finding feed flavors in 23.4 per cent of the samples 
of raw milk after one day of storage. On the other hand, he did not recog¬ 
nize any feed flavors in the pasteurized samples examined, although a wide 
variety of other flavors was noted. 

Quinn and Burgwald (2) concluded that the liigh-temperature short- 
time pasteurization imparted less ‘ 4 cooked ’ 1 flavor to the milk than did the 
holder method, but made no comment relative to the elimination of the feed 
flavors from the milk. 


EXPERIMENTAL 

The samples of milk used in this study were secured weekly, from 
January to June, 1939, inclusive, from ten producers who delivered milk to 
the College Creamery. Milk from these ten producers were used through¬ 
out the study. 

Each of the ten weekly samples, divided into four lots, was processed as 
follows: Lot I, serving as a control, was stored at 40° F.; Lot II w r as holder 
pasteurized at 143° F. for 30 minutes in a tightly capped pint milk bottle 
so as to furnish no aeration during pasteurization and cooling; Lot III w r as 
similarly processed, but loosely capped in order to obtain aeration during 
processing; and Lot IV was pasteurized at 160° F. for 15 seconds by passing 
the sample through Pyrex glass 7 mm. tubing submerged in hot water and ice 
baths for appropriate heating and cooling. All samples were stored at 
40° F. 

After storage for 24 hours part of each sample, for organoleptic examina¬ 
tion, was poured into a separate 100 ml. glass beaker and numbered on the 
bottom according to the key numbers of the samples. The 40 beakers of 
milk, consisting of raw T , of pasteurized unaerated, of pasteurized aerated, 
and of flash pasteurized samples, were shuffled so that the judge had no 
knowledge of the sample being examined. After the flavor score and criti¬ 
cism of each sample w 7 ere recorded the number on the bottom of the beaker 
was noted and recorded. Immediately following the completion of scoring 
of the 40 samples, they were reshuffled, rescored and the findings recorded 
as before, the record being kept on a second paper so the judge had no 
knowledge of the first score and criticism of the samples. On the third day 
of storage the samples were again scored and rescored exactly in the same 
manner as on the first day. Two experienced judges did the scoring 
throughout. Each judge’s score was considered as an observation. 
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RESULTS 

Flavors in the raw milk . A critical study of the samples showed that 
on the first day of storage 43.3 per cent of the samples were free of flavor 
criticisms. Of the off-flavors noted, averaging 56.7 per cent, feed flavors 
predominated with 29.6 per cent; high acid flavors were next with 7.8 per 
cent; and flat flavors were third with 6.8 per cent. Ten other off flavors, 
present in a small percentage of the samples, were noted. The distribution 
of the observations on the samples of raw milk from the ten producers 
weekly over a six-month period according to flavor is presented in table 1. 


TABLE 1 

Distribution of observations according to flavor in milk obtained weekly over a six-month 
period when pasteurised by various processes and when examined after 
the first and third days of storage at 40° F. 


Distribution of observations when the milk was 


Flavor 

K 

IW 

Holder pasteurized 
143° F.—30 min. 


Flash 

pasteurized, 




Vnae 

rated 

Acr 

ated 

160° F.- 

—15 sec. 


1 at day 

3rd day 

J st day 

3rd day 

1 st day 

3rd day 

1st day 

3rd day 


per 

per 

per 

per 

per 

per 

per 

per 


rent 

cent 

cent 

rent 

cent 

cent 

cent 

cent 

No criticism 

43.3 

20.1 

28.4 

20.0 

27.1 

21.6 

47.1 

33.4 

Bitter 

0.2 

0.0 


0.2 


0.2 


0.2 

(?ooke<l 

-■ 

0.3 

3.3 

2.7 

5.7 

3.4 

0.2 

1.0 

Cowv 

2.1 

0.2 

0.7 

0.8 

1.8 

0.7 

2.3 

0.5 

Feed 

1 20.0 i 

; 21.5 

10.0 

12.5 

16.8 

10.2 

19.9 

15.6 

Flat 

0.8 ! 

5.4 

5.0 

3.8 

6.2 

6.7 

6.7 

5.7 

Heated 

2.4 1 

3.0 

34.0 

30.3 

20 2 

25.7 

13.5 

12.0 

High acid 

7.8 1 

! 21.4 

•> o 

2.3 

2.2 ! 

1.3 

2.0 

2.1 

Metallic . ; 

0.3 ' 

1.0 

0* 

0.8 

0.2 

1.3 

0.2 

1.1 

Off, unidentified 

1.0 

3.8 

1.3 

1.0 

0.8 1 

0.8 

2.0 

1.5 

Old . j 

1.8 

0.0 

1.3 

4.8 

3.7 

6.7 

2.6 

9.4 

Oxidized 

1.5 

4.4 

2.6 

18.4 

4.0 

18.6 

2.4 

13.5 

Rancid 

0.2 

| 3.4 


0.0 



0.2 

0.6 

Baity. 

2.8 

| 3.3 

1.2 

0.8 

1.8 

1.5 

1.3 

2.8 

Unclean . 

0.3 

1 1(5 : 

0.3 

0.5 

0.3 

1.2 

0.6 ; 

0.5 

No. observations 

! 610 

613 | 

603 

598 

595 j 

596 ! 

6.13 

614 


A study of these same samples after three days’ storage at 40° F. 
showed marked decreases in the number of samples having no flavor criti¬ 
cism and of those having feed criticism. On the other hand, an increase 
was noted in the number of samples showing off flavors, the major increases 
being in the number of samples showing high acid, oxidized, and old flavors. 

The percentage distribution of the observations on the samples showing 
specific scores is given in table 2, Here it will be noted that 43.3 per cent 
of the samples on the first day merited a flavor score of 23. However, by 
the third day of shortage, the number was reduced to 26.1 per cent of the 
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TABLE 2 

Distribution of observations according to flavor scores in milk obtained weekly over a six- 
months period when pasteurized by various processes and when examined after 
the first and third days of storage at 40 ° F. 


Distribution of observations when the milk was 


Flavor score 

Raw 


Holder pnsteuried, 
143 F.—30 min. 


Flash 

pasteurized, 




Unaerated 

Aerated 

160 F.~ 

-15 sec. 


1st day 

3rd day 

1 st day 

3rd day 

1st day | 

3rd day 

1st day 

3rd day 


per 

per 

per 

per 

per 

per 

per 

per 


cent 

cent 

cent 

cent. 

cent 

cent 

cent 

cent 

23 . 

43.3 

26.1 

28.4 

20.9 

27.1 

21,6 1 

47.1 

33.4 

22 . 

22.7 ! 

17.3 

41.8 

37.1 

36.1 

31.7 ! 

29.5 

22.6 

21 . 

20.6 

24.6 

23.4 

22 7 

27.7 i 

22.0 | 

17.5 

24.8 

20 . 

5.2 

9.6 

4.0 

9.0 

5.7 

9.2 

3.4 

11.1 

19 . 

3.0 

4.4 

1.3 

5.8 

1.7 

9.6 

1.1 

5.4 

18 . 

4.9 

15.2 

1.2 

4.3 

1.7 

5.4 

1.3 

2.4 

17 . 

0.2 

1.0 | 

. i 

0.0 j 


0.2 



16 . 


0.6 | 




0.3 


0.3 

15 . 

. 

1.1 


. 





No. observa¬ 


■ 


! 


i 



tions . 

616 

613 

603 

598 

| 

595 

; 596 

613 

614 

Mean . j 

21.83 

20.92 

2J.S8 

21.45 

21.70 

21.28 

22.14 

21.59 

Standard j 

deviation .. 

±1.85 

±1.41 

+1.07 

±1.34 

±1.10 

±1.50 

±1.08 

±1.30 


samples. The mean flavor score on the first day was 21.83 d~ 1.35, whereas, 
on the third day it was 20.92 it 1.41, an average decrease of 0.91 points. 
This difference was found to be statistically significant. 

The general quality of each producer's milk, by months, as indicated by 
the flavor score is shown in figures 1 and 2. As the summer season ap¬ 
proached, there was a general lowering of the score due chiefly to the higher 
incidence of the feed flavors (figure 3). 

Flavors in the milk that was holder pasteurized without aeration. A 
critical study of the samples of milk which were holder pasteurized without 
aeration showed that 28.4 per cent of the samples had no criticism on the 
first day of storage (table 1). Of the off flavors noted in 71.6 per cent of 
the samples, heated flavors predominated with 34.0 per cent, feed flavors 
were next with 19.6 per cent ,* and flat flavors were third with 5.0 per cent. 
Nine other off flavors, present in a small percentage of the samples, were 
noted. Pasteurization without aeration apparently was instrumental in 
lowering the frequency of feed flavors from 29.6 per cent in the raw to 
19.6 per cent as judged on the first day of storage. 

After three days storage there was a decrease in the number of samples 
having no criticism, or having feed, heated, flat, cooked and off flavors, and 
an increase in the frequency of old and oxidized flavors. The distribution 
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StOA/TH 

Fig. 3. Mean flavor score of mixed milk from ten producers over a nix-months 
period. 

of the samples having: other flavors after three days storage remained prac¬ 
tically the same as that noted on the first day of storage. 

Low temperature holder pasteurization without aeration would seem to 
be partially effective in eliminating or reducing the intensity of such flavors 
as feed, high acid, eowy, flat, and rancid. On the other hand such pasteuri¬ 
zation resulted in an increase in the frequency of cooked, heated, old, and 
oxidized flavors. 

The mean flavor score of such processed milk on the first: day of storage 
was 21.88 zfc 1.07, whereas, on the third day the mean flavor score was 
21.45 dfc 1.34 (table 2), a decrease in score of 0.43 ± 0.07 which was statisti¬ 
cally significant. The mean flavor score of the pasteurized milk samples, 
first and third day scorings combined, was found to be significantly higher 
than that of the combined first and third day scores of the raw milk samples. 
Likewise significant was the increase in score noted in the pasteurized milk 
over the raw milk after three days storage, but the increase on the first day 
was not significant. 

Flavors in the milk that was holder pasteurized with aeration . The 
results secured by holder pasteurizing with aeration were similar in many 
respects to those secured in holder pasteurization without aeration (table 1). 
However, some variations were noted. For example, there was a further 
decrease in the number of samples showing feed flavors. Likewise, a lower 
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frequency of the heated flavor was noted. On the other hand, higher per¬ 
centages of samples showing cooked, flat, and old flavors were observed. 
However, little difference was found between the unaerated and the aerated 
samples in the development of the oxidized flavor. 

The mean flavor scores on the first and third days of storage were 
21.76 zb 1.10 and 21.28 ± 1.50 respectively (table 2), a decrease in the 
mean flavor score of 0.48 zb 0.08 point after a three-day storage period 
which was statistically significant. The mean score of the pasteurized 
aerated samples, first and third day score combined, was slightly higher 
than that of the raw milk scores combined, the significance of which repre¬ 
sented a borderline case. The mean score of the combined first and third 
day scores of the pasteurized unaerated samples were significantly lower 
than the mean score of the pasteurized aerated samples. However, the 
lower scores for the respective days noted in the aerated versus the unaerated 
samples were not significant in either case. 

Flavors in the milk flash pasteurized. On the first day of storage, 47.1 
per cent of the samples flash pasteurized were free of flavor criticism. This 
percentage is 3.8 per cent higher than that observed in the control samples; 
18.7 per cent higher than in the unaerated holder pasteurized samples, and 
20.0 per cent higher than in the aerated holder pasteurized samples. 

Of the off-flavors noted in 52.9 per cent of the samples, feed flavors 
persisted to the extent of 19.9 per cent, which was approximately the same 
as that, noted in the imaeratcd holder pasteurized samples, but was 3.1 per 
cent greater than that noted in the aerated holder pasteurized samples. 
Heated flavors were present in 13.5 per cent of the samples, which is very 
significantly less than the 34.0 and 29.2 per cent noted in the two respective 
processes of the holder pasteurized milk. Cooked flavors, noted in a small 
percentage of the holder pasteurized samples were practically absent in the 
flash pasteurized samples. 

A study of these same samples after storage, showed as, in the other milks, 
but to a lesser degree, an increase in the frequency of off flavors, 66.6 per 
cent of the flashed samples being so criticized as compared to 73.9 per cent 
in the raw, to 79.1 per cent in the unaerated holder pasteurized and to 78.4 
per cent in the aerated holder pasteurized samples. Of the flavor criticisms, 
feed predominated with 15.6 per cent, oxidized with 13.5 per cent, heated 
third with 12.0 per cent, old fourth with 9.4 per cent, and flat with 5.7 per 
cent. Nine other off flavors were noted, but these occurred in relatively 
small percentages of the samples. 

The mean flavor scores of the flash pasteurized samples were 22.14 =h 1.08 
and 21.59 ± 1.30 on the first and third days of storage, respectively (table 
2), the decrease of 0.55 ± 0.07 point being significant. 

The mean of the scores on the first day of storage of the flash pasteurized 
samples was significantly higher than the mean of the raw or holder pas- 
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teurized samples at similar storage. However, no significant difference was 
noted between the mean of the flavor scores of the pasteurized unaerated 
samples and that of the flash pasteurized milk when stored three days, 
although the difference between the mean scores of the pasteurized aerated 
and flash pasteurized samples under similar storage was significant. The 
mean score of any group of pasteurized milk after storage for three days 
was significantly higher than that of the raw milk samples similarly stored. 

Combining the first and third day scores of each group, the means of the 
flash pasteurized samples were found to be significantly higher than those 
of the raw T , of the unaerated pasteurized, or of the aerated pasteurized milk. 

Flavors tending to disappear or to develop as a result of pasteurization . 
The data obtained indicate that two flavors, feed and high acid, tend to dis¬ 
appear markedly with pasteurization. Other flavors decreasing in intensity 
noted also were cowy, rancid, salty and unclean. 

On the other hand the data show that pasteurization favors the appear¬ 
ance of such flavors as heated, cooked and oxidized. Other flavor tending 
to increase in frequency in the pasteurized samples was old, which is 
undoubtedly a degree of intensity of the oxidized flavor. 

The flat flavors seemed to be current both with raw and with pasteurized 



MONTH 

Fig. 4. The distribution of observations as to feed flavor in raw milk over a six- 
months period and the distribution as to oxidized flavor when the milk was holder pasteur¬ 
ized without aeration, illustrating the relationship noted between the two flavors. 
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milk, inclining perhaps to be slightly less prevalent in the imaerated holder 
pasteurized samples. 

The development of the oxidized flavor in the milk during the period of 
the study. As previously shown, the oxidized flavor was noted in many of 
the samples of milk studied. Presented graphically in figure 4 is the per¬ 
centage distribution of observations showing feed and oxidized flavors. As 
the frecpiency of feed flavor increased there was a marked decrease in the 
frequency of the oxidized flavor. A check on the management of the dairy 
herds from which the milk in this study was obtained showed that by the 
third week of April the majority of the producers had turned the cows to 
pasture, the grass contributing not only the causative agent of the feed 
flavor but apparently reducing substances inhibiting oxidation of the fatty 
constituents as well. 

This observation on the decreased incidence of oxidized flavors in late 
spring or early summer is common to general commercial experience. The 
marked increase of feed flavors which occurred May first was due to the 
prevalence of grass flavors rather than silage feed flavor. 

Reliability of flavor judgments . Two experienced judges scored all the 
samples “blind” and, after reshuffling the samples, rescored them, not 
knowing the previous score or criticism at the time of the second judgment, 



Fid, 5. Distribution curves of the deviation between the first and the second scores 
of each judge. 
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in an effort to determine first, the reliability of a single flavor judgment, and 
second, the closeness of scoring of the two judges. The samples were scored 
and rescored after the first and again after the third day of storage. 

When the milk was scored after one day of storage at 40° F., Judge I 
rescored 42.0 per cent of the samples identically with the first score (figure 
5). He deviated from the first scores on rescoring by ±: 1 point in 39.4 
per cent of the 596 samples involved; by ± 2 points in 16.9 per cent of 
the samples; and by dr 3 or more points, the remaining 1.7 per cent. The 
tendency of this judge was to be more critical and to underscore the samples 
on second scoring. However, it must be borne in mind that the temperature 
of the milk rose between first and second judgments; hence, some off flavors 
might or might not have been detected on the second testing. 

After the samples of milk had been in storage for three days they were 
again scored. The percentage of samples which were rescored identically 
with the first score was 40.8; those with a deviation of db 1 were 39.4 per 
cent; those with a deviation of dr 2 were 17.5 per cent; and those deviating 
by dr 3 or more points were 2.3 per cent. Judge I had a tendency to 
rescore the samples higher than the first scores and with a greater range in 
score. The varying intensities of the flavors which predominated in the 
milk after three days of storage were such that made accurate rescoring 



DEVIATION 

Fig. 6. Distribution curve of the deviation between the judges 9 scores on all samples 
of milfe as compared to the distribution of probable deviation by random judgment. 
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difficult. However, little difference was noted in the judges scoring ability- 
in rescoring the fresh or the stored samples. 

Judge II rescored 54.3 per cent of the samples of the day-old milk iden¬ 
tically with the first score (figure 6). He deviated from his first score on 
rescoring by a dr 1 point in 33.9 per cent of the 771 samples involved; by 
dr 2 points in 8.0 per cent of the samples; and by dr 3 or more points in 3.7 
per cent of the samples. The tendency of this judge also was to be more 
critical and to underscore the day-old samples on rescoring. 

After the milk was stored three days they were again scored and rescored 
as before. The per cent of samples which were reseored identically -with 
the first score was 46.8; those with a deviation of ± 1 point was 35.7; those 
with a deviation of dr 2 was 12.2 per cent and by ±, 3 or more points in 5.3 
per cent of the samples. Judge II had a tendency to rescore the samples 
higher and with a still greater range of score than Judge I. 

The actual deviation curve between the first scorings of all the samples 
by the two judges is compared with the probability curve in figure 6. From 
this the conclusion may be drawn that some factor exists which tends to 
make the deviation between the judges’ scores less than the sampling differ¬ 
ences. The possibilities of like agreement by random sampling are so remote 
that there must be something specific, flavor, in milk which causes the judges 
not only to recognize its presence but to agree upon its intensity as well. 

SUMMARY 

Samples of milk from each of ten producers were secured weekly over a 
six-month period, divided into lots, were holder pasteurized -with and with¬ 
out aeration at 143° F. for 30 minutes and flash pasteurized at 160° F. for 
15 seconds. The samples were scored and rescored “blind” at the first and 
third days of storage by tw ? o judges working independently. 

The predominating off flavor in the day-old, raw control samples w f as 
feed, the percentage frequency of w T hich w r as materially decreased by pas¬ 
teurization. The predominating off flavor of unaerated and aerated holder 
pasteurized day-old milk was heated. Less heated flavors were noted in the 
flash pasteurized samples than in the holder pasteurized samples. Flash 
pasteurized milk showed not only a higher percentage of observations of 
excellent flavor milk, score of 23, than were noted in the raw' control or in 
the holder pasteurized samples but greater stability of excellent flavor upon 
storage as well. 

No significant difference w r as found between the mean scores of milk 
holder pasteurized with aeration or similar pasteurization without aeration 
and that of the raw* samples at the first day of storage. However, the 
increase in score of the pasteurized samples over the raw samples at three 
days of storage w r as significant. 
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Storing the milk for three days at 40° F. resulted in a significant decrease 
in the score over that noted at one day of storage. Raw milk scores decreased 
a mean of 0.91 points as a result of storage, whereas, the decrease in score 
of the pasteurized milk ranged from 0.43 to 0.55 points. 

The pasteurization processes increased the frequency of heated, oxidized, 
cooked, and old flavors and decreased the frequency of feed, high acid, flat, 
salty, eowy, rancid, unclean, and off but unidentified flavors. 

Storage of the milk at 40° F. for three days increased the frequency of- 
high acid, old, oxidized, unclean, and rancid flavors in the raw samples and 
the oxidized and old flavors in the pasteurized samples, whereas, similar 
storage decreased the percentage incidence of feed, cowy, flat, heated, cooked, 
and off but unidentified flavors. 

The mean score of the raw milk of all patrons decreased steadily from 
January through June. A gradual increase in the incidence of feed flavors 
was found in the raw samples from January to June. During the same 
period of time there was noted a rather constant frequency of oxidized flavors 
in the samples of the pasteurized milk, until May when the per cent fre¬ 
quency decreased markedly. As the frequency of feed flavors increased a 
very similar decrease in the occurrence of the oxidized flavors was noted. 

The two judges varied slightly in rescoring ability, the one judge rescor¬ 
ing 42.0 per cent of the samples identically with the first score, whereas, 
the other judge rescored 54.3 per cent of the samples identically with the 
first score. Both judges, working independently, scored 39 per cent of all 
the samples with the same score. 
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THE EFFECT OF HOLDER AND FLASH PASTEURIZATION ON 
SOME FLAVORS OF MILK. II. THE EFFECT ON 
CORN AND ALFALFA SILAGE FLAVORS 1 

ROBERT IX MacCURDY 8 and G. M. TROUT 
Department of Dairy Husbandry, Michigan Agricultural Experiment 
Station, East Lansing, Michigan 

Much feed-flavored milk is delivered daily to milk plants despite the 
availability of information on feeding management which, if carried out, 
would prevent the occurrence of such off flavors in the milk. General 
observation points to the fact that these off flavors are not confined solely 
to a specific season, although their frequency of occurrence may be greater 
at some seasons than at others. According to Babcock (1) feed flavors and 
odors are most frequently caused by succulent feeds. Undoubtedly the 
winter succulent, silage, plays an important role in the feed flavors of that 
season. Gamble and Kelly (2) showed that silage flavors were largely 
imparted to the milk through the body of the cow and were discernible in 
the milk from trows fed silage one hour before milking. They observed that 
legume silage fed in equal quantities as corn silage had the more detrimental 
effect on the flavor of the milk. These silage flavors were found to be 
partially removable by prompt aeration of the warm milk. They concluded 
that condensed milk made from silage-tainted milk had a less perceptible 
silage flavor and odor than the milk from which it was made. Roadhouse 
and Henderson (4) have recently shown that the feeding of ten pounds 
of corn silage one hour before milking produced a distinct feed flavor in the 
milk which was considered undesirable for market milk. 

In view of the fact that these feed flavors are often current to milk dur¬ 
ing the winter season and appear subject to elimination by proper aeration, 
further studies seemed desirable to determine if such milk pasteurized by the 
various methods would be acceptable for bottling purposes. 

EXPERIMENTAL 

The milk studied in these experiments was obtained from a selected 
healthy Holstein cow that was about two months in lactation at the begin¬ 
ning of the experiment and giving a good flow of milk. Exactly one hour 
before milking she was given alfalfa silage or corn silage, as the experiment 
dictated, in amounts varying from one pound to thirty-five pounds. The 
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intensity of feed flavor was given a numerical rating obtained by dividing 
the pounds of silage fed by the pounds of milk produced. The milk was 
machine drawn into an aluminum container from which it was poured into 
a glass bottle which was placed in circulating water for cooling. 

The corn silage milk was divided into six lots and treated as follows: 
Lot I served as a control; Lot II was pasteurized at 143° F. for 30 minutes 
without aeration; Lot III was similarly heat treated but was aerated by 
stirring during processing; Lot IV was holder pasteurized also but aerated 
by passing air up through the milk during the 30 minute holding period; 
and Lot V was holder pasteurized but subjected to a partial vacuum during 
processing; and Lot VI was flash pasteurized at 160° F. for 15 seconds and 
cooled without aeration. A seventh sample, designated as “trap” milk was 
secured by conducting the exhaust air from Lot IV through a similar volume 
of cold normal flavor milk, a sample of which was obtained as a control. 

The alfalfa silage milk was divided into five lots of which one served as 
a control. The remaining four lots were holder pasteurized, unaerated and 
aerated by gentle agitation, by bubbling air through the milk, and by 
vacuum. 

All samples were pasteurized in glass using laboratory equipment. The 
samples were cooled promptly and stored 24 hours at 40° F. after which 
they were scored “blind” by two judges. The samples were again scored 
at three day storage. 

RESULTS 

The relationship between the quantity of corn silage fed and the feed 
flavor of the resulting milk . The usual recommendation that a cow may be 
fed a certain amount of feed one hour before milking without imparting a 
feed flavor to the milk would appear to be largely dependent upon uniform¬ 
ity of production of milk per cow. As the milk production varies, the 
volume of flavor in the milk from a given quantity of feed would seem to 
vary also. Hence, it appears more logical to calculate the pounds of feed 
fed at a given time per pound of milk produced, in order to ascertain the 
relationship between the feeding of high flavor feeds and the feed flavor of 
the resulting milk. Several times during the experiment this assumption 
was checked by feeding a given quantity of silage to each of a group of 
individual cows varying in their level of milk production. The intensity 
of the flavor of the milk varied with the strongest flavor in the milk from 
the cow producing the least amount of milk. Accordingly, the intensity of 
the corn silage flavor in the raw control samples in these studies was 
expressed in terms of the number of pounds of silage fed one hour before 
milking per pound of milk produced. 

Feeding trials showed that the cow could be fed up to 0.67 of a pound of 
corn silage per pound of milk produced one hour prior to milking without 
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imparting a feed flavor to the milk. On the other hand, the feeding of 
approximately 2.00 or more pounds of eorn silage under the same conditions 
per pound of milk produced resulted in a strong feed flavor milk which 
scored approximately 18.0 to 19.0 on flavor (Table 1). 

TABLE 1 

The relationship between the quantity of corn silage fed and the flavor 
score of the resulting milk 


Feeding level below 2 pounds per 
pound of milk produced 

Feeding level above 2 pounds per 
pound of milk produced 

Pounds of silage 

Flavor score 

Pounds of silage 

Flavor score 

per pound of milk 

of the milk 

per pound of milk 

of the milk 

0.50 

23.0 

2.10 

17.0 

0.07 

23.0 

2.34 

18.5 

0.79 

20.0 

2.50 

18.5 

0.90 

19.5 j 

2.60 

18.0 

0.94 

21.5 

4.00 

19.0 

0.99 

3 8.0 

4.20 

21.0 

1.00 

20.0 

5.00 

18.0 

1.05 

21.0 

5.10 

18.0 

1.30 

19.0 

6.20 

18.0 

1.00 

19.5 



1.80 

19.5 




Higher levels of feeding above a certain point did not seem to have a 
further detrimental effect on the flavor, probably because of the limited 
capacity of the cow to consume a given quantity of feed within a given 
period. 

Dilution of several samples of silage flavor milk by normal flavor milk 
reduced the intensity of the feed flavor to a point where the silage flavor 
could not be detected. This effect would seem to have practical significance 
in the grading of milk where but a small percentage of the cans of milk had 
silage flavor. 

The effect of pasteurization on the flavor of corn silage milk. Pasteuri¬ 
zation had various effects on the removal of the feed flavor resulting from 
the feeding of corn silage depending upon the type of pasteurization and its 
modification (Table 2). 

Some inconsistencies were noted in the results of holder pasteurization 
without aeration. In general, this method improved the flavor but the feed 
flavor was yet distinct. Likewise, holder pasteurization with gentle agita¬ 
tion by stirring or by forcing a current of air through the milk during the 
holding periods increased the flavor score materially but did not render it 
free of the distinct feed flavor. However, holder pasteurization under 
partial vacuum resulted in the removal of practically all the feed flavor. 
Milk originally scoring around 19 on flavor, when processed by this method 
usually scored 22 or above. 
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TABLE 2 

The effect of various methods of pasteurisation on the score of corn silage 
flavor milk after the first day of storage at 40° F. 


Flavor score when the sample was 


Intensity of 
silage flavor 
(lbs. silage/ 
lbs. milk) 

Raw 

Holder pasteurized, 143° F.-30 min. 

Flash 

pasteurized, 
160° F.~ 

15 sec. 

TJnaerated 

Aerated by 

Gentle 

agitation 

Bubbling 

air 

Vacuum 

4.00 

19.0 


20.5 

19.0 

18.5 


2.50 

18.5 

21.0 

21.5 

22.0 

22.0 

21.5 

1.80 

19.5 

22.0* 

21.5 

21.5 

22.5 

22.5 

1.60 

19.5 

19.5 

21.5 

21.2 

22.0 

21.0 


* Scores italicized indicate that such milk would likely not be criticized as to taste 
by the average consumer. 


The superiority of partial vacuum holder pasteurization of feed-flavored 
milk was noted particularly after the inilk had been stored for three days. 
During this period oxidized flavors were prone to develop in the samples 
holder pasteurized without vacuum, whereas the vacuum pasteurized 
samples retained the good flavor. This is in agreement with the work of 
Hand, Guthrie, and Sharp (3) who showed that vacuum cooled milk was 
less susceptible to oxidative changes. 

Flash pasteurization seemed to be on a par with ordinary holder pas¬ 
teurization in the removal of strong corn silage feed flavor from the milk. 

That the corn silage flavor was susceptible to removal by aeration and 
pasteurization was demonstrated by the fact that gases above the silage milk 
during processing when conducted through milk, free of feed flavor, im¬ 
parted a feed flavor to the sample'thus treated. 

The effect of pasteurization on the flavor of alfalfa silage milk. Samples 
of milk with various intensities of alfalfa silage flavor were holder processed 
as in the previous experiment. The intensity of the flavor in the original 
raw milk was again expressed in terms of the pounds of alfalfa silage fed 
one hour before milking per pound of milk produced. 

The alfalfa silage flavor was also volatile and could be transferred, in 
part, by drawing air through the feed flavor sample into one of excellent 
flavor, to the extent that a feed flavor could be imparted to the latter. 

As in the experiment with corn silage flavor milk, partial vacuum holder 
pasteurization was again superior to the other modifications of holder pas¬ 
teurization in yielding a product which was comparatively free from feed 
flavor and which would merit a score of 22.0 or above on flavor (Table 3). 
Aeration by bubbling air through the milk during the holding period was 
partially effective in reducing the alfalfa silage flavor, but practically no 
difference was noted between the mean flavor scores of the raw and of the 
pasteurized unaerated samples or of the pasteurized samples aerated by 
gentle agitation during the holding period. 
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TABLE 3 

The effect of various methods of pasteurisation on the score of alfalfa silage 
flavor milk after the first day of storage at 40° F. 


Intensity of 
silage fiavor 
(lbs. silage/ 
lbs. milk) 

: 

Flavor score when the sample was 

Eaw 

Holder pasteurized, 143° F.-30 min. 

I Time rated 

1 

Gentle 

agitation 

Aerated by 

Bubbling 

air 

Vacuum 

2.0 

20.0 

19.0 

20.0 

22.0 

22.5 

1.6 

21.0 

22.0* 

21.0 



1.2 

21.5 

21.5 

21.0 

19.0 | 

21.0 

0.73 

21.5 

21.0 

20.0 

21.5 

22.0 

0.42 

18.0 

21.5 

21.5 

22.5 \ 

22.5 

0.40 

20.5 

20.0 

19.0 

22.0 

22.0 

0.22 

28.0 

21.5 

21.5 

22 0 

22.0 

0.18 

21.5 

22.5 

22.0 

23,0 

22.5 

0.08 

23.0 

22.0 

23.0 \ 

23.0 

23.0 

Mean . 

21.1 

21.2 

21.0 ■ 

21.8 

22 1 


* Scores italicized indicate that such milk would likely not bo criticized as to taste 
by the average consumer. 


A marked difference was noted in the flavors of the milk resulting from 
the various methods of pasteurization when the milk was stored for three 
days at 40° F., particularly in respect, to pasteurizing under partial vacuum. 
The partial vacuum pasteurized milk tended to retain its more excellent 
flavor, whereas different stages of oxidation were noted in many of the 
samples not vacuum pasteurized. 

SUMMARY 

When cows were ted a given quantity of silage the feed flavor was more 
intense in that milk from the cows of least production. Feed flavors were 
noted in the milk when 0.79 pounds of corn silage or 0.40 pounds of alfalfa 
silage per pound of milk produced were fed to the cows one hour before 
milking. 

Alfalfa and corn silage flavors in milk were lessened in intensity by pas¬ 
teurization. However, strong silage flavors were not entirely eliminated by 
the processes employed. 

Vacuum holder pasteurization and forced aeration holder pasteurization 
were superior to unaerated or aerated holder pasteurization in removing 
corn and alfalfa silage flavors from milk. These processes were superior 
also to flash pasteurization in removing corn silage flavor from milk. Un¬ 
aerated and aerated holder pasteurization resulted in a greater frequency 
of oxidized flavors in the stored milk than did vacuum pasteurization. 

From these studies it appears that a small quantity of silage flavor milk 
may not necessarily taint the flavor of a large batch of processed milk. Suf- 
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ficient excellent flavor milk may be added to the silage milk to reduce the 
flavor intensity to the extent that pasteurization will remove it entirely. 

REFERENCES 

(1) Babcock, C. J. Preventing feed flavors and odors in milk. U. S. Dept. Agr. Leaf¬ 

let. 25. 3928. 

(2) Gamble, James A., and Kelly, Ernest. The effect of silage on the flavor and odor 

of milk. IT. 8 . Dept. Agr., Bull. 1097, 1922. 

(3) Hand, D. B., Guthrie, E. S., and Sharp, P. F. Effect of oxygen, light and lacto- 

flavin on the oxidation of vitamin C in milk. Sci., 87: 439-441. 1938. 

(4) Roadhouse, C. L., and Henderson, J. L. Flavors of milk and their control. Cal. 

Agr. Exp. Sta. Bull. 595. 1935. 



PHYSICAL AND CHEMICAL PROPERTIES OF THE FAT GLOBULE 

ADSORPTION “MEMBRANE.” II. NATURE AND ORIGIN 
OF SURFACE ACTIVE MATERIALS INVOLVED IN 
CURD TENSION REDUCTION AND PREVEN¬ 
TION OF RENNET CLOT OF COW’S MILK 
BY “MEMBRANES” FROM NATURAL 
AND SYNTHETIC CREAMS* 

L. 8. PALMER 

Division of Agricultural Biochemistry, University of Minnesota, St. Paul, Minn. 

ANIJ 

N. P. TARASKUK 

Division of Dairy Industry, University of California, Davis, Calif. 

Foreword: This paper is one of a series giving the results of studies car¬ 
ried out more or less simultaneously in the two laboratories designated in the 
authorship of this paper. These studies have proceeded with a free ex¬ 
change of results and frequently of detailed data. The second part of the 
present paper is a portion of the joint study and contains data obtained in 
the California laboratory. 


INTRODUCTION 

In an earlier paper we (1) showed that reduced or very low curd tensions 
are exhibited by artificial “buttermilks” produced by churning synthetic 
creams whose fat globule adsorption “membranes” are derived from (a) 
washed sweet cream, (b) sweet rennet whey and (e) sols of rennet whey 
powder. Skim milk containing added natural fat globule “membrane” 
complex also exhibited reduced curd tension. On the other hand, normal 
curd tensions were exhibited by “buttermilks” when skim milk was em¬ 
ployed as emulsifying agent or when a lecithin-cephalin mixture (80-85 
per cent lecithin) was added to skim milk. The conclusion drawn at that 
time that the fat globule “membrane” itself, particularly its protein com¬ 
ponent, causes the reduced curd tension of natural buttermilk is supported 
by our (2) later experiments in which we employed fat globule adsorption 
“membranes” derived from sols of skim milk powder, calcium caseinate, 
gelatin, tissue fibrinogen (leeithoprotein) and whey powders (from both 
rennet and acid whey). When the adsorption “membrane” of the artificial 
creams was derived from whey powder, gelatin and calcium caseinate, the 
buttermilk exhibited very low curd tension. When gelatin and calcium 
caseinate furnished the “membrane,” the addition of relatively large 
amounts of CaCl 2 largely, if not completely, prevented the low curd tension 
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* Paper No. 1777, Scientific Journal Series, Minnesota Agricultural Experiment 
Station. 


801 



862 


L. S. PALMER AND N. P. TARASSUK 


of the buttermilk but there were indications that this was not due merely to 
supplying Ca ++ needed for normal clotting. 

The experiments to be reported in the present paper support the conclu¬ 
sion that two somewhat different types of phenomena were involved in our 
previous results. One type appears to involve a partial denaturation of fat 
globule “membrane” protein which prevents normal curd tension of the 
buttermilk, the intermediate steps not yet being clearly understood. In the 
other type natural esterase in raw milk plasma liberates fat acids which 
prevent the normal clotting of milk if certain conditions are provided. The 
application of these findings to natural sweet cream buttermilk will be con¬ 
sidered in another paper. 

EXPERIMENTAL 

Procedures and methods . The general procedures were briefly as fol¬ 
lows. Pure, melted butter fat was emulsified at 37° C. in a suitable quantity 
of the emulsifying agent to produce a synthetic cream containing 27-30 per 
cent fat. After dilution with skim milk to 3-4 per cent fat content, the 
“remade’’ whole milk gave, on centrifugal separation, “remade 1 * skim milk 
and “remade” cream. The cream, on churning, produced “remade” but¬ 
termilk. Any cream which was subjected to washing was diluted with at 
least four volumes of distilled water in each washing. When it became 
necessary to concentrate any preparation obtained in this study the con¬ 
centrate was effected by pervaporation. 1 • 

The methods for determination of curd tension, surface tension, N con¬ 
tent, etc. were described in previous papers (1, 2). In the present study 
pH was determined in some cases by the hydrogen electrode and in others 
by the quinhydrone electrode. Any special procedures employed or modifi¬ 
cations of the usual ones will be described in connection with their particular 
use. 

1. Evidence hearing on protein denaturation being involved in the low 
curd tension of buttermilk. 2 It is recognized that the term protein dena¬ 
turation has not yet been defined exactly but it seems to be generally recog¬ 
nized at present that it is the result of intramolecular change, involving the 
appearance of SH groups, causing a loss of one or more properties, especially 
that of “solubility.” We have previously (1, 2) shown that the curd ten¬ 
sion of “remade” buttermilks containing “membrane” proteins derived 
from whey or whey powder is much lower than when the buttermilks con¬ 
tain natural “membrane” protein. Since whey proteins are definitely 

i Pervaporation is the term applied by Kober (J. Am, Chem. Soc. 39: 944, 1917) to 
the spontaneous evaporation of water from colloidal sols through a semipermeable mem¬ 
brane which encloses them. Our method of performing pervaporation is described in a 
previous paper (1). 

a The experimental data presented in this section of the paper were obtained at the 
University of Minnesota and are taken from the thesis presented by N. P. Tarasauk for 
the Ph.P. degree, University of Minnesota, 1937. 
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heat coagulable whereas the isolated “membrane” protein shows little if any 
heat coagulability (3) the possibility is suggested that a reduction in curd 
tension of a buttermilk may be determined, in part at least, by the extent of 
denaturation of the “membrane” protein and its release into the butter¬ 
milk. It is now established that protein denaturation may be brought about 
by surface energy as well as by heat. It is certain that surface forces are 
involved in the formation of an emulsion and in the churning of cream to 
butter. Also it has been known since the early observation of Ascherson (4) 
that a denaturation of albumin occurs at an* oil-albumin sol interface and 
that this is accentuated by shaking the mixture. 

A discussion of the various prevailing theories regarding the structural 
and chemical changes occurring in protein denaturation by different forms 
of energy will not be attempted, but certain results observed in recent 
studies on surface coagulation of albumin will be cited since like results 
occurred in the curd tension studies of “remade” buttermilks involving 
natural whey and whey powder sols. It has been shown by Bull and Neu- 
rath (5) that the pH of egg albumin sols shifts during surface denaturation, 
the direction and extent of shift depending upon the initial pH of the sol. 
A decrease of 0.2-0.3 pH was found to occur at pH 6.6. In these experi¬ 
ments the rate as well as the extent of surface denaturation at pH 6.6 was 
relatively low even when other conditions (higher protein concentration and 
presence of electrolytes) were favorable. Also, they found that even under 
conditions of maximum coagulation not as much protein could be coagulated 
by shaking as by heating, although the non coagulated portion remaining in 
the heated sample would still show surface denaturation. 3 

If one accepts Neuratli’s (6) theory that surface denaturation of protein 
represents an unfolding of the molecule, decreased surface tension should 
be found to accompany the denaturation. Although this does not seem to 
have been studied systematically, indirect evidence for it is found in the 
experiments of Danielli (7) showing that interfacial tension is permanently 
decreased at mi oil-water interface, in the presence of protein. 

We admit at the outset that the experimental evidence which we have so 
far obtained is not as conclusive as we would desire in support of the hy¬ 
pothesis that denaturation of fat globule “membrane” protein may be in¬ 
volved in certaiu cases of reduced curd tension of buttermilk. The experi¬ 
mental fact that low curd tension is accompanied by lower pH and lower 
surface tension in the whey protein experiments already published (2) 
could be accepted as presumptive evidence of protein denaturation when 
viewed in the light of the foregoing discussion. Since the same effects are 
produced as the result of milk esterase activity, provided certain fat acids 
are liberated, as will be shown later in this paper, conclusive evidence for 

a Protein which has undergone surface denaturation at pH above or below its isoelec¬ 
tric point will coagulate when the pH is brought to this point. 
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protein denaturation obviously must be sought under conditions which do 
not suggest esterase activity but where protein denaturation can occur and 
curd tension is affected. 

(a) Effects on curd tension of direct addition to milk of isolated fat 
globule “ membranes .” If it be assumed that denatured fat globule “mem¬ 
brane” protein may reduce the curd tension of buttermilk when released 
during the churning of cream, it seems reasonable to expect the same result 
if the “membrane,” isolated from washed cream, is added directly to skim 
milk. Such a result should be most evident if the “membrane” protein is 
readily denatured, e.g ., in the case of an artificial cream made by dispersing 
butter fat in a sol whose i>roteins are exclusively those of milk whey. 

Experiments I, II and III, table 1, give the results of tests based on the 
above hypothesis. In each experiment the principal curd tensions given for 
comparison are those of (1) the untreated control skim milk, (2) the skim 
milk plus a “membrane” sol and (3) the skim milk plus water equal to the 
volume of “membrane” sol tested; the purpose of the last test being to 
determine the effect on curd tension attributable to the dilution of the skim 
milk with the “membrane” sol. In experiment II there was an additional 
comparison in which there was added to the control skim milk a sol of the 
whey powder having the same concentration of fat and solids-not-fat as in 
one of the “membrane” sols tested in this experiment. It was thought that 
this would give additional evidence regarding any change affecting curd 
tension, which might have occurred in the whey proteins during the prepara¬ 
tion and churning of the emulsion. 

In experiment III, table 1, an attempt was made to test the possibility 
that the denatured portion of the “membrane” protein is not confined ex¬ 
clusively to that portion of the “membrane” which remains on the surface 
of the fat globules after they are washed but is, in part, removed by the 
washing operation. It is already established (8) that the first washing of 
cream removes most of the plasma proteins and undoubtedly most of the 
loosely adsorbed “membrane” also. Regardless of how the denatured por¬ 
tion of “membrane” protein distributes itself in such an experiment, it is 
safe to say that the first washing plus the free buttermilk from the cream 
thus washed will contain all of the plasma proteins in the original unwashed 
cream as well as most of the denatured protein. Some of the “membrane” 
protein remains in the butter; this portion was not included in our study. 

The “membrane” sols tested in experiment III were in one case a con¬ 
centrate of the first washing of a “remade” whey powder cream and in the 
other case a mixture of this concentrate and some of the “membrane” from 
the washed cream. The concentrate of the first washing was added to skim 
milk when its effect on curd tension was tested alone. When the mixture 
was tested no plasma proteins were involved except those in the first washing 
concentrate, the curd tension being determined on a sol made up of nine 
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parts of this concentrate containing 7.85 per cent s.n.f. and one part of but¬ 
termilk concentrate from the washed cream, the latter also containing 7.85 
per cent s.n.f. 

Since the procedure employed for preparing the several “membrane” 
sols employed in experiments I, II and III, table 1, differed somewhat, a 
brief description of each sol seems desirable. 

TABLE 1 


Curd tension reductions when artificial fat globule “membranes” are 
added directly to raw skim, milk 


Sample 

No. 

1 

Description of sample 

Curd 

tension 

pH 

Surface 

tension 

. : 

1 

Experiment I 

Raw skim (blank) 

grams 

77 


dynes/cm. 

2 

210 ml. raw skim+ 16.9 ml. 
“membrane” sol No. 1 

60 



3 

210 ml. raw skim + 16.9 ml. ILO 

64 



4 

Experiment JJ 
“Remade” skim (blank) 

52 

1 


5 

90 ml. * ‘ remade ’ * skim + 10 ml. 
“membrane” sol No. 2 

27 



6 

90 ml. “remade” skim . 10 ml. 
“membrane” sol No. 3 

35 



7 

90 ml. “remade” skim+ 10 ml. ILO 

41 



8 

90 ml. “remade” skim f 10 ml. 
whey powder sol* 

40 



9 

Experiment JJl 

Raw skim (blank) 

79 

1 


10 ! 

90 ml, raw skim +10 ml. 

“membrane” sol No. 4f 

60 



11 

90 ml. raw skim+ 10 ml. ILO 

69 



12 

90 ml. “membrane” sol No. 4 + 

10 ml. “membrane” sol No. 5 

0 

| 


13 

Experiment IT 

Raw skim (blank) 

Raw skim f 25% ‘ k membrane ’ ' 

sol No. 6 i 

70 

! 

50 

14 

36 

6.53 

47 

15 

Raw skim 1 25% II a O 

; 37 

6.61 

50 

16 

Raw skim + 14.5% “membrane” 
sol No. 7 

[ 53 

0.46 

46 

17 

Raw skim 14.5% ILO 

| 53 

6.62 

50 


* This sol had the same concentration of fat and solids-not-fat as “membrane” sol 
No. 3. 

t “Membrane” sol No. 4 had total solids = 11.85%, fat-4.0%, pH = 6.54. 


“Membrane” sol No. 1: A 30 per cent cream was prepared by emulsify¬ 
ing butter fat in nine per cent aqueous dispersion of spray dried rennet 
whey. The cream was held for 26 hours at 8° C., washed twice 4 at 37° C., 
* Chemical analyses of these washings and buttermilk obtained after churning showed 
0.035% N in first washing, 0.018% N in the buttermilk and 0.003% N in the second 
washing. 
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aged for several hours at 8° C., churned, and the free ii buttermilk’* concen¬ 
trated to 3.6 per cent of the original volume. This concentrate constitutes 
‘ * membrane y 9 sol No. 1. 

“Membrane” sol No. 2: This was prepared in the same manner as sol No. 
1 except that the synthetic whey powder cream was aged in ice water for 
four hours and the free “buttermilk” from the twice washed cream was 
concentrated to only 8.3 per cent of the original volume. The concentrated 
i i buttermilk * 9 constitutes ‘‘ membrane * 9 sol No. 2. 

“Membrane” sol No. 3: A portion of the same 30 per cent cream used for 
sol No. 2, which had been aged in ice water, was diluted with five volumes of 
raw skim milk to produce a “remade” whole milk. This was reseparated 
to produce a “remade” cream. The cream was held overnight at 8° C., 
washed once at 37° C., churned, and the free “remade buttermilk” concen¬ 
trated to 6.3 per cent of its original volume. This concentrate constitutes 
“membrane” sol No. 3. The “remade” skim milk obtained in the course of 
preparing this sol was employed as the control milk in experiment II. 

“Membrane” sol No. 4: A 30 per cent cream in a nine per cent aqueous 
dispersion of the dried whey was diluted with five volumes of raw skim milk 
to produce a “remade” whole milk. This was held overnight at 8° C., 
washed once at 37° C. using four and one-half volumes of water. The first 
washing was concentrated until it contained 7.85 per cent s.n.f., this being 
the average s.n.f. content of free “remade'’ buttermilk from unwashed whey 
powder cream. This concentrate constitutes “membrane” sol No. 4. 

“Membrane” sol No. 5: This preparation is a concentrated sol of the 
free “buttermilk” from the churned, “remade” washed cream whose first 
washing was used to produce “membrane” sol No. 4. It was concentrated 
until it contained the same s.n.f. atf “membrane” sol No. 4. 

(b) Evidence that protein denaturation can occur in butter fat surfaces 
during emulsification and churning. It was found in the course of our 
studies that excellent emulsions capable of being churned readily could be 
produced with butter fat and an aqueous sol of undenatured protein 5 re¬ 
maining in rennet whey powder after extraction of all lipides by hot 75 per 
cent ethyl alcohol followed by ethyl ether. These emulsions furnished some 
evidence of further denaturation as follows : 

1. Emulsification. When a concentrated sol of the protein was shaken 
mechanically in glass for 48 hours at 10°-12° C. both at its original pH 
(6.35) and at pH 4.85, there was distinct evidence of increased cloudiness 

5 The undenatured, water soluble protein was isolated by a modification of the method 
described by Bimpila and Palmer (8) for isolating fat globule “membrane” protein. 
We employed only three volumes of dioxan to one volume of dialyzed, lactose free, filter**! 
protein solution for flocculating the protein, thus permitting the protein to redisperse in 
water if not subjected to drying. The isolated protein was found to contain only 10.31 
per cent nitrogen. The significance of the low nitrogen, which makes it resemble the 
natural fat globule membrane protein, remains to be discovered. 
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only at the low pH. However, when the sol was shaken for 30 minutes at 
37° C. in the presence of 20 volumes per cent butter fat, and the emulsion 
centrifuged at high speed, the “skim milk” layer showed evidence of surface 
denaturation when brought to pH 4.8, especially if the fat emulsion remain¬ 
ing in the lower layer was partially broken by adding one-third volume of 
ethyl ether. 

2. Emulsification and churning. When creams made from butter fat 
and the protein sol were churned, the buttermilk showed distinct precipita¬ 
tion on acidification to pH 4.0-4.6. It would be expected that such butter¬ 
milks should cause a reduction in curd tension when added directly to raw 
skim milk but this was not found to be the case as shown in experiment IV, 
table 1. In one test the unaltered buttermilk was employed (“membrane” 
sol No. 6) and in the other it was first concentrated to 17 per cent of original 
volume (“membrane” sol No. 7). 

DISCUSSION OF DENATURATION EXPERIMENTS 

Experiments II and III furnish the strongest evidence for the possibility 
of a protein denaturation relationship to reduced curd tension, it should 
be emphasized that the “membranes” employed in these tests did not remain 
in contact with milk caseinate for long periods prior to the determination of 
curd tension so that there was not the opportunity for physico-chemical 
changes to occur gradually which would prevent the action of rennin. In¬ 
stead, the “membranes” were added directly to the milk and the curd 
tension determined almost immediately. 

The results show that the effects of “membrane” sols No. 2 and 3, espe¬ 
cially No. 2, were clearly greater than obtained by dilution. There is evi¬ 
dence in the same direction, although not in itself convincing, for “mem¬ 
brane” sol No. 1. There is no possibility that lipolytic action could have 
been involved in the case of “membrane” sol No. 2 for it was not in contact 
with raw skim milk except at the time of the curd test. Raw skim could have 
contributed lipolytic enzymes to supply fat acids in the case of “mem¬ 
brane” sol No. 3 but it does not seem likely that it did because “membrane” 
sol No. 3 had less effect on curd tension than “membrane” sol No. 2. The 
effect of “membrane” sol No. 4, experiment III (from first washing of a 
“remade” whey powder cream) was also clearly greater than could be ac¬ 
counted for by dilution and, when combined with the buttermilk from this 
cream to form “membrane” sol No. 5, did not clot at all when rennet was 
added. Some of the latter effect admittedly could have been due to lipolysis 
occurring during the pervaporation of the “remade” buttermilk but it 
seems unlikely that this was the sole cause since “membrane” sol No. 5 was 
analogous to “membrane” sol No. 3 which did not completely prevent clot 
formation. 

Special significance possibly should be attached to the curd tension re¬ 
ducing properties of “membrane” sol No. 4 for this represented the outer 
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“membrane” of the emulsion, removable by washing. The result suggests, 
either that the outer portion of such an adsorption layer is more readily 
denatured by surface energy or that the portion which has become denatured 
is more readily detached. The latter view is more in keeping with Neurath’s 
(6) theory of surface denaturation of protein molecules. 

It is not possible to explain readily the failure of “membrane” sols No. 
6 and 7 to reduce curd tension more than obtained by dilution alone. The 
stabilizing “membranes” from which these sols were derived were, of course, 
undenatured residues from the hot alcohol treated whey powder. Although 
evidence was obtained that they could be denatured further by surface 
energy, it is possible that not enough further denaturation occurred to affect 
curd tension. In support of this is the evidence that they had very little 
effect on either pH or surface tension of raw skim milk. 

2. The effect of esterase activity on curd tension. The results to be de¬ 
scribed were the outgrowth of an effort to obtain further light on the ques¬ 
tion whether a “membrane” protein denaturation is an important factor in 
the low cnrd tension of buttermilk. In our previous studies (2) curd tension 
of buttermilk was either greatly reduced or clotting completely prevented 
when the membrane was composed of either denaturable proteins (whey pro¬ 
teins) or non-denaturable proteins (casein or gelatin). It seemed desirable 
to study the effects of employing a “membrane” which was neither protein 
nor phospholipide, if such could be obtained. We found that diglycol lau¬ 
rate, which is an excellent emulsifying agent, would serve the purpose. The 
results obtained opened up entirely new aspects of the problem of reduced 
curd tension and led to the establishment of some of the conditions under 
which the activity of natural lipolytic enzymes in milk may be responsible 
for the complete prevention of coagulation by rennet. We will present here 
only a few crucial experiments among a large number carried out on various 
aspects of the problem. 

(a) Study of diglycol laurate cream. A synthetic cream was made by 
emulsifying 250 ml. fresh, filtered, melted butter fat with 600 ml. six per 
cent aqueous diglycol laurate suspension at 37° C., using the hand emulsifier, 
the mixture being put through four times. The emulsion was diluted im¬ 
mediately with 5,720 ml. fresh raw skim milk and the “remade” whole milk 
separated at once at 38°~40° C. Separation was normal. The remade cream 
appeared normal after standing overnight in a cold room. Churning at 
55°-60° F. required 1.5 hrs., the gathering of the butter granules being 
slow*. The total solids content of the original skim, the “remade” skim and 
the “remade” buttermilk was 8.5, 8.19 and 8.7 per cent respectively, the fat 
content of the corresponding products being 0.02, 0.49 and 0.90 per cent 
respectively. Data on the curd tension with rennet alone at 35° C., the pH 
and the surface tension are given in table 2, experiment I. All results are 
averages of at least two determinations. 
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TABLE 2 

Curd tension at So° C., pH and surface tension of original and “remade ” milks from 
diglycol laurate cream and of skim milk after direct addition 
of the same fat acid ester 


Sample 

No. 


Curd tension 

PH 

Surface 

Description of sample 

Fresli 

After 

Fresh 

After 

tension 

Fresh 




aging 

aging 


Experiment 1 

gms. 

gms. j 



dynes/cm. 

1 

Original skim milk 
“Remade” whole 

62 


6.60 


53.9 

2 

35 





3 

“Remade” skim 

50 

49* 

6.58 


45.5 

4 

“Remade” buttermilk 

3 

1 * 

6.20 


41.3 

5 

“Remade” skim 







4 30% II a O 

25 



. .. 

. 


Experiment II 

A fier 

10 hrs.\ 

j After 

40 hrs A 

A fter 

I 16 hrs. 

After 

40 hrs . 

A fter 

10 hrs. 

1 

\ Original skim milk 

56 

1 56 

6.62 

6.60 

53.2 

o 

; Skim agitated 30' at 


i 

1 

! 



i 23- 0. 

51 

i 54 

| 6.66 

6.60 

53.2 

3 

Skim + 0.5% diglycol 
laurate, stirred 

Skim 4 0.5% diglycol 

41 

j 

i H 

j 6.45 

1 6.35 ; 

j 35.7 

4 



i 

: 



laurate, agitated like 
sample 2 

0 

0 

i 

| 6.34 

6.20 

39.2 

5 

Skim agitated 30' at 







7 0 -ld° (\ 

55 

54 

6.62 


53.2 

6 

Skim 4 - 0.5% di glycol 







laurate,agitated like 







1 sample 5 

7 

0 

6.34 

6.25 

36.4 


* Aging was for 22 hours at 7°-10° C. 
t Aging was at 7 C -10° C. 


(b) J Effect of direct addition of diglycol laurate to skim milk . Diglycol 
laurate was emulsified into raw skim milk and the effect on curd tension with 
rennet alone at 35° t\, pH and surface tension studied at intervals. The 
conditions of the experiment, which had suitable controls, as well as the re¬ 
sults are given in table 2, experiment II. Agitation was carried out in a 
motor driven, four quart I)azey churn having a two blade paddle revolving 
at approximately 250 r.p.m. All results are averages of at least two deter¬ 
minations. 

It is apparent that diglycol laurate cream shows the same phenomenon 
as synthetic protein creams and that like results are obtained simply by 
agitating of skim milk containing a dispersion of diglycol laurate. The first 
explanation which suggests itself is that diglycol laurate is adsorbed by the 
calcium caseinate, thereby preventing normal rennet action. But this would 
not of itself explain the simultaneous decline of both curd tension and pH 
on standing when the ester is added directly to the milk. These effects were 
repeatedly confirmed. In one of the confirmation experiments the further 
significant fact was brought out that the use of CaCl 2 in the curd test pre¬ 
vented the deleterious effect of the ester on the tension. For example, a 
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sample of raw skim milk, treated with diglycol laurate, showed a curd ten¬ 
sion of 50 grams at 35° C. and a pH value of 6.60 when fresh and a curd ten¬ 
sion of zero at 35° C. and a pH value of 6.15 after 40 hours aging at low 
temperature but the zero value was raised to 61 grams on addition of four 
volumes per cent of 5 per cent CaCl 2 * 2H 2 0 solution before addition of the 
rennet. Analogous effects of CaCl 2 were reported in our previous paper (2) 
when studying the curd tension of “ remade’* buttermilk from synthetic 
gelatin and calcium caseinate creams. 

The correct explanation of clot prevention in these experiments was 
found in a study of the cause of the gradual decline in pH. This was found 
to be due to the liberation of lauric acid from the diglvcol laurate ester. The 
experimental proof will be presented in detail in another paper but experi¬ 
ments I and II, table 3 show clearly that pasteurization of skim milk (30' 
@ 65° C.) completely prevents the adverse effect on the rennet clot which 
results when diglycol laurate is dispersed in raw skim milk. 

TABLE 3 


Effect of previous pasteurisation on the changes in curd tension , pH and surface tension 
in agitated , diglycol laurate treated skim milk 


Sample 

No. 

Description of sample 

i 

Curd tension j 

pH 

Surface 

tension 

A* 

B* j 

j A 

B 

A 


Experiment T 

gms. 

gins. 



dynes/cm. 

1 

Past, (blank) 

69 (21) 

62 (44) 

1 

6.64 

52.5 

2 

Past. +0.5% dg.l.,t 







agitated 

41 

45 

i . 

6.68 

33.6 


Experiment II 

; 


i 

i 



3 

Raw (blank) 

64 (22) 

68 (72) 

| 6.69 | 

6.63 


4 

Raw +0.55% dg.l., 







agitated 

0 

0 

6.39 

6.22 


5 

Past. +0.55% dg.l., 





■ 


agitated 

35 

44 

6.74 

6.73 



* The figures in parentheses indicate the number of hours the sample was aged at low 
temperature before the datum was obtained. 

t Dg. 1. is abbreviation for diglycol laurate. 


SUMMARY AND CONCLUSIONS 

Experiments are described showing a reduction in curd tension when 
artificial fat globule “membrane” sols derived from spray dried whey were 
added directly to natural or “remade” skim milk. Since some of these sols 
exhibited evidence of protein denaturation on shaking, the experiments sug¬ 
gest that this may interfere, under some conditions, with normal clotting of 
milk by rennet. 

Experiments are described showing that the normal rennet clot may be 
completely prevented by emulsifying a small amount of diglycol laurate 
into raw milk at room temperature, aging the emulsion in the cold and add- 
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mg rennet at 35° C. This phenomenon also occurs in “remade” buttermilks 
from “creams” whose butter fat globule “membrane” is diglycol laurate. 
A decrease in surface tension and pH accompanies the destruction of clot¬ 
ting ability. The explanation of this phenomenon is the liberation of lauric 
acid from the diglyeol ester by natural milk enzyme. It does not occur if 
the milk is first pasteurized. 
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SPERM STIMULATION IN THE BULL THROUGH THE SUBCU¬ 
TANEOUS ADMINISTRATION OF ASCORBIC ACID* 
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University of Wisconsin, Madison, Wise. 

Ascorbic acid therapy for iuipotency in the male bovine has given rather 
startling results. The initiation of such treatment was based upon three 
facts obtained from rather widely separate observations. Phillips and Stare 
(1) in 1933 reported a very high concentration of ascorbic acid in the pitui¬ 
tary gland of cattle. Phillips vt ah (2) reported preliminary evidence to 
show that a low blood plasma ascorbic acid was found in cattle fed on a 
restricted dietary regimen. Lardy and Phillips (3) found that bulls with 
low fertility showed less than 2 mg. of ascorbic acid per 100 ec. of fresh 
semen and in some cases only a trace. Good breeding bulls on the other hand 
produced semen containing from 3.0-8.0 mg. of ascorbic acid per 100 cc. of 
fresh semen. With these facts at hand ascorbic acid therapy was undertaken. 

Bulls of low potency rating, slowness in breeding and general sexual in- 
differenee wore sought. Such animals are difficult to obtain because poor 
breeding bulls are soon dispensed with. A number of such animals have 
been placed in our hands for treatment. The results obtained seem to war¬ 
rant publication at this time. 

In general, the laboratory data rest largely upon the ascorbic acid coil- 
tent of the blood plasma and semen, the longevity in storage in our yolk 
buffer pabulum, microscopic observations, and upon return to active breed¬ 
ing service. The ascorbic acid analyses were determined by the method of 
Mind!in ct al . (4), Longevity records were obtained by microscopic obser¬ 
vations at 37° C. made at 24 hour intervals. Samples thus observed were 
given ratings of 1 -f to 4 - depending upon the type and vigor of the sperm 
movement. One plus represented poor motility, while 4 + indicated excellent 
quality semen. The end-point for longevity recording was the change from 
1 4- to less than 1 > or at the point when only a few sperm were moving. 

In all cases herein reported ascorbic acid was injected subcutaneously at 
the rate of about 1 gram per 1000 pounds of live weight. Such injections 

Received for publication February 10, 1940. 

* Published with the approval of the director of the Wisconsin Agricultural Experi¬ 
ment Station. 
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were made twice weekly where possible. Some cases in the field were given 2 
gram doses at five day intervals. Occasionally, it was impossible to give 
regular periodic treatments where travel and distance were involved. The 
results obtained indicate that the size of dose should be at least 1 gram per 
1000 pounds of live weight. The dose has been increased to 1J grams per 
1000 pounds live weight with good results. Larger doses seem to be unnec¬ 
essary. 

results 

The results from these studies have been gratifyingly satisfactory. Table 
1 shows the progressive recovery of potency by bull No. 1220 under ascorbic 
acid treatment. It is to be regretted that blood samples were not obtained 
in this case. It is seen, however, that there was no ascorbic acid in the semen 
sample obtained prior to treatment. Ascorbic acid began to appear in the 
semen after 2 or 3 weeks. Thereafter, there was rapid recovery until at the 
end of 5 weeks the ascorbic acid content of the semen reached the normal 


TABLE 1 

The effect of ascorbic acid therapy upon bull 1220 * the. first bull treated 
with ascorbic acid 


Date 

i 

Semen 

ascorbic 

acid 

Longevity 
in yolk 
buffer 

Total ascor¬ 
bic add 
injected 

Character of semen 


m<7. % 

hr. 

ym. ; 


7/28/30 

0 

0 

0 ! 

Thin, watery, no motility 

7/31/39 



i ! 


8/ 9/39 

.28 


4 I 


8/17/39 

trace 


6 ! 

Thin, feebly active 

8/29/39 

6.88 

268+++ 

9 

Normal, heavy, highly active 

Therapy discontinued for three weeks 

9/20/39 

4.62 

164+ i 


Good, active 

10/20/39 

7.40 

200+ 

11 

Heavy, highly active 


* A young bull that became sterile shortly after entering service. 


level of approximately 6.19 mg. per cent on the average. The appearance of 
ascorbic acid in the semen was accompanied by distinct changes in the char¬ 
acter of the semen sample. Formerly, the semen was thin and watery and 
totally devoid of life. It had now become normal in appearance, thick and 
creamy, with every evidence of life and vitality. Ascorbic acid treatment 
was suspended for 22 days. Tests were again made and 2 grams of ascorbic 
acid given. Four, seven and eight days later 3 heifers were bred to this bull. 
One was bred with semen stored for 96 hours. The heifers were slaughtered 
three weeks after breeding. Embryos were found in two, but the one bred 
with the stored semen had not conceived. 

Table 2 summarizes the data from a number of other bulls given ascorbic 
acid therapy. Several important facts are noticeable. There was a rise of 
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95 per cent in the ascorbic acid content of the blood plasma. There was a 
general movement of the ascorbic acid content of the semen toward a range 
lying between 3.00-8.00 mg. per 100 cc. of fresh semen. In our experi¬ 
ence, completely impotent bulls have shown less than 2 mg. of ascorbic 
acid per 100 cc. of semen. On the other hand, bulls which had a question¬ 
able breeding record, or were only partially potent very often showed ex¬ 
cessive amounts of ascorbic acid in the semen sample. There was little 
change in the ascorbic acid content of successive semen collections taken at 
one sampling although a slight drop was experienced. With the appearance 
of normal ascorbic acid values in the blood plasma and semen samples there 
was uniformly greater sperm vitality as evidenced by the longevity record. 
This is of special significance. 

It will be noticed that the laboratory data on eleven of the bulls was in¬ 
complete. These bulls were treated under practical farm conditions. Fre¬ 
quently, herd sires used under natural breeding conditions would not allow 
semen collections by means of the artificial vagina, were untractable, or dis¬ 
tance made it impossible to obtain the data directly. In the latter case 
veterinarians, county agents, or the authors gave the treatments and ob¬ 
tained reports on the breeding performance as recorded. Where semen 
samples were available the general characteristics were noted. Semen from 
seven of these bulls was observed grossly or microscopically, or both. In 
these cases the semen character was changed by the treatment from the thin 
aqueous type characteristic of low grade semen to the thick creamy highly 
motile semen of the normal bull. In this regard it was interesting to record 
the case of one Guernsey bull which failed to respond to ascorbic acid treat¬ 
ment. It had been noticed that the conversion of carotene might be involved 
in the impoteney of certain bulls. With this observation in mind the above 
bull was given vitamin A in the form of high grade cod liver oil at the rate 
of 20 cc. per day. The ascorbic acid therapy was continued. The bull 
quickly returned to the production of a high grade potent semen which was 
equivalent to or better than seven other bulls maintained in that particular 
breeding cooperative association. 

Some of the bulls had little sex interest and a few would not breed at all. 
Six were classified in this category, or were extremely slow breeders. These 
eases have shown a distinct “lift” in sex interest after therapy. They are 
again in service. 

Two bulls have shown improvement followed by relapse a few weeks 
after the treatment was suspended. These cases responded again to the 
therapy after relapse. It seems that the regular heavy service demands 
upon them crowds them beyond their limits and exogenous sources of 
ascorbic acid are needed. 

An attempt to feed the ascorbic acid by mouth and effect a change in the 
ascorbic acid content of the blood plasma was unsuccessful. A vicious hard- 



TABLE 2 

Partial summary of data on bulls treated by subcutaneous injections of ascorbic acid 


876 


PAUL II. PHILLIPS, ET AL. 


e 

H 


*3 ® 

<2 g « 

o3’3 

*■* o'i 

W rt 
« 'tJ 
CO OS 


sa a 






I 

a 

.§ 3- 

I sS 

a > P rt rt * 
V p 

g.S-° m! 

£ lg.s® 

C5 *t-i JS 5 S'* 

g.S “ 2 S' 

b2 

fee « o fee^ 

a b. . s > ^ 

§ P K § g 




_I= 

3 * 

•O g 

STS.' 

feC*^ 

fec£ 

gs. 

53 1; ^ 
O M 


? 1 ■« 

"?.§ 1 ►> 

hS" -p 
•a ®a « 

•2*1 JS 

oj -Sr* t-, 05 

sf £ S*§ 

a SS a « 

s ti* s 

3 tl J 5 3 
O 3 feo" O 

gH S3 ■< &H 


•0 © 0 0 0 0 0 0 10 0*00 oo 

So w«ccooi»«ec6a6 oi os oo 

®5 rH PH 


ttt *4. 


owooow . C C) ^ be 

Cl OS ^ •«* 1-t OS HO)lO QJ 
H H IW rt Ol M CM rH rH_ ^ 

6 


*0 

% 


4 . p | 

O Oi ! 
05 o ; 


3 0 0 0 : 03 00 

3 CM O Cl : p O 
3 o’ os’ o oi t-' 


W ^ ® *fi Ol N O US 00 


« w55o^«>|oiza 


.X 0) 

« £ 
g S-* 

p 45 Cl 

£ ffl l 

S3 J 

p 2 

.5 « £ - 

,*g - rt .£ 

5 s o £, 

AjS £ w 

'C vC t 
(V « S-- 

g *.5 ic 
* k 

.§115 

I §»ll 

lit I 

ti O 4/ ** 

ffl a; ® ps 

r4 CM TC -t 


bo p 
« rt 

Is , b 

P *3 P «M 
o 5 p B 
'hi-J ; 

||i| 

"O ~ £ 'S 
g £ ® .5 

•g * g l 
rt’f g.S 

•° £ £ sc 

03 *■< &j flj 
«««:<£ 
prt . . , 

£- r— Cl ro 


g® 

Off * 

mL 

odcTS 












SPERM STIMULATION IN THE BULL 


877 


to-handle bull was fed one gram of ascorbic acid daily for 6 days. Subse¬ 
quent examination of the blood plasma indicated that there had been no 
change in the ascorbic acid level. 

A total of twenty-nine bulls have been treated. Four of these have not 
responded to ascorbic acid therapy by any measurable means. Therefore, 
it appears that about four out of every five bulls treated have responded 
favorably to ascorbic acid injections. One of the bulls which did not respond 
has been unofficially reported to have developed testicular atrophy previous 
to treatment. Fifteen of the bulls used in these studies were definitely 
headed for the discard when they came to our attention. They are again 
back in regular service after ascorbic acid therapy. 

DISCUSSION 

Ascorbic acid therapy is not expected to cure all cases of sterility in the 
bull. These researches do indicate, however, that it was distinctly beneficial 
in certain types of sterility. It seems to be favorable when bulls are in the 
growing and developmental process, or in the cases where rather heavily 
used potent bulls begin to decline in ability to “settle.” 

At present it is impossible to suggest why this type of impoteney should 
develop. Ascorbic acid has been shown to be present in the cells of the endo¬ 
crine glands concerned in reproductive functions. This work has been excel¬ 
lently summarized in the monograph by Giroud (5). Improper feeding 
over long periods of time, developmental failure, injury or infection might 
be singly or collectively responsible for this type of sterility. Until the tis¬ 
sues or organs responsible for ascorbic acid synthesis are more clearly de¬ 
fined the cause of impoteney due to ascorbic acid deficiency will of necessity 
remain obscure. 

It seems that the ascorbic acid content of fresh semen, freshly drawn 
blood, and longevity of sperm in yolk buffer gives a fairly accurate rating of 
potency in the bull. A few samples of semen treated with H 2 S and then 
tested for ascorbic acid under nitrogen gave values very close to those for 
ascorbic acid alone. ’Whether there is a relationship between the ascorbic 
acid and dehydroascorbic acid in semen is not known at this time. In blood 
plasma certain field samples from outlying points have given abnormally 
high ascorbic acid values. Whether these values were caused by the libera¬ 
tion of bound ascorbic acid which is released upon standing is not known. 
This possibility seems unlikely in view of our present knowledge of ascorbic 
acid chemistry. Longevity of sperm in yolk buffer gives a fair degree of 
accuracy in rating potency in the bull. This test is easily applicable where 
semen samples are regularly collected. A poor breeding bull's semen will 
maintain motility for less than 100 hours while a potent bull semen sample 
will maintain motility for more than 200 hours. Thus, poor breeding or low 
potent semen stores for less than 100 hours, good semen will store for 100- 
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200 hours, and very potent semen will store with a high degree of activity 
for 200 hours and more. 


SUMMARY AND CONCLUSIONS 

These data indicate several important results: (1) the subcutaneous in¬ 
jection of ascorbic acid resulted in the restoration of the fertilizing capacity 
of certain impotent bulls; (2) potent bull semen normally contained on the 
average of 6.19 with a range of 3.0-8.0 mg. of ascorbic acid per 100 cc. of 
fresh semen; values below 2 mg. were associated with impotency, or poor 
breeding; (3) high ascorbic $cid values, 8.0 mg. or more, on the other hand 
were associated with bulls with an unreliable breeding record; and (4) the 
ascorbic acid content of fresh semen, freshly drawn blood plasma and espe¬ 
cially the longevity of sperm in yolk-buffer provides a fairfy accurate esti¬ 
mate of potency or impotency in the bull. 

From these data it is concluded that ascorbic acid is intimately involved 
in the production of virile sperm in the bull and in some manner it is vitally 
concerned in the physiology of reproduction in the male bovine. The exact 
nature of its role in this capacity is not known. 
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THE GAS REQUIREMENTS OF MOLDS. II. THE OXYGEN RE¬ 
QUIREMENTS OF PEN1CILLIUM ROQUEFOBTI (THREE 
STRAINS ORIGINALLY ISOLATED FROM BLUE 
VEINED CHEESE) IN THE PRESENCE OF 
NITROGEN AS DILUENT AND THE 
ABSENCE OF CARBON DIOXIDE 


N. S. GOLDING 

Division of Dairy Husbandry, Agricultural Experiment Station, 

State Cotlcge of Washington, Pullman. Washington 

INTRODUCTION 

The object of this study was to determine to what extent the 0 2 of the air 
must be diluted with N a to show the inhibition of growth of strains of Pem¬ 
ail iinn roqucforti. 

The x>revious study (4) has shown the marked difference in the growth 
of strains of P. roqucforti in an atmosphere diluted with N 2 as compared 
with C0 2 . The study was continued with the object of determining the 0 2 
requirements of strains of P. roqucforti in C0 2 -free air, diluted with N 2 , 
over a wide range of temperature. The C0 2 in the air and that produced by 
the mold during growth were absorbed by NaOH solutions, to produce as far 
as possible the absence of C0 a during growth. 

LITERATURE 

Since writing the previous paper (4) of this series, little work has been 
published on the 0 2 requirements of any of the molds in the absence of C0 2 . 
Certain new work refers to the need for 0 2 in gluconic acid production by 
Aspergillus niger (6), but since, in the method described, the acid formed is 
neutralized by precipitated chalk (CaCO H ) it is questionable whether the 
presence of C0 2 is not the more important factor, which necessitates a fre¬ 
quent change of air during the fermentation. 

CULTURES 

Three cultures of blue mold, strains of P. roqucforti , from the previous 
study (4) were used, namely: 

Culture 32. Isolated from a Wens]eydale cheese made at the University 
of British Columbia, 

Culture 33. Similar origin. 

Culture 37. Isolated from a Wensleydale cheese made by Rowntree, 
York. 

Received for publication February 12, 1940. 
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Studies of their cultural characteristics and morphology have been pre¬ 
viously reported (2, 3). 

Purification. Before commencing the study the cultures were repurified. 
The usual poured-plate technique was used. The medium employed was 
very clear whey gelatin, which, with the assistance of a low power binocular 
microscope, enabled the marking of the colonies soon after germination. 
When the marked colonies had grown somewhat, they were transferred to 
agar slants. This was repeated four times. While it was not possible to 
select individual spores, it is reasonable to conclude that each culture was 
obtained from the growth of one or more spores of the same origin. 

MATERIALS AND METHODS 

Medium. From the results in the previous study it was decided to use 
Difco malt agar. Thus, to prevent changing the medium during the experi¬ 
ment, 17 lbs. of dehydrated Difco malt agar was purchased and stored at 
approximately 40° F. 

Slants. Agar slants of the above medium w T ere used for carrying the cul¬ 
tures and also for making the water dispersion of the mold culture to inocu¬ 
late the plates. When required for water dispersion, the inoculated agar 
slants were grown for 11 days at from 65° F. to 70° F. 

Preparation of plates. As in the previous work (4), 25 ml. of the above 
medium were used for each plate. After pouring, the plates were put on a 
cold slab to solidify, which prevented condensation on the lids. 

Inoculation of plates. One ml. of sterile water was added to the 11-day- 
old slant culture with a sterile pipette, and after mixing it was returned to a 
100 ml. wmter blank and shaken well. A sterile 4< L”-shaped platinum wire 
was dipped into the water dispersion of mold spores and used to inoculate 
the center of the plate. Thus the colony started from a small hole of fairly 
uniform size made by the platinum “h. ” Examination under the binocular 
microscope showed that growth started from an area of 2 mm, or less. The 
same wire was used in all cases. For each growth curve determination, 5 
plates for each culture at each temperature of incubation w r ere inoculated. 

Incubation. The same battery of incubators was used as in the previous 
study (4). Seven of these compartments were set to range in temperature 
at about equal intervals for a total variation of: from 46° F. to 90° F. A 
thermograph or maximum and minimum thermometer was kept in each com¬ 
partment to determine fluctuations in temperature. Also, 2 thermometers 
for each compartment were sealed with wax in small bottles containing 
water and read and recorded twice daily. The average of the readings of the 
latter was considered as the temperature of the incubator for the period of 
incubation. The slight variations in temperature from day to day seldom 
exceeded 1° F. In the later experiments Weston metallic thermometers 
were fitted into the desiccators and gave the temperature directly in contact 
with the plates. 
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Nitrogen. In this study, N 2 was the only gas used to dilute the air. The 
N 2 was used from the same commercial cylinder of gas. 

Gas chamber . As in the previous study (4) 250-rnm. Pyrex vacuum 
desiccators were used as the gas chambers for growing the molds in all cases. 
The maximum capacity of these desiccators is 22 Petri dishes each, when 
using only the space above the desiccator plate. One desiccator was put in 
each incubator compartment and connected with 2 glass tubes. One tube 
was connected to a common gas line to a mercury manometer, a suction 
pump, and the nitrogen cylinder. The other gas tube was the air intake 
for each desiccator, which was connected to 4 gas bottles (specially-fitted 
quart milk bottles). The gas bottles, which were held at the same tempera¬ 
ture as the desiccator, were in the following order: First, a bottle of a 10 per 
cent solution of NaOII to remove 0(.) 2 from the air; second, a bottle of dilute 
solution of H 2 SG 4 to prevent any NaOH being carried over into the last 2 
bottles, which contained a saturated solution of (NH 4 ) 2 S0 4 and its crystal¬ 
line salt; the last bottle was connected to the desiccator. Thus the air drawn 
into the desiccator passed through NaOH to remove C0 2 , then through 
H 2 S0 4 and finally through a saturated solution of (NH 4 ) 2 S0 4 to humidify 
the air to about 80 per cent and prevent the desiccation of the medium on the 
plates. 

Experimentally, it was found that over a period of 7 days (the 10 per 
cent added N 2 growth curve) a plate lost not more than 1.0 gram at 8 7° F. 
or about 0.5 gram at 60° F. To remove C0 2 from the air in the desiccator, a 
porridge dish containing 5 per cent NaOII was held in the space below the 
desiccator plate. 

During the growth period there was 110 need to move the desiccator from 
the incubator for changing the gas supply. Thus, variations in changes in 
temperature were avoided. Furthermore, the desiccator and gas wash bot¬ 
tles were held in their respective incubators before the plates w T ere added, 
thus shortening the time for adjusting the temperature 4 of the inoculated 
plates. 

Adding and changing gases. The desiccators, all having been filled with 
the required inoculated plates, w'ere simultaneously evacuated to reduce the 
content of the air to the required fraction. The reduced pressure was mea¬ 
sured with the manometer. The N 2 was then added to the desiccators until 
atmospheric pressure was reached. 

Example: Required: a mixture of 30 per cent of air and 70 per cent N 2 . 
Barometer pressure 700 mm. The desiccators were all simultaneously evac¬ 


uated to a column of mercury of 


700 x 70 


490 mm. N 2 w r as then added to 


atmospheric pressure. 

A daily change of gas was made simultaneously in all desiccators by 
bubbling air briskly through the solution in the 4 gas bottles and on through 
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each desiccator for 10 minutes. Thus, natural air free from C0 2 and at the 
specified humidity was obtained around all the plates in the desiccators. To 
change the gas over the plates, the desiccators were evacuated to 500 mm. 
back pressure and returned to atmospheric pressure via the gas bottles. 
This was repeated in all 3 times. When the molds were required to grow in 
a gas supply other than air free from C0 2 , the desiccators were simultane¬ 
ously evacuated to the required pressure (see above example) and then filled 
to atmospheric pressure. Both outlet and inlet to the desiccators were then 
closed; thus, only very slight deviation from atmospheric pressure occurred. 
The daily gas change took from 40 to 60 minutes. Being repeated 7 times 
for each growth curve of 168 hours, an unavoidable error of 4 to 5 hours 
growing in air is introduced in each growth curve. 

Growth period. After inoculation, which required less than one hour, 
the plates were inverted and put in their respective desiccators and incu¬ 
bated for a period of 7 days. 

Measurement of colony. Wherever possible, the growth of the colony of 
mold was expressed in millimeters representing the average diameter of 5 
colonies. (There were very few exceptions where the organisms either failed 
to grow or became contaminated, in which case the average diameter was 
obtained from less than 5 colonies.) 

Expression of growth. From the above measurements, curves have been 
drawn for each change in gas supply, using millimeters growth as the ver¬ 
tical axis and temperature as the horizontal axis. Such curves have the 
advantage of permitting: 

1. The making of a control curve for all temperatures of growth. Thus, 
controls do not have to be run concurrently with each curve made under 
changed gas supply. 

2. The interpolation of the average size of colony for any temperature 
over the range of growth for the culture. 

3. By interpolation the plotting of a growth curve for any temperature, 
having growth as the vertical axis and concentration of any gas at the 
horizontal axis. 

4. The capacity of the culture of mold to grow under a definite condi¬ 
tion, to be expressed by the area enclosed by the curve. (The areas were 
expressed in the same units.) 

5. The expression of growth in air, less C0 2 on the basis of 100 for all 
temperatures. Thus a comparison can be made with the growth of the same 
culture grown under any other gas supply at the same temperature, and in 
the same medium. 

Example: Culture 32 D grown at 70° F. showed from the growth curve 
by interpolation a diameter of 55 mm. in air less C0 2 . Culture 32 D grown 
at 70° F. showed from the growth curve by interpolation a diameter of 48 
mm. in air less C0 2 20 per cent, added N 2 80 per cent. 
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Thus, as 55: 48 = 100: x 


x 


48 x 100 
55 


87.3 


Note: The method permits of seeing at once the percentage of variation on a common 
basis for all cultures and for any temperature of growth. Comparisons with many other 
organisms, which are adapted to the technique, can later be made. 

Also, insignificant variations (i>., not exceeding 10 per cent from the control) are 
immediately apparent. 


PRELIMINARY EXPERIMENT 

An experiment was conducted according to the method already described 
to develop 3 control curves, namely: 

1. Air less C0 2 (Approximately 21 per cent 0 2 ). 

2. Air with no C0 2 removed (Approximately 21 per cent 0 2 ). 

3. Air less C0 2 evacuated to 90 per cent vacuum to determine whether 
a high vacuum would effect the mold growth (Approximately 21 per cent 
0 2 ). 

The curves are given in figures 1, 2, and 3 for the cultures 32 D, 33 D, 
and 37 D respectively; also in table 1. The curves for each culture show 
that there is not a significant difference of over 10 per cent except for curve 
3 which is slightly irregular at high temperatures. The curves 1 (air less 



Growth 

App. 

Area of 


Curve 

•h o* 

Curve 

t 

Air less 00 ^ a- a 

21 

7.86 

2. 

Air with no o-o 

21 

6.03 


CO A removed 



5 . 

Air less CO z #-.x 

21 

7.45 


evacuated to 




90 J> vacuum 





Fig. 1. Control curves to determine the significance of different techniques. Culture 
32 D, 
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Growth App. Area of 

Curve Curve 

L Air less C0 Z . a-a u 7 .zi 

l. Air with no o-o it 7 -to 

CO x removed 

5. Air less CO* x*. X if 6.70 

evacuated fo 



Temperature of Incubation °F. 

Fig. 2. Control curves to determine the significance of different techniques. Culture 
33 D. 

G rowfh App Area of 

Curve °J 0 Qi Curve 

L Air less C0 ? .o - a U 5.6£ 

l. Air with no o— --- 0 tt 5.75 

COj removed 

5. Air Jess CO* x*.X z\ 6.40 


evacuated to 
90 ^ vacuum 



Jeroperature of Incubation °F. 


Fig. 3. Control curves to determine the significance of different techniques. Culture 
37 D. 
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Growth Air Added App Area of 

Curve °Jo N 2 7o 0 2 ^ Curve 



Fig. 4. The effect on the growth of P. roqucforti by the reduction of oxygen obtained 
by adding nitrogen, culture 32 I). 


C0 2 ) anti 2 (air with no C0 2 removed) for all 3 cultures nearly superimpose 
and would justify using either as control. In all subsequent experiments 
curve 1 (air less C0 2 ) was used as the control for comparison, with the other 
curves having a reduced 0 2 supply in the absence of 00 2 . 

Growth Air Added App, Area of 

Curve °7° N 2 7° ojj° Curve 

1. Air hss C0 2 a-□ ioo Nil zi. 7.21 

2, x-x 30 70 6.3 6.2 2 

3 - o-O 20 AO 4.2 A4A 

4. A.A to 90 2.1 47* 



Temperature of Incubation 

Fig. 5. The effect on the growth of P. roqneforti by the reduction of oxygen obtained 
by adding nitrogen. Culture 33 I). 









N, S. GOLDING 


Growth 

Curve 

1. Air iesi C0 2 a- 


2 

3. 

4. 


Air Added App. Area of 

^ O a > Curve 

»o Nil ai. 5 G 2 


“fcmpera+urc of Incubation °F. 

Fig. 6. The effect on the growth of P. roqvcforti by the reduction of oxygen obtained 
by adding nitrogen, culture 37 D. 

EXPERIMENTAL 

The oxygen requirements in the presence of A T 2 as diluent and the absence of CO» 
Figures 4, 5, and 6, growth curves for cultures 32 D, 33 D, and 37 I), 
respectively, show the seven-day growth curves when the air less C0 2 has 

Temperature of Growth. 


J 5 °F. d- 

60 * F. o- 


Approximate Percentage of Oxygen. 
21 . i 6.9 > 6.8 14.7 11.6 10.5 6.4 M 4.2 2.1 


ftoT A- 


e io ao 30 40 50 6o 70 go 90 100 
Percenter of Added Nitrogen in Air. 

Fig. 7. The effect on the growth of P. roqueforU by the reduction of oxygen obtained 
by adding nitrogen. Culture 33 D. 
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TABLE 1 


Acceleration or reduction in growth of cultures of P. rogueforti resulting from a change 
of gas supply. Expressed on the basis of growth in air less C0 2 at the 
same temperature as JOO. Seven days' growth 


Curve 

Gas supply by volume 

Cul¬ 

ture 

Temperature 

Air % 
CO, 

Added 
% N, 

Approxi¬ 

mate 

%o B 

55° F. 

60° F. 

70° F. 

80° F. 

Area 



.... 


32 I) 

100 

100 

100 

100 

100 

1 

100 

Nil 

21 

33 1 ) 

100 

100 

100 

100 

100 


less C() a 



37 I) 

100 

100 

100 

100 

100 





32 I) 

106 

97 

105 

102 

102 

2 

100 

Nil 

21 

33 1) 

102 

103 

100 

100 

100 

1 




37 D 

91 

100 

102 

102 

| 98 




i 

32 1) 

96 

92 

100 

90 

94 

3 

*100 

Nil 

i 21 

33 D 

96 

103 

100 

80 

94 

i 

less CO a 


i 

37 JD 

103 

108 

112 

j H7 

110 


* Evacuated to the Kamo pressure as for 90% N 2 . 

TABLE 2 

Acceleration or reduction in grov'th of cultures of P. rogue forti resulting from a change 
of gas supply. Expressed on the basis of growth in air less C0 2 at the 
same temperature as JOO. Seven days' growth 


Gas supply by volume j j Temperature 


Curve 

Air % 
(Less 

CO,) 

Added 
% X, 

Approxi¬ 

mate 

% o a 

Cul¬ 

ture 

55 c F. 

60° F. 

70° F. 

80° F. 

Area 





32 D 

100 

300 

300 

100 

100 

1 

100 

Nil 

21 

33 T) 

100 

100 

100 

100 

100 





37 P 

100 

100 

100 

100 

100 





32 P 

108 

100 

100 

100 

102 


90 

10 

18.9 

33 T) 

104 

110 

102 

98 

98 





37 D 

97 

104 

107 

105 

103 





32 I) 

110 

103 

104 

100 

103 


80 

20 

16.8 

33 T> 

89 

97 

98 

92 

92 





37 I> 

94 

300 

100 

93 

97 





1 1 

32 T) 

108 

103 

98 

92 

99 


50 

50 

10.5 

33 L> 

109 

110 

104 

102 

105 





37 D 

i 100 

1 

100 

98 

98 

100 





32 D 

! u 

85 

89 

88 

86 

2 

30 

70 

6.3 

33 1) 

1 84 ; 

90 

90 

1 90 

86 


1 

; 


37 1) 

89 

92 

93 

90 

88 



■ 


321) 

108 

102 

87 

87 

94 

3 

20 

80 

4.2 

33 D 

96 

103 

96 

80 

90 





371) 

94 

96 

90 

102 

96 





32 D 

64 

64 

64 

56 

59 

4 

10 

90 

2.1 

33 D 

76 

84 

76 j 

46 

66 




■ 

37 D 

72 

76 

73 | 

64 

70 













888 


N. S. GOLDING 


been diluted with 70, 80, and 90 per cent N 2 respectively, as compared with 
the control air less C0 2 . The additional seven-day growth curves of the 3 
cultures when the air less C0 2 has been diluted with 50, 20, and 10 per cent 
N 2 respectively are not given as they superimpose with the control. How¬ 
ever, these results obtained from the curves by interpolation are shown in 
figure 7 for culture 33 D. 

Figure 7, for culture 33 D, was plotted by interpolating the points from 
the seven-day growth curves for temperatures of 55, 60, 70, and 80° F. and 
show by another expression the effect of reduced oxygen supply by adding 
N 2 in the absence of C0 2 on growth. 

Table 2 shows the acceleration or reduction in growth of the cultures on 
a percentage basis, resulting from a reduction in 0 2 by the addition of N 2 to 
the gas supply. 

Together, the growth curves, figures 4, 5, and 6, with growth plotted 
against concentration of gas, figure 7 and table 2 in which growth is 
expressed on a percentage basis show: 

1. A very low 0 2 concentration, in the order of less than 4.2 per cent, 
is required before growth can be significantly reduced.* 

2. There is a definite trend for the reduction in growth—caused by low 
0 2 , shown in curves 5 and 6—to be proportionately greater above the opti¬ 
mum temperature of growth than that below the optimum. 

3. Where temperatures below 55° F. are used, the period of 7-day growth 
is not sufficient to obtain large enough colonies for a good comparison. 

4. The 3 strains of mold used show little difference in their response to 
the inhibiting effect of very low concentrations of 0 2 . However, it is fairly 
definite that culture 33 D is most affected above the optimum temperature of 
growth, while it is probably least affected below optimum temperatures. 

DISCUSSION 

The data in this paper agree with the data presented in the previous 
paper (4) insofar as the work is comparable. The length of the growth 
period in the previous study (4) was longer at the low temperatures of 
growth and the methods of adding the gas and handling the controls were 
sufficiently different to account for the small variations recorded. The data 
in this paper which indicate that no appreciable effect in growth is shown 
until very low concentrations of 0 2 are reached are in agreement with the 
findings of Brown (1) using P. glaucum and Fusarium sp. 

The reduction in growth of P. roqueforti , which is recorded by Thom and 
Currie (5), cannot in the least be attributed to low concentrations of O a 
which they obtained by adding C0 2 . 

* It was observed that the appearance of the colonies was not in the least changed, 
except in size, between the range of 21 and 2.1 per cent of O* when N* was used as the 
diluent of the air. 
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It would seem that the reduction of growth brought about by lowering 
the 0 2 supply in the presence of N 2 first occurred at the high temperatures 
of growth. The cause of this has not been determined. However, should 
this be a function of the absorption coefficient of the gas (0 2 ), the problem 
of whether it is associated with the medium or the moisture content in the 
mold itself will have to be determined. 'Whatever the cause, there is no 
question that this part of the investigation still presents a valuable and 
interesting physiological studjL 


CONCLUSION 

1. Three strains of blue mold (P. roqucforti) from cheese have been 
grown at 7 different temperatures in atmospheres of from 21 per cent to 
2.1 per cent 0 2 , obtained by adding N 2 to the air. The results are expressed 
graphically. 

2. It was only with the greatest () 2 dilution (2.1 per cent 0 2 ) that a 
significant reduction of growth was recorded. This ranged between 16 per 
cent and 54 per cent. 

3. It would appear that there is a tendency for this same shortage of 0 2 
to reduce growth more at the higher temperatures. 
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THE GAS REQUIREMENTS OP MOLDS. III. THE EFFECT OF 
VARIOUS CONCENTRATIONS OF CARBON DIOXIDE ON 
THE GROWTH OF PENJCILL1UM ROQUEFORTI 
(THREE STRAINS ORIGINALLY ISOLATED 
FROM BLUE-VEINED CHEESE) IN AIR* 

N. S. GOLDING 

Division of Dairy Husbandry, Agricultural Experiment Station, 

State College of Washington, Pullman , Washington 

INTRODUCTION 

This study is a continuation of previous studies (6, 7) to determine the 
significance on the growth of strains of P. roqueforti of various concentra¬ 
tions of CO, in the air at different temperatures. It was considered that 
the previous study (6) did not fully cover the range of possible dilutions of 
air with C0 2 , or the range of the temperatures of growth of the strains of 
P. roqueforti used. 

Therefore, the object of this study was to determine to what extent the 
addition of CO, to air affects the growth of strains of P. roqueforti at vari¬ 
ous temperatures of growth. 

The complementary paper to this study “The oxygen requirements of 
Pcnicillinm roqueforti in the presence of nitrogen as diluent, and the absence 
of carbon dioxide” (7) reported experiments conducted with practically 
identical methods. Thus, the results are directly comparable with one 
another and permit a close estimate of the relative significance of various 
concentrations of oxygen, nitrogen and carbon dioxide on the growth of 
P. roqueforti at different temperatures. 

LITERATURE 

Since the publication of the previous paper (6), no work has been pub¬ 
lished on the gas requirements of P. roqueforti . However, a great deal of 
work has been done on the effect of gas storage—mainly increased concen¬ 
trations of C0 2 —on fruit (I, 3, 4, 5), eggs (8, 9), and meat (9, 10). These 
workers were chiefly concerned with the practical use of C0 2 in gas cold 
storage, and while several reported reduction in mold growth by gas cold 
storage as compared with the control, little has been recorded of the species 
of mold which is inhibited by the various concentrations of C0 2 used. With 
the exception of Eaves (3), who worked with P. expansum, no attempt has 
been made to work with material which was inoculated with a known culture 
of mold. It would seem that if the inhibition of mold growth by C0 2 cold 

Beceived for publication February 12, 1940. 

* Published as Scientific Paper No. 455, College of Agriculture and Experiment Sta¬ 
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storage is to be regularly accomplished, a more systematic approach to the 
problem must be undertaken. It is hoped that the procedures used in this 
and previous papers (6, 7) may be of some assistance in this respect. 

Acceleration in growth caused by low concentrations of C0 2 on the 
growth of plant tissue has been observed (3, 12). Therefore, it has been 
considered desirable to include in this investigation the effect on the growth 
of P. roqucforti at various temperatures of low concentrations of C0 2 in air. 


MATERIALS AND METHODS 


The materials and methods are identical with those of the previous paper 
(6) except for the following: 

Gas. Carbon dioxide was used direct from a commercial cylinder of the 
gas. 

Gas chamber. The same Pvrex vacuum desiccators were used for these 
experiments as in the previous work (7). They were operated in the same 
manner with the exception that no NaOH solutions could be used to remove 
COa- Therefore, the first and second gas bottles (specially-fitted quart milk 
bottles) were filled with very dilute mercuric chloride and a saturated 
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Pig. 1. The effect on the growth of P. roqueforli by the reduction of oxygen obtained 
by adding carbon dioxide, culture 32 D. 
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(NH 4 ) 2 80 4 and its crystalline salt respectively in place of the NaOH solu¬ 
tion and the dilute solution of H 2 B0 4 previously used. Thus, 4 gas bottles 
were connected in lino so that air entering the desiccator would be main¬ 
tained at constant humidity and temperature. 

Adding and changing gases. The method of changing and adding gases 
to the desiccators was identical with that of the previous study (7) except 
for the substitution of C0 2 for N 2 . 

EXPERIMENTAL 

Five growth curves have been selected and are given in figures 1, 2, and 
3 for the 3 cultures used. These curves have been chosen from the 12 curves 
used in preparing figure 4, and table 1 as they show: 

1. The control curve is identical with curve 2 in the previous paper (7) 
and practically superimposes curve 1 (7) in that paper and was used as the 
control air less CO s . 

2. The maximum increase in growth for each culture, obtained by rela¬ 
tively small additions of CO s , has been selected for each culture on the basis 
of maximum area, table 1. 

GAS MIXTURE 

Air Added App. App. Area of 

°1° COfI° N 2 7° 0 L <fo Curve 

O-O IOO Nil 79 21 . 7.10 

a -d fio 20 63.2 (6.8 8 51 

O-O c»o 40 47-4 i2-6 370 

5 -X 50 70 2J7 6.J 3.45 c 



40 60 70 go 90 

Ttwparafure of Incubofion °E 

Fig. 2, The effect on the growth of P. roqueforii by the reduction of oxygen obtained 
by adding carbon dioxide, culture 38 I). 
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Fio. 3. The effect 011 the growth of P. roqneforti by the reduction of oxygen obtained 
by adding carbon dioxide, culture 37 D. 


3. The remaining 3 curves show 'the gradual reduction in growth for all 
3 cultures by increasing the C0 2 content of the air. 

Figures 1, 2, and 3, the actual growth curves; figure 4, obtained by inter¬ 
polation from the 12 growth curves; and table 1, the interpolated results 
expressed on a percentage basis, each show in their particular way: 

1. Dilute concentrations of C0 2 in air increase the mold growth. 

2. High concentrations of C0 2 in air inhibit or even prevent mold 
growth. 

3. The increase or decrease in growth caused by C0 2 is a function of 
temperature. Thus table 1 shows maximum increases in growth at 50° F. 
for all cultures occurring at 3 or 7 per cent C0 2? at 60 and 70° F., maximum 
growth occurs at 10 per cent or 17 per cent C0 2 , and at 80° F. maximum 
growth occurs at 20 per cent or 30 per cent C0 2 . Figures 1, 2, 3, and 4, 
show clearly how the inhibition of growth of the molds by C0 2 first occurs 
at the low temperatures and later at the higher temperatures as the concen¬ 
trations of C0 2 are increased. Thus it is seen that at or above 50 per cent 
C0 2 little or no growth can be expected at 50° F., while growth at 60° F. is 
of the order of 50 per cent. 
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Temperature gf (jrv/wth 

55°F. x-X 70°F. o-o 

6<Pf. o 60°F. A-A 

2 Approximate Percentage of Oxygen 
S 21. 16.9 l6$ 147 U.6 IO.J a.4 6.5 42 2 » .0 



Fig. 4. The effect on the growth of P. roqucforti of carbon dioxide in air, culture 
33 D. 


4. Using the area of the 3 cultures as given in table 1, as an index of 
their growth response to C0 2 , it is shown that culture 33 D requires a greater 
concentration of C0 L » for maximum acceleration of growth. Also, the same 
culture at high concentrations of CO*, is less inhibited in growth by C0 2 than 
the other 2. 

DISCUSSION 

This work is in complete agreement with the first paper (6) as far as 
inhibiting effect of high percentages of C0 2 on the mold growth were ob¬ 
served. That CO a is much more effective in inhibiting mold growth at low 
temperatures is again shown with more extensive data, which is in agree¬ 
ment with the findings of Brown (2) who used ordinary fruit-rot organisms 
such as Botrytis , Fusarium, and Alternaria. 

The acceleration of mold growth by small percentages of C0 2 is definitely 
shown. This acceleration of growth is a function of temperature and occurs 
at the lower temperature of growth before it does at the higher temperatures 
of growth. Thus 30 per cent C0 2 in air. shows definite acceleration in 
growth at 80° P. while the same concentration shows quite definite inhibition 
at 50° P. Therefore, it is obvious that the optimum and minimum tempera¬ 
tures of growth will be changed by the percentage of 00 2 in the gas supply. 

Though these general principles apply to all 3 strains of P. roqucforti , it 
is definite that the strains are not equally affected. Culture 33 D is less 
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TABLE 1 


Acceleration or reduction in growth of cultures of 1 \ roqueforti resulting from a change 
of gas supply. Expressed on the basis of growth in air at the same 
. temperature as 100. Seven days growth 


Gas supply by volume 

Culture 

Temperature 

Area 

Air % 

Added 
C0 2 % 

Approximate 

50° F. 

60° F. 

70° F. 

80° F. 

N fi % 

o 2 % 





32 1) 

100 

100 

100 

100 

100 

100 

Nil 

79.0 

21.0 

33 I) 

100 

100 

100 

100 

100 





37 r> 

100 

100 

100 

100 

100 





32 D 

100* 

111 

114 

104 

113 

97 

3 

7 6.6 

20.4 

33 l) 
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i 113 
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108 

no 





37 1> 

143 

100 

119 

112 

no 





32 T) 

79 

105 

no 

109 

106 

93 

7 

73.5 

19.5 

33 1) 

86 

109 

116 

.112 

109 





37 1) 

157 

100 

112 

102 

no 





32 1) 

100 

116 

117 

115 

in 

90 

10 

71.1 

18.9 

33 1) 

86 

116 
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112 

116 
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.129 
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i,i 
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97 
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87 
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68.7 

18.3 

33 11 

86 

2 oo 

1,2 
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86 

96 

m 

93 
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21 
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98 

83 

17 

65.6 

17.4 
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71 
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.106 | 

H»3 

80 

20 

63.2 

16.8 
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86 
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124 1 

no 

ns 
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! .108 

117 j 
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32 'D 

64 

95 
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70 

30 

55.3 

14.7 

33 I) 

71 
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H4 
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37 D 

14 

84 
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96 
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0 

37 

83 

81 

65 

60 

40 
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12.6 
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66 
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90 
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52 

95 

77 
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56 

86 

84 
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67 

58 
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321) 

0 

11 

45 
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0 
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23 
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* Italicized numbers indicate greatest acceleration of growth. 


quickly accelerated by low concentrations of C0 2 . The latter is in agree¬ 
ment with the previous work (6). 
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DISCUSSION IN RELATION TO THE OXYGE& REQUIREMENTS 

Table 1 in the previous paper (7) shows no significant reduction of 
growth for 4.2 per cent 0 2 where N* is the only diluent. The present paper 
shows a reduction in growth of over 75 per cent for the same concentration 
of 0 2 where C0 2 is present to the extent of 70 per cent. Thus it is justified 
to conclude that except in very low coneent.rat ions of 0 2 , C0 2 was the inhibit¬ 
ing factor and not the lack of 0 2 . The reduction in growth of P. roqueforli, 
which is recorded by Thom and Currie (5), must be entirely attributed to 
the high concentration of CO- which was used to dilute the air rather than 
the low concentration of 0>. The effect of temperature shown in the previ¬ 
ous paper (7) where 0- and N 2 are the only gases present, indicates that the 
reduction in growth of the molds, which can only be attributed to low con¬ 
centrations of 0 2 , occurs first at the high temperatures of growth where 0 2 
would be less soluble in the medium. These data show that the effect, of C0 2 
on growth is most noticeable at the low temperature of growth when* the C() 3 
is more soluble in the medium. Neither paper presents sufficient data to 
justify ail attempt at correlation with the absorption coefficient of 0 2 or CO- 
respectively. However, the'possibilities of there being such a correlation 
would seem to be probable. 

CONCLUSIONS 

1. Relatively small concentrations of CO- in air increase the growth of 
strains of P. roqueforli while large concentrations inhibit tlie growth. 

2. With the same organism the acceleration of growth due to low con¬ 
centrations of C0 2 takes place sooner at the lower temperature of growth 
than at the higher temperature. 

3. With the same organism the inhibition of growth, due to large con¬ 
centrations of 00 a in air, is apparent at the low temperatures sooner than 
at the higher. 

4. The different strains of P. roqueforli used show the same trend but 
have different tolerance to C0 2 . 

5. Culture 33 I) was the least affected by the action of C0 2 . 
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OBSERVATIONS ON THE GROWTH RESPONSES OF STREPTO¬ 
COCCUS LACTIS IN MASTITIS MILK 1 

0. C. l’ROUTY 

Washington Agricultural Experiment Station, Division of Dairy Husbandry 

Several investigators have ascribed certain failures in the manufacturing 
of cheddar cheese to the presence of mastitis milk. Leitch (1) is of the 
opinion that mastitis infection should be suspected when recurring diffi¬ 
culties are experienced because of slow acid development, curd weakness 
and faulty texture. • He noted also that the inclusion of even small amounts 
of mastitis milk in the cheese vat resulted in almost complete suspension of 
the desired lactic acid development. Whitehead and Cox (2) found that 
milk containing leucocytes in excess of 5,000,000 per ml. gave rise to a rennet 
curd in which streptococci were not able to develop normal amounts of acid. 
Davis and Mattick (3) concluded that visibly abnormal milk should be ex¬ 
cluded in the manufacturing of cheese and that milk reacting positively to 
the strip cup or to the bromcresol-purple test should be regarded as being 
abnormal until proof is obtained that, it may be used with safety. Davis 
(4, 5) states that slow starter is still the most common fault in cheese mak¬ 
ing and one of the most serious consequences of mastitis. He is of the 
opinion that this condition, together with other factors induced by mastitis, 
causes more trouble than is realized in the making of cheese. According to 
Davis (6) the most common cause of slow starters in England appears to 
be abnormal milk from mastitis afflicted cows. He cites four changes in the 
milk that may influence the rate of growth of starter organisms, namely: 
(a) changes in the chemical composition of the milk, particularly a decrease 
in the lactose, casein, calcium and acidity; (b) changes in some enzymes and 
decreases in some vitamins and bacterial growth factors; (e) increased num¬ 
ber of bacteria in the udder; and (d) apparent production, in rare instances, 
of substances strongly toxic to starter organisms. 

Davis and MeClemont (7) studied the acid coagulating time in both nor¬ 
mal and mastitis milk. With the majority of the mastitis milk samples slow 
growth of S. lactis and 8. crvmaris occurred, whereas most of the normal 
samples, but not all, supported normal growth of these organisms. They 
consider that the reason for the slow growth of these organisms, probably, 
is due to the abnormal chemical composition of such milk. 

In the present study frequent observations, over an extended period of 
time, were made on the growth responses of Streptococcus lactis in milk 
drawn from the individual infected and non-infected udder-quarters of the 
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same cows. The infection of some of these udder-quarters was of such a 
nature that the milk was definitely abnormal at some observation periods 
and apparently normal at other times. 

The experimental data presented include only a portion of that collected, 
being confined to a study of the milk from three cows, but they are repre¬ 
sentative of the findings with milk from other animals. 

PROCEDURE 

Samples were collected from the individual udder quarters in such a 
manner as to exclude gross contamination, and each consisted of approxi¬ 
mately 200 fnl. of milk drawn after the first few streams had been discarded, 
except in the case of several of the very abnormal milks where it was not 
possible to obtain this amount at a sampling period. Portions of the milk 
were inoculated with a culture of S. lactis , incubated at 18° to 20° C. and 
observations made on subsequent growth. The rate of growth was mea¬ 
sured by the changes in pH value using the quinhydrone electrode supple¬ 
mented by microscopic examinations of stained preparations. 

EXPERIMENTAL RESULTS 

Of the three cows used in this study, cow 114 gave milk from one udder- 
quarter that was abnormal at all times, whereas the milk from the diseased 
udder-quarters of cows 126 and 118, as judged by its pH values and physical 
state, fluctuated between an apparently normal state and a definitely abnor¬ 
mal condition throughout the period of observation. 

A summary of the results, as measured by changes in pH values, of 
numerous series of milk from each animal is shown in table 1. 


TABLE 1 

Mancie in pH valves of milk from diseased and normal quarters before and 
after inoculation with S. lactis 


Cow 

Quarter 

Condition 
of quarter 

No. of 
samples 

Range in pH 

Range in pH after 
24 brs. inculiation 

Mini- 

mum 

Maxi¬ 

mum 

Mini¬ 

mum 

Maxi¬ 

mum 

114 

LF 

Diseased 

14 

7.10 

7.67 

6.44 

7.30 


RF-RH and LH 

Normal 


6.54 

6.78 

4.41 

5.23 

126 

RF 

Diseased 

20 

6.54 

7.30 

4.54 

7,05 


LF 

Diseased 


6.55 

7.47 

4.53 

7.35 


RH and LH 

Normal 


6.49 

6.78 

4.52 

5.14 

118 

RF 

Diseased 

22 

6.68 

7.30 

4.68 

7.10 


RH 

Diseased 

1 

6.66 

7.05 

4.70 

7.04 


LH and LF 

Normal 


6.49 

6.82 

4.30 

5.10 


Cow 114. The left front udder-quarter was infected with a strepto¬ 
coccus having beta hemolytic characteristics. No attempt was made to 
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further identify the organism. Milk from this quarter was alkaline in reac¬ 
tion at all times, and ranged in pH values from 7.10 to 7.67. Milk from the 
remaining quarters ranged in pH value from 6.54 to 6.78. The milk from 
the left,front quarter, when inoculated with 8. lac Us and incubated for 24 
hours showed pH values ranging from 6.44 to 7.30 as compared to pH values 
ranging from 4.41 to 5.23 for milk samples from the normal quarters held 
under similar conditions of incubation. 

Microscopic examinations showed definitely that the milk from the left* 
front quarter of this cow retarded the growth of 8. lactis, thus confirming 
the findings as indicated by the study of the pH values. 

Cow 126. Mastitis of a staphylococcic nature was present in the right 
front and left front quarters of this cow. Milk from the right front quarter 
ranged in pH value from 6.54 to 7.30 and milk from the left front quarter 
from 6.55 to 7.47. Milk from the two apparently normal quarters ranged 
from 6.49 to 6.78 in pH value. When inoculated with S. lactis and incu¬ 
bated for 24 hours the pH values of the samples from the right front quarter 
ranged from 4.54 to 7.05, for the left front quarter from 4.53 to 7.35 and 
from the two remaining and apparently normal quarters from 4.52 to 5.14. 

The milk samples in which normal acid development did not occur had 
initial pH values of 6.9 and higher. Two samples, however, with pH values 
of 6.92 permitted 8. lactis to develop in a normal manner as judged by 
decreased pH values. 

Cow 118 . The right front and right hind quarters of this cow showed 
definite evidence of mastitis due either to a staphylococcus or to an organism 
having the morphological characteristics of organisms of the genus Corync - 
bacterium or to both, since these organisms were present in considerable 
numbers in both diseased quarters. The milk from these quarters ranged 
in initial pH values from 6.68 to 7.30 and from 6.66 to 7.05 respectively. The 
pH values recorded for the milk from the two remaining quarters varied 
from 6.49 to 6.82. After inoculation with S . lactis and incubating for 24 
hours, milk from the right front quarter ranged in pH value from 4.68 to 
7.10, from the right hind quarter from 5.70 to 7.04 and from the two appar¬ 
ently normal quarters from 4.30 to 5.10. Greater variation occurred with 
the milk from this cow in the initial pH value of the samples showing re¬ 
tarded acid development than occurred in the milk from cow 126. One 
sample with an initial pH value as low as 6.68 showed marked delayed acid 
development, whereas other samples with initial pH values up to 6.95 showed 
little or no delayed acid development. 

Effect of adjusting the pH value of mastitis milk to that of normal milk on 
the subsequent growth responses of 8 . lactis 

Since the most favorable reaction for the growth of 8. lactis corresponds 
to that of normal milk, the relatively high pH values of mastitis milk tend 
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to create an unfavorable environmental condition for the best development 
of this organism. Also, a considerable amount of physiological activity is 
necessary on the part of the culture, in producing an amount of lactic acid 
sufficient to reduce the pH value of mastitis milk to that of normal milk. 
Numerous experiments, therefore, were carried out in which the pH value 
of the mastitis milk was adjusted to that of the normal milk from the healthy 
udder-quarters by the addition of lactic acid. Both the normal milk 
samples and the adjusted mastitis milk samples were inoculated with.$. 
lactis and observations made in the usual manner. 

On incubation the pH values of the adjusted mastitis milk, in almost 
every instance, failed to decrease as rapidly as did the pH values of the nor¬ 
mal milk. Usually there was little or no appreciable change in the pH 
values of the adjusted mastitis milk during the first fifteen to twenty hours, 
after which time fairly rapid acid development took place with the final pH 
values dropping to approximately the same levels as those of the normal 
milk samples. 

Effect of mixing normal and mastitis milk on the subsequent growth 

of 8. lactis 

Numerous experiments were carried out in which varying proportions of 
normal and mastitis milk were mixed, inoculated with the test culture and 
frequent observations made during the incubating period. 

The extent of the retarding effect depended on the degree of abnormality. 
Many of the samples of definitely abnormal milk in which the pH values 
were 7.2 and higher exerted a retarding effect upon the growth of S . lactis 
when mixed with normal milk in'as little as 10 per cent concentrations. 
Other samples in which the growth of S. lactis was only slightly retarded, 
lost this characteristic when diluted with as little as 10 per cent of normal 
milk. 

Effect of pasteurizing mastitis milk on the subsequent growth responses 

of 8. lactis 

Since it has been shown by Hammer and Baker (8) that the growth of 
starter organisms is more rapid in milk that has been subjected to high pas¬ 
teurizing temperatures, numerous experiments were carried out in which 
portions of mastitis milk were subjected to temperatures of 62.5, 65.5 and 
68.5° C. for periods of 30 minutes. Pasteurizing at 62.5° C. had little or 
no effect on the subsequent growth of 8. lactis. Pasteurizing some samples 
at 65.5-68.5° C. for 30 minutes tended to partially overcome the retarding 
influence on the growth of 8. lactis. With most of the milk samples, how¬ 
ever, heat treatment at these temperatures had little or no appreciable effect. 
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DISCUSSION OF RESULTS 

With the milks used in this study the retarding effects on the growth of 
8. lactis cannot be attributed to*the high pH values nor to the presence of a 
therinolabile inhibiting substance such as that associated with excessive 
numbers of leucocytes. Although leucocyte counts were not recorded in 
this study, the samples that were definitely abnormal contained excessive 
numbers of these cells as indicated by the examination of stained prepara¬ 
tions for the presence of 8. lactis. In this respect the results reported herein 
differ from those of Whitehead and Cox (2) in which the inhibiting effect 
of abnormal milk containing large numbers of leucocytes w*as entirely re¬ 
moved by heating the milk for 30 minutes at 63° C. The results of this 
study tend to bear out the contention of Davis and McClemont (7) that the 
slow growth of 8. lactis in mastitis milk probably is associated with the 
changed chemical composition of such milk. 

While the extent of the retarding effect of mastitis milk usually was 
associated with the degree of abnormality such, however, was not always 
the case. Under the prevailing conditions of milk production it is unlikely 
that any considerable quantities of definitely physically abnormal milk 
would find its way into that used for commercial purposes. Certain occa¬ 
sions might arise, however, where milk, that appears normal in its physical 
properties yet possessing definite inhibiting action on the growth of S. lactis , 
may be present in sufficient amounts to interfere with manufacturing pro- 
eessses dependent upon the development of this organism. 

The variations noted in the growth responses of 8. lactis in the milks 
from the three cows used in this study may have been due in part, to the 
respective types of mastitis involved. Unfortunately, no milk for extensive 
study was available from a cow suffering with Streptococcus agalactiae type 
of mastitis, the type most common among dairy cows. However, in connec¬ 
tion with this study, numerous observations were made using milk from 
8. agalactiae infected udder-quarters with the same general results. 

SUMMARY 

The growth responses of 8. lactis , as judged by changes in the pH values 
and microscopic examinations have been studied in separate samples of milk 
drawn from the infected and noil-infected udder-quarters of cows suffering 
with mastitis. 

Milk with an initial pH value greater than 6.9 usually failed to support 
the growth of S. lactis in an active manner, whereas normal milk from the 
other udder-quarters showed normal acid development. The growth re¬ 
sponses of S. lactis varied somewhat in the milk drawn from the three cows 
under study. 
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Adjusting the pH value of mastitis milk to that of normal milk resulted 
in only partially overcoming delayed acid development. Mastitis milk 
treated in this manner changed little in pH value until after fifteen to 
twenty hours, after which time acid development was quite rapid. 

The addition of as little as 10 per cent of very abnormal mastitis milk 
to normal milk had a retarding effect on 8. laetis development 

Pasteurizing some samples of mastitis milk at 65.5° C.-68.5 0 C. for 30 
minutes tended to partially overcome the retarding influence on the growth 
of 8. laetis; however, with most of the samples studied heat treatment at 
these temperatures had little or no appreciable effect. 
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THE RELATIONSHIP OP MOISTURE IN SWISS CHEESE TO 
QUALITY AND YIELD 

GEORGE P. SANDERS, ROBERT R. FARRAR, ROBERT E. IIARDELL,' FRED 
FEUTZ, and LLOYD A. BURKEY 
Division of Dairy Jtesiurih Laboratories, Jii/rcan of Dairy Industry , 

V. ft. Departwent of Ayrinillnm 

The amount of moisture present is known to be important in the ripen¬ 
ing of cheese. Sammis and Germain (11) have shown that, in Cheddar 
cheese, ripening is influenced by tin; ratio of moisture to solids-not-fat, and 
they pointed out that bacterial growth and chemical changes are more rapid 
in high-moisture cheese than in cheese that contains relatively less moisture. 
Van Slyke and Hart (13) showed that, in Cheddar cheese, an increase in 
the percentage of moisture “favors active chemical changes in the process 
of ripening,” and attributed the increased ripening to the effect of moisture 
in diluting the products of fermentation and increasing the activity of bac¬ 
teria and enzymes. 

Excepting papers in Swiss journals describing work of Koestler (7), 
Dorner and Stahli (4), and Orla-Jensen (9), very little has been reported 
on the control of moisture in Eminentaler or Swiss cheese and the effect of 
moisture content on quality. Koestler showed that a finely-harped curd 
tends to retain moisture, and that the presence of cheese dust tends par¬ 
ticularly to cause high moisture content, leading to excessive fermentation, 
oversetting, ami generally defective ripening. Dorner and Stiihli expressed 
the belief that an insufficient rate and amount of drainage is a common 
cause of defects, and that when high moisture content results in excessive 
final acidity, the low pH (high acidity) prevents the formation of normal 
eyes and causes the curd to be firm and “short” so that cracks appear in¬ 
stead of eyes during the ripening. A similar observation has been referred 
to in a previous publication (2) from these laboratories. Orla-Jensen 
found that the use of high cooking temperatures tends to dry the cheese 
curd in the kettle, but at the same time results in an inhibition of the ripen¬ 
ing and a decrease in the rate of eye formation. 

The following data on the percentage of moisture in normal Emmentaler 
cheese are taken from foreign literature. For green cheese: In 18 cheeses 
(averaging approximately 50 per cent fat in dry matter), average percen¬ 
tage of moisture, 37.08 (7); in 1 cheese, 43.99 (15) ; in ] cheese, 40.92 (1) ; 
average of 20 green cheeses, 37.62 per cent moisture. For cured cheese: 
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In 4 cheeses, 34.71 (15); in 5 cheeses, 35.78 (1); in 4 cheeses, 36.05 (8); in 
259 cheeses, 35.19 (12); in 14 cheeses, 35.34 (7); average of 286 cured 
cheeses, 35.21 per cent moisture. Winkler (16), in a discussion of this sub* 
ject, stated that 33 to 35 per cent is A desirable range of moisture content, 
and that 38.2 per cent ought to be the upper limit. Orla-Jensen (9) has 
given values between 35 and 36.5 per cent as being representative for cured 
Emmentaler cheese. 

Comparison of a large amount of data obtained in analyzing domestic 
Swiss cheese with the data cited above indicates that, even though Einmen- 
taler cheese is cured longer than domestic Swiss cheese, much of our Swiss 
cheese is abnormally high in moisture content in comparison with Emmen¬ 
taler cheese of similar age. There is a belief in some quarters, expressed 
particularly by cheese dealers, that the practice of incorporating excessive 
amounts of moisture in this and certain other varieties of cheese is detri¬ 
mental to quality. On the other hand, it is commonly believed that the pres¬ 
ence of a high percentage of moisture is accompanied by a proportionate 
increase in yield, although no data on this subject have been published. 

The purpose of this paper is to present a report of information collected 
in a study of some of the factors causing variations in the amount of mois¬ 
ture in Swiss cheese and the effects of moisture content upon quality and 
yield. 

methods 

In the laboratory experiments, two cheeses were made daily from two 
lots of the same milk, under conditions and by methods as nearly as possible 
like those prevailing in the factories. The milk used in each kettle was 
weighed accurately in a receiving tank. Each cheese was weighed, and the 
percentage of moisture in the interior was determined, both when the cheese 
was one day old and when it was cut and graded. Both cheeses of each 
pair were made and cured in the same manner except for the experimental 
variation which was being studied. Plans were made to manufacture not 
less than 3 pairs of cheese under each experimental variation and, if the 
results were found to be inconsistent or if other important phases of the 
subject required more study, additional pairs were to be made so that aver¬ 
ages for a larger number would be secured. Moisture data for green as well 
as cured laboratory cheese are presented, because it is believed that the 
former data are more representative of the effects of variables in the making 
process. 

Laboratory cheeses were scored by an arbitrary, numerical scorecard 
system, which is intended to correspond as nearly as possible with the grad¬ 
ing systems used by buyers and eheesemakers in the factories, and in which 
the relationship between grade and score is as follows: Fancy, 100 to 89; A 
or No. 1, 88 to 76; B or Special, 75 to 71; C or No. 2, 70 to 61; and D or 
Grinder, 60 or below. The principal points on the scorecard used, together 
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with the numerical value assigned to each, are as follows: eyes, 40; body and 
texture, 30; flavor, 20; and appearance, 10. 

The data reported for factory cheese represent results obtained in the 
Bureau’s portable laboratories, operating at factories in the States of Wis¬ 
consin and Ohio in cooperation with the Universities of these two States, 
and other results obtained in a factory in Pennsylvania. The study covers 
data on 22(5 cheeses made in 8 factories in Wisconsin, 160 cheeses made in 
23 factories in Ohio, and 32 cheeses made in 1 factory in Pennsylvania—a , 
total of 418 cheeses made in 32 factories. In the case of factory cheese the 
milk used in each cheese was not weighed and it was therefor not possible 
to obtain accurate figures for yield; neither was it feasible to obtain samples 
for analyses except at the time the cured cheeses were graded and sold. 

RESULTS 

Statistical averages of data for 218 laboratory Swiss cheeses are presented 
in table 1, showing the relation of percentage of moisture in green cheese to 


TABLE I 

Data showing average score and yield of experimental Swiss cheese of different moist ur 
content (zlS (iOdh. cheeses cured 2-1/4 to .? vxonths) 


Moisture in 

| Number 
of 

Average 

total 

score 

Average 

Bounds cheese ! 
per cwt. milk ! 

Shrinkage 

green cheese 

i cheeses 

score 

| Green j 

Cured j 

in curing 

per cent 




, i 

1 i 

! 

i 

per cent 

Above 39.7 

1 r> i 

03.4 

10.8 

8.08 j 

8.14 | 

9.33 

39.1-39.7 

; 27 

74.8 | 

24.0 

’ 8.80 j 

7.98 | 

9.32 

38.5-39.1 

; 03 

74.0 

23.7 

8.83 j 

8.04 i 

9.13 

37.9-38.5 

j 80 

74.0 i 

22.8 

: 8.82 ! 

8.04 

8.84 

Below 37.9 

; 33 

73.4 | 

4> 2 3 

8.80 | 

8.12 j 

8.00 


total score, eye score, yield of cheese per hundred pounds of milk, and 
shrinkage of cheese in curing. Each cheese weighed between 56 and 61 
pounds when made. Data in which the experiments involved abnormal 
variations are not included in the tabulations in table 1,—/.<?., cheese made 
from unclarified milk (table 3, variation No. 10), cheese made from milk 
which had been ripened with lactic starter (variation No. 6), and cheese 
made without the use of streptococcus starter (variation No. 1) are excluded. 

The data indicate that a percentage of moisture above 39.7 in the green 
cheese is usually detrimental to the quality of the cheese. This detrimental 
effect was most evident in the eye formation. The defect known as “ over¬ 
setting/ ' a condition in which the eyes are too numerous and too small, was 
very pronounced in most of the high-moisture cheeses, and they usually 
tended to rise more rapidly and to a greater extent than low-moisture 
cheeses. Along with poor eye formation there often occurred, in higli- 
moisture cheeses, a defective flavor usually characterized as “unclean.” 
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Relationships between actual and theoretical yields, both for green and 
cured cheese, are shown in figure 1. The theoretical yields shown in line 
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Fig. 1. Data showing average yield of experimental Swiss cheese of different mois¬ 
ture content (218 60-lb. cheeses). 


2 are the yields that would be expected if the average yield of cheese in each 
moisture group was strictly proportional to the percentage of moisture. 
[The theoretical yield values were calculated by multiplying the average 
yield of cheese (green, 8.86 pounds; cured, 8.04 pounds) by the average per¬ 
centage of dry matter (green, 61.45 per cent; cured, 63.81 per cent), and 
dividing the result by the percentage of dry matter in each respective mois¬ 
ture group.] A comparison of theoretical yields with actual yields shows 
that as the percentage of moisture in the cheese increased, the increase in 
yield was not proportional to the increase in percentage of moisture; as the 
percentage of moisture decreased, the actual yield was greater than the 
theoretical yield. 

The data were therefore tabulated to determine the relationships between 
percentage of fat in kettle milk, percentage of moisture in cheese, and yield 
of cheese. The results shown in figure 2 indicate that as the percentage of 
fat in the kettle milk increased, the percentage of moisture in the green 
cheese tended to decrease* This fact has been pointed out previously by 
European workers (3, 9,12,16). It is indicated also in figure 2 that as the 
percentage of fat in the kettle milk increased, the yield of cheese tended to 
increase in spite of the decrease in moisture content. 
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Pig. 2. Data allowing average percentage of moisture* and average yield of experi¬ 
mental Swiss cheese made from milk of different fat content ( 218 60-lb. cheeses). 

Tabulation ot* data for 45 laboratory cheeses made from milks containing 
the same percentage of fat (3.1 per cent) indicated that, when the factor of 
fat variations in milk is eliminated,, there is some increase in yield of cheese 
as moisture content increases, but the increase in yield is not proportional 
to the increase in moisture content. Cheeses in this group containing less 
than 35.0 per cent moisture when cured had an average cured yield of 7.92 
pounds; those containing more than 38.0 per cent moisture had an average 
cured yield of 8.33 pounds. 

While it is possible that, the above results are not strictly typical of yields 
that may be expected to occur in factory cheese, for the reason that losses 
in moisture and in yield are smaller per unit of weight in the larger wheels, 
it is believed that the trends in the two cases are similar and that variations 
in the milk or making process will produce similar effects in the yield of 
green cheese in either case. Effects of manufacturing variations upon yield 
will be referred to below. 



Pig. 3. Relation of moisture content to quality of Swiss cheese (418 factory cheeses 
cured approximately 2| months). 
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Averages of data on moisture and quality for 418 factory cheeses are 
shown in figure 3. These data tend to confirm the laboratory results. The 
proportion of cheese of the A and B grades (good cheese) was relatively 
high in those cheeses which contained less than 37 per cent moisture—a 
figure which corresponds best with figures quoted above for foreign Swiss or 
Emmentaler cheese. Similarly, the proportion of cheese of the grinder 
grade (poor cheese) increased progressively as the average percentage of 
moisture increased from below 37 to above 41 per cent. 

The average percent-age of moisture in the 418 factory cheeses was 39.40. 
Averages of moisture data for the cheeses in each of the four grades were 
as follows: A, 55 cheeses, 38.70 per cent; B, 119 cheeses, 39.30 per cent; C, 
156 cheeses, 39.46 per cent; and I), 88 cheeses, 39.88 per cent. These figures 
show a consistent downward trend in quality as moisture content increased. 

Average moisture figures and grades were also tabulated for each factory. 
These were divided into two groups, as follows: (a) 8 factories in each of 
which the average percentage of moisture in the cheeses sampled was greater 
than 39.4 per cent, and (b) 24 factories in each of which the average per¬ 
centage of moisture in the cheeses sampled was less than 39.4 per cent. Of 
226 cheeses sampled in the first group (moisture above average), 31.0 per 
cent were graded No. 1 or special, corresponding to A or B grade (good 
cheese); 39.4 per cent were graded No. 2, corresponding to C grade; and 
29.6 per cent were graded grinder, corresponding to I) grade. Of 192 
cheeses sampled in the second group (moisture below average), 54.2 per cent 
were graded No. 1 or special (good cheese); 34.9 per cent were graded No. 2; 
and 10.9 per cent were graded grinder. The greater proportion of good 
cheese -was produced in those factories in which cheese of relatively low 
moisture content was manufactured. 

The possibility was considered as to whether the effect of poor quality 
of milk might have predominated in producing poor average quality in 
high-moisture cheese. Tabulations of the data for factory cheese showed, 
however, that the average methylene blue reduction time of the milks used 
in the cheeses in the low-moisture groups shown in figure 3 was actually 
slightly shorter than that of the milks used in cheeses in the high-moisture 
groups. The data indicated that the use of milk having a short methylene 
blue reduction time resulted in a general but slight tendency toward a 
decrease in moisture content in the cheese; this is probably the result of the 
curd-drying effect of overripe milk, resulting from a rapid production of 
acidity in the kettle and on the press when such milk was used. However, 
it has been shown by Rogers, Hardell and Feutz (10), and also by Erekson 
and his cow r orkers (5), that a short reduction time usually results in a rather 
markedly detrimental effect upon the average quality of cheese. They 
found that the proportion of good cheese was considerably greater when the 
reduction time was more than 3 hours than when it was less. 
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The results for factory cheese were tabulated on the basis of a combina¬ 
tion of methylene blue reduction time and moisture content of cheese. 
Resulting data are illustrated in figure 4. It is shown that a methylene 



Fiu. 4. Relation of methylene blue reduction time of milk and percentage of moisture 
in cheese to quality of Wwiss cheese (418 factory cheeses). 


blue reduction time of more than 3 hours together with a relatively low 
percentage of moisture produced the greatest proportion of good cheese, 
while a reduction time of less than 3 hours together with a relatively high 
percentage of moisture in the cheese produced the greatest proportion of 
grinders or cheese of poor quality. 

Our data did not show that the factors that cause an increase, in moisture 
content always result in impairment of qualitv of cheese. They did indi¬ 
cate that the chances of making a relatively large proportion of good cheese 
are impaired when the moisture content is excessively high. Other factors, 
in addition to those considered in this paper, unquestionably play a part in 
influencing quality. 

It will be noted that the range of values for moisture in laboratory green 
cheese shown in table 1 is lower than the range in factory cured cheese in 
figure 3. We have found it difficult, when using normal methods, to incor¬ 
porate as large a percentage of moisture in laboratory cheese as is often 
present in factory cheese. Analyses show that one reason for this difference 
is the fact that smaller cheeses lose moisture somewhat more rapidly than 
larger ones by drainage on the press. A larger proportion of the milk used 
in certain cheese-producing areas has a relatively lower fat and total solids 
content and a softer curd—factors which tend to produce an increase in 
moisture content. Moreover, as has been demonstrated (13) in the case of the 
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Cheddar variety, smaller cheeses lose a greater percentage of moisture than 
larger ones by evaporation during curing. 

Before results of variations in the making process are discussed, it seems 
desirable to present data showing temperature conditions and the amount 
and rate of moisture loss from the curd during this process. Such data, 
taken from work on Emmentaler cheese reported by Koestler (7) and also 
from our results on laboratory Swiss cheese, are shown in table 2. The lab- 

TABLE 2 


Data showing temperature conditions and losses of moisture during Swiss cheese 
manufaciu ring process 


Stage in manufac¬ 
turing process 

Bata by Koestler, 
average of 4 cheeses 

Bata by this laboratory, 
average of 30 cheeses 

Temp. 

Mois¬ 

ture 

Loss of 
moisture 

Time 

elapsed 

Temp. 

Mois¬ 

ture 

Loss of 
moisture 


°C. 

• % 

% 

m in. 

°C. 

rr 

to 

% 

Before curdling . 

31.75 

88.4 

0.0 

0 

32.5 

87.8 

0.0 

Beginning of heating 

80.75 

63.3 

25.1 

77 

32.0 

64.9 

22.9 

End of heating . 

53.0 

54.8 

8.5 

33 

53.0 

53.6 

11.3 

Dipping . 

50.3 

51.8 

3.0 

48 

50.5 

52.0 

3.0 

3 hrs. after dipping 





48.3 

! 42.1 

30.5 

23 hrs. after dipping 

. 

373) 

14.8 


39.0 

39.1 

3.0 


oratory data show percentages of moisture in the uncoagulated kettle milks, 
in samples of curd taken from the kettle with a strainer and allowed to drain 
for 2 minutes before being analyzed, and in plug samples taken from the 
interiors of the cheeses. It is shown that the greatest losses of moisture from 
the curd occur during the time when rennet action is most rapid after curd¬ 
ling, and again when the curd is dipped and placed on the press. The great¬ 
est proportion of whey loss from the cheese after dipping occurs very early 
on the press, at a time when the activity of the streptococci is relatively great 
in comparison with that of the laetobacilli. 

There is presented in table 3 a list of those factors which in our experi¬ 
ments were found to influence the percentage of moisture in experimental 
Swiss cheese and the resulting average yields. Only a few of the apparently 
more important effects of the variations shown will be discussed. 

In variation No, 1, all cheeses made without streptococcus starters were 
grinders, and their yields and moisture contents were comparatively high. 

Results shown in variation No. 3 confirm the work of Koestler (7), who 
found that fine harping caused a considerable increase in moisture content. 
Even though fine particles contained a smaller percentage of moisture (and 
fat) than large ones, cheese moisture content was greater because of more 
retention of moisture on the greatly increased surface area of fine particles, 
and because fine particles tend to cause a stopping-up or clogging of drain¬ 
age capillaries. In our exper iments, the finely-harped cheeses were not in- 
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TABLE 3 

Paid showing effects of variations in the making process upon the average moisture 
content and yield of experimental Swiss cheese* 



Variation in making process 

Number 

of 

Moisture in 
green cheese 

Yield cured 
cheese per 
cwt. milk 



pairs 







Ave. 

Diff. 

Ave. 

| Diff. 





% 

% 


! lb. 

1. 

No streptococcus starter . 

3 

40.10 


8.39 

i 


25 ce. streptococcus startert 


38.40 

-1.70 

8.10 

| -0.23 

o 

Holstein milk standardized to 3.5% fat 

i ^ 

38.80 


7.94 



Jersey milk standardized to 3.5% fat 

! 

37.50 

-1.30 

8.25 

j -f 0.31 

3. 

Harped fine . 


38.97 

i 

7.85 



Harped coarse . 

1 

37.94 

1 -1.03 

i 7.96 

! 4-0.11 

4. 

10% water added to kettle milk 

1 5 

39.49 

j 

7.74 



No water added 


I 38.47 

j -1.02 

7.95 

! 4 0.21 

5. 

Normal milk standardized to 2.9% fat 

| 30 

j 38.08 


7.08 



Normal milk standardized to 3.4% fat 


J 37.09 

1 -0.99 

8.23 

4 _ 0.5;> 

6. 

Milk not ripened. 

5 

j 38.40 





Milk ripened with laetie starter 


| 37.50 

! -0.90 



7 

0.03% sodium citrate added to milk 

! 5 

! 4O.0H 


: 7.78 



No citrate added 


1 39.22 

; -O.80 ; 

7.92 

f 0.14 

8. 

Heated in 20 minutes 

10 

I 38.73 


i 8.14 



Heated in 00 minutes . 

i 

j 37.91 

i -0.82 

8.03 

- 0.11 

9. 

9 ce. streptococcus starter* 

4 

j 39.37 


7.91 



27 ce, streptococcus startert 

1 

j 38.87 

; - 0.50 

7.85 

- 0.00 

10. 

Milk not clarified . 1 

18 

| 38.70 





Milk clarified 


j 38.20 

; -o.5o 



11. 

5 ce. rennet t . 

3 

38.43 


8.14 



10 ce. rennet t . 


38.00 

-0.43 

8.12 : 

- 0.02 

32. 

Sot at 31° C. j 

3 

38.03 


7.70 ! 



Set at 35° C. ... . i 


38.20 

-0.43 i 

7.00 

- 0.04 

13. 

20 oc. lactolmeilluH starter ( t ! 

12.5 ce. streptococcus starter } 

0 

' 38.87 


8.15 



00 ee. lactobacillus starter } t 

40 ce. streptococcus starter \ 


! 38.49 j 

-0.38 | 

8.19 i 

+ 0.04 

34. 

Cooked 50.5' C. ; stirred 16 min. . 

0 

1 38.01 

j 

8.25 1 



Cooked 54° C. ; stirred 00 min.. 


38.24 | 

-0.37 

8.12 j 

- 0.13 

15. 

5%) cold water added before dipping 

4 

38.90 ! 


8.20 j 



No water added . 


38.05 | 

-0.35 : 

8.29 j 

4 0.09 

10. 

Cut 28 min. after setting . 

3 

38.93 


7.90 ; 



Cut 42 min. after setting 


38.59 

-0.34 : 

7.90 ! 

- 0.00 

17. 

Combination of above variationst 







Wet . 

6 

40.50 


8.47 



Dry ... 

37.53 

-2.97 

8.43 

-0.04 


* The following variations resulted in average difference of less than 0.25 per cent 
moisture: 

Foreworking 00 min. compared with 20 min.; yield 8.13 compared with 8.25. 
Cooking to 54.5° 0. compared with 50.5° C.; yield 8.05 compared with 8.07. 

Stirring out 50 min. compared with 15 min.; yield same. 

Heavy pressing compared with light pressing; yield 8.11 compared with 8.08. 
t Per cwt. milk. 

+ Conditions combined included variations Nos. 3, 8, 9, 13, 12, and 14. 
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Flo. 5. Low-moisture and high moisture cheeses made from separate portions of the 
same milk: 112—1, 37.51% moisture (green); score, 74 (cured)—112, 40.55% moisture 
(green); score, 50 (cured). 

ferior in quality. The yield of cheese, however, was reduced 0.11 pound by 
fine harping. The wheys from the 5 finely-harped cheeses contained an 
average of 0.64 per cent fat and 6.80 per cent total solids; corresponding 
figures for the coarsely-harped ones were 0.52 and 6.65 per cent. 

Effects of variations in fat content of milk, referred to earlier in this 
paper, are pointed out in variation No. 5. Milk standardized to an average 
of 2.9 per cent fat yielded green cheese containing an average of 38.68 per 
cent moisture and 44.4 per cent fat in dry matter, and portions of the same 
milk standardized to 3.4 per cent fat .yielded cheese containing an average 
of 37.69 per cent moisture and 49.1 per cent fat in dry matter. The high- 
fat cheeses, which contained the least moisture, were generally superior in 
quality, especially with respect to texture and flavor. The average yield 
of cured cheese of the low-fat group was 7.68 pounds per hundred pounds 
of milk and that of the high-fat group was 8.23 pounds. Corresponding 
yields of cured cheese per pound of fat in milk were 2.66 and 2.34 pounds, 
respectively. Methods of standardization, and effects of percentage of fat 
on quality, will be discussed in a later paper. 

The data shown under variations No. 8,14, and 16 indicate that expulsion 
of moisture is favored by extending the time of certain stages in the making 
process. Our results indicate that this is particularly true when acidity is 
developing rapidly in the kettle contents. Under this condition the drying 
effect of a slow, prolonged heating period is especially marked. Vas (14) 
has shown that long-continued heating not only increases the specific gravity 
and decreases the water-holding capacity and surface adhesiveness of the 
granules, but also stiffens the granular structure and promotes -the whey¬ 
carrying effectiveness of the capillaries through which drainage occurs after 
dipping. 
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Lon# foreworking resulted in a slight decrease in yield, but had little 
effect in decreasing moisture content except when acid was being formed 
rapidly in the kettle. 

In variations Nos. 1, 9, and 13, pH values at dipping and at 3 hours later 
showed relatively rapid development of acidity in the cheeses containing 
the larger amounts of starter; the relatively lower moisture content in these 
cheeses demonstrates the effect of acidity in drying the curd. Numerous 
other experiments have demonstrated conclusively that acid development is 
an important factor in drying the cheese in the kettle and on the press. 
The expulsion of moisture in the presence of acid is readily explained by the 
fact that, as the reaction of the curd changes toward pH 4.6, which is the 
isoelectric point and the point of least solubility of casein, the curd shrinks 
and tends to lose its ability to combine with or hold water. It has been 
shown (2), however, that wdien acidity develops rapidly near the rind and 
slowly in the interior, the high-acid rind forms a barrier that hinders proper 
drainage of the cheese on the press. Such a condition may exist when the 
number or activity of streptococcus starter organisms, which grow r relatively 
early in the interior of the cheese, is low in comparison with that of the 
lactobacilli. Our results indicate that an increase in the amount or activity 
of the streptococcus starter has a somewhat greater effect in promoting 
drainage than an increase in the amount or activity of the lactobaccillus 
starter. 

In variation No. 6, cheese made from milk which had previously been 
ripened slightly with a lactic starter containing only Streptococcus lactis 
organisms showed a relatively rapid development of acidity on the press 
after dipping, even though the activity of these organisms has been shown 
to be stopped by the temperature used in the cooking process (6). These 
ripened-milk cheeses in which acid was produced rapidly contained some 
glass (glaesler defect) and were slightly short and inelastic in texture and 
inferior in quality. 

Dorner and Stiihli (4) found that when water w^as added to the kettle 
contents just previous to dipping (variation No. 4), the resulting dilution 
of the whey caused a decrease in the amount of lactose contained in the 
cheese and hence a decrease in the ultimate amount of acid which was 
formed in the one-day-old cheese. The higher pH value (lower acidity) of 
the one-day-old cheese resulted in an increase in eye formation. These 
observations are confirmed by our results—the addition of water caused 
an average decrease in final acidity (increase in pH value) in the one-day- 
old cheese, and the tendency toward oversetting w T as greatest in those cheeses 
having the highest average pH values wdien one day old. 

Orla-Jensen (9) found that increasing the cooking temperature from 48° 
to 56° C. caused the percentage of moisture in the cured cheese to decrease 
from 36.64 to 35.33 per cent, and he quoted earlier work of Schaffer w T hich 
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showed a similar drying effect resulting from high cooking. Both of these 
workers found that the use of high cooking temperatures caused a decrease 
in the rate of protein decomposition and ripening in the cheese. Orla-Jen¬ 
sen believed that the cooking temperature should be high enough to aid in 
drying the cheese curd sufficiently without the necessity of a long stirring- 
out period, but not sufficiently high to seriously inhibit ripening and the 
formation of eyes. He believed that the use of a relatively high cocking 
temperature together with an addition of eye-forming organisms would in¬ 
crease the possibility of making cheese of relatively high quality. Our lab¬ 
oratory results, in general, confirm the latter observation. 

In our experiments, an increase of 3° C. in cooking temperature caused 
an average decrease of less than 0.25 per cent in moisture in the green 
cheese. Similarly, the decrease was very small when the duration of the 
stirring-out period was increased markedly. A combinat ion of high cooking 
temperature with long stirring-out time (variation No. 14), not ordinarily 
used in factory practice, resulted in a decrease of 0.37 per cent moisture, 
and resulted in a slight improvement in the average quality of the experi¬ 
mental cheeses. 

High cooking temperatures regularly caused the curd to be relatively 
dry at the end of the cooking and of the stirring-out period. However, high 
cooking temperatures retarded acid formation on the press rather markedly, 
and the high-cooked cheeses lost moisture comparatively slowly after dip¬ 
ping, presumably because of slow pH change. When the kettle contents 
were stirred out for relatively long periods, it was found that cooling was 
more rapid in the kettle than on the press. Long stirring-out periods re¬ 
sulted in low dipping temperatures which served to accelerate, to a slight 
extent, both acid formation and drainage on the press. 

Analytical results showed that the effects of the variations listed in table 
3 were not strictly cumulative. In securing the data shown in variation No. 
17, six pairs of cheese were made in which the following factors were com¬ 
bined to produce high moisture content in one cheese of each pair: less 
rennet, less streptococcus starter, lower setting temperature, finer harping, 
lower cooking temperature, and a shortening of each stage of the making 
process; in addition, in two cheeses out of the .six, the percentage of fat in 
the kettle milk was reduced to 2.9 as compared with 3.5. By combining 
these factors against an opposite condition in each case, it was found that 
the percentage of moisture could be varied within a range of about 3 per 
cent. This range evidently would differ with conditions involving prin¬ 
cipally the properties of the milk and the size of the cheese. 

In figure 5 is shown a photograph of a pair of laboratory cheeses in which 
the lower cheese contained a relatively high percentage of moisture and 
shows oversetting and irregular eye formation. These cheeses were made in 
experiments described under variation No. 17, table 3. 
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It lias been pointed out above that a relatively low percentage of fat in 
kettle milk resulted in a relatively high percentage of moisture but a low 
yield in cheese, and that fine harping had a similar effect. Other variations 
in which relatively high moisture content was accompanied by a decrease in 
yield were: No. 2, the use of Holstein or low-sol ids milk; No. 4, the addition 
of water to milk; No. 7, the addition of sodium citrate, which produced 
soft-curd milk; No. 1IJ, the use of relatively small amounts of starters; and 
No. 15, the addition of water before dipping. 

Studies of the analytical and yield data obtained in the present work 
indicated that, in addition to the physical effect of the amount of moisture 
present, the following factors tend to influence yield *. 

1. The use of milk standardized to a relatively low fat content results 
in relatively high moisture content in the cheese but decreases the yield 
because of the decrease in amount of fat in the cheese. 

2. Milk low in solids-not-fat content tends to have a low curd tension; 
the use of such milk results ill relatively high moisture content in cheese but 
decreases the yield because of low solids content, and because of an increase 
in the proportion of solids lost in the whey. 

II. Iligh-moi.sture cheese loses a relatively large proportion of its mois¬ 
ture, and of its yield, during curing. 

4. Some of the procedures used to increase moisture content cause losses 
in yield by causing an increased loss of solids in the whey. 

summary 

Correlations of analytical data with grades of 218 experimental and 
418 factory Swiss cheeses indicated that the presence of an excessive amount 
of moisture is generally detrimental to the quality of the cheese. 

Laboratory results on yields of cheese per hundred pounds of milk indi¬ 
cated that some of the manufacturing variations which may be used to bring 
about the inclusion of excess moisture actually result in decreases in yield, 
and that in general the inclusion of a comparatively large amount of mois¬ 
ture does not result in sufficient increase in yield to justify the practice. 

A study is presented showing effects of numerous variables in the milk 
and making process upon the moisture content of the cheese. 
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A STUDY OF THE CHARACTERISTICS OF A MILK SUPPLY 
AS RELATED TO THE MANUFACTURE OF PLAIN 
CONDENSED SKIMMILK FOR ICE 
CREAM MAKING 1 

L. K. CROWE and DARRELL I). DEAXE* 

Dairy Husbandry Department, University of Nebraska , Lincoln , Nebraska 

It is often economically desirable for dairy manufacturing plants to be 
self-sufficient in supplying the milk ingredients of their products. In the 
manufacturing of ice cream a concentrated milk is used as a source of added 
serum solids to improve the body and texture. Since the production of milk 
fluctuates during the seasons it would be desirable, perhaps, to concentrate 
the solids of the surplus milk to be used during the period of reduced 
production. 

It was in an effort to store these milk solids with a minimum of processing 
that led to the freezing and storing of condensed skimmilk by some ice cream 
manufacturers. In many instances this practice of condensing the surplus 
skimmilk, freezing and holding it frozen until used to make the ice cream 
mix, has been carried out successfully; yet in other cases it has proved to be 
unsatisfactory because after the skimmilk had thawed it was found that 
precipitation of the protein had occurred. 

Therefore, if it were possible to determine by some chemical or physical 
test the degree of stability of the protein fraction of the milk supply, the 
suitability of the milk to being stored frozen in the form of condensed 
skimmilk could be determined. 

STATEMENT OF PROBLEM 

The purpose of the investigation was to study the characteristics of a 
milk supply which appears to be associated with the ability of the protein 
fraction to remain stable after the skimmilk obtained by centrifugal separa¬ 
tion had been condensed and then stored frozen. The study was conducted 
by making chemical and physical tests on representative samples of milk 
taken at specific intervals in the manufacture and storage of the plain con¬ 
densed skimmilk. Physical and chemical tests were also used to determine 
the effect of a change in the characteristics of condensed skimmilk during 
storage upon an ice cream mix and the resultant ice cream. 

Received for publication March 25, 1940. 

1 Published with the approval of the Director as Paper No. 260, Journal Series, Ne¬ 
braska Agricultural Experiment Station. 

* The data presented in this paper are from a study made by Jhe junior author under 
the supervision of the senior author in partial fulfillment of the work required for the 
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REVIEW OF LITERATURE 

Reichart and Corley (8) have presented a review of the work done previ¬ 
ous to 1988. In their work they found that after storing plain condensed 
skimmilk at -17.8° C. (0° F.) for three months, the condensed skimmilk 
was coarser than when first made, and at the fourth month a partial gel had 
been formed. From the fifth month on the milk had formed a complete gel 
and in addition, at the eighth and ninth months some wheying off was ob¬ 
served on thawing. However, they found that in spite of the poor appear¬ 
ance of the frozen condensed skimmilk after being melted, the appearance 
of the final ice cream mix was not affected and they had no trouble in proc¬ 
essing it. They recommended, however, that the skimmilk should not be 
stored over six months. 

Openlander and Erb (6) reported that condensed skimmilk if properly 
frozen and stored could be used as a satisfactory source of serum solids. 
They used a storage period of 13 weeks and found that the first noticeable 
defect which might occur in the ice cream made from frozen condensed 
skimmilk was the curdled appearance on melting. 

Winn (13) found that plain condensed skimmilk, as well as sweetened 
condensed skimmilk, could be frozen and stored at -17.8° <J. (0° F.) for 
periods up to 8 months without any detrimental effect upon their physical 
appearance. He found, however, that superheated condensed skimmilk 
showed signs of protein precipitation at the end of one month of storage, 
and the precipitation increased rapidly as the storage period continued up 
to 3 months. 

EXPERIMENTAL METHODS 

The whole milk supply used in this study came from an area adjoining 
Lincoln, Nebraska. After being examined to make sure it had no objec¬ 
tionable off-fiavor, the milk was pasteurized at 145° F. for 30 minutes; then 
cooled to a temperature of 90-100° F. before being separated. Immediately 
after separation the skimmilk was preheated in 150-gallon lots to 150° F. 
It was then drawn into a Roger 26-inch vacuum pan (stainless steel) where 
it was condensed under a vacuum of about 25 inches, until the total solids 
content as determined by the Baume hydrometer was approximately 33.5 
per cent. 

Between 50 and 52 pounds of the condensed skimmilk were placed in 
new T 5-gallon tinned lard cans and stored at -17.8° 0. (0° F.). Altogether, 
9 lots of whole milk were processed at approximate intervals of 4 weeks from 
October through May. 

A 300-pound ice cream mix was made from each lot of condensed skim¬ 
milk when fresh and again after being stored frozen for four weeks. The 
frozen condensed skynmilk was held in water at 21.1° C. (70° F.) over night 
to allow it to melt before it was incorporated in the ice cream mix. The mix 
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was calculated to contain 14 per cent milk fat, 10 per cent; serum solids, 15 
per cent sugar, and 0.25 per cent gelatin. In each case the cream and skim- 
milk required to furnish the milk fat and serum solids not furnished by the 
condensed skimmilk was not more than 24 hours of age. After being held 
at 7.1.1° C. (160° F.) for 20 minutes the mix was homogenized with a two- 
stage homogenize!* (Manton-Gaulin) at 3000-pound pressure with 500-pound 
on the second stage. 

After aging 24 hours at 5 to 6° C. (41 to 43° F.) the ice cream mix was 
frozen in a horizontal, direct-expansion 40-quart freezer. Three batches of 
mix were frozen, the first one being a preliminary batch. The amount of 
mix used in the preliminary trial was 45 pounds, while in the following two 
runs the amount was 42 pounds. The temperature of the ice cream mix at 
the beginning of the freezing process, the time required to lower the tem¬ 
perature of the eon tents of the freezer It) -4.4° C. (24° F.) and the tempera¬ 
ture of the refrigerant when this temperature of -4.4° C. (24° F.) was 
readied were recorded. 

Overrun readings were taken by means of the Mojonnier overrun tester 
immediately after tin* refrigerant was shut off and at minute intervals 
thereafter until the maximum overrun had been obtained. 

Proceedings of sampling. Quart samples of the whole milk were ob¬ 
tained before and after pasteurization of the skimmilk before preheating, 
and of the condensed skimmilk while fresh and after being stored frozen 4 
weeks. A sample of each ice cream mix was taken at the time of freezing 
and a sample of ice cream was taken in quart sealright containers directly 
from the freezer at 100 per cent overrun and held in the hardening room at 
- 17.8° (!. (0° F.). The other samples were held in an ice and water bath. 

Analytical procedure. The raw whole milk was analyzed to determine 
whether or not it was normal in chemical composition. Milk fat and total 
solids were determined by the Mojonnier method (4). The lactose, total 
protein, casein, and ash were determined according to the methods outlined 
in A.O.A.C. (5). A modification of the method of Kosswell (10) was used 
to determine the chloride content. Forty ml. of distilled water were added 
to 10 grams of milk in an Erlcnmeyer flask and, after thorough mixing, the 
contents were titrated with AgNo a of such a concentration that 1 ml. equalled 
1 milligram of chlorine in 10 grams of the sample. One ml. of a 10 per cent 
solution of potassium chromate was added to the flask as an indicator. 

The pH of the samples of whole milk and skimmilk was determined by 
means of the quinhydroue electrode using a type Iv Leeds and Northrup 
potentiometer at 25° C. (77° F). 

The titratable acidity was determined by titrating 25 grams of the 
sample which had been diluted with 25 ml. of C0 2 free double distilled H 2 0, 
with 0.1 normal NaOH using 10 drops of a 1 per cent solution of phenol- 
phthalein. 
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The alcohol test of Dahle and Peyenson (1) was used to indicate protein 
stability and the least amount of 95 per cent ethyl alcohol required to bring 
about the first noticeable indication of coagulation in a 5 ml. sample was 
designated as the alcohol number. In all eases water was added prior to 
the alcohol so that the total volume of the addition (water plus alcohol) 
amounted to 10 ml. Also, the phosphate test of Itamsdeli, Johnson and 
Evans (7) was used. However, when applied to condensed skimmilk the 
number of seconds submersion in the boiling water required to bring about 
indications of coagulation were recorded. 

The milk fat and total solid content of the ice cream mixes were deter¬ 
mined in duplicate by the Mojonnier method. The titratable acidity and 
pH were determined as they were in the case of the samples of milk. A 
heat coagulation test based on a modification of the method of Howat and 
Wright (3) was used. Three ml. of the ice cream mix were pipetted into a 
15 x 125 mm. Pyrex test tube which was then closed with a rubber stopper. 
The stoppered test tube was then immersed in an oil bath maintained at 110° 
C. dt 0.5° C. (230° F.) until visible coagulation occurred; the time in min¬ 
utes required to bring this about was recorded. The viscosity of the ice 
cream mix was determined by means of a Gramerey Model MacMiehael Vis¬ 
cosimeter operated at 20 r.p.m. using a No. 30 wire and a 100 ml. sample at 
5° C. (41° F.). 

Approximately 10 days after freezing, the quart ice cream samples were 
removed from the hardening room and cut into two equal portions of one 
pint each. One pint was scored for body and flavor. The second pint was 
set upon a i-inch mesh wire, resting upon the rim of a heavy 5-inch funnel 
the end of which led into a mouth of a 100 ml. graduated cylinder which had 
been previously tared. The number of minutes required for the first drop, 
first 50 ml. and the first 100 ml. of melt to collect were recorded as was the 
weight of the first 100 ml. of the melt. The sample of ice cream w r as allowed 
to melt at room temperature, in order to simulate actual practical conditions 
as much as possible. 

EXPERIMENTAL RESULTS 

Effect of processing upon the pH, titratable acidity, alcohol number and 
phosphate test . Chemical analysis showed that all nine lots of milk used 
were normal in regard to the amount present of each of the constituents de¬ 
termined. The pH of the raw whole milk did not vary significantly from 
the usual range of 6.4 to 6.8. 

As shown in table 1 it was found that pasteurization increased the pH, 
decreased the titratable acidity and tended to increase the alcohol number. 
The titratable acidity values of the whole milk ranged from .150 to .177 per 
cent calculated as lactic acid. It was found that the titratable acidity of 
the raw whole milk decreased from October through February, then from 
March through May it tended to increase again. The pH of the skimmilk 
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TABLE 1 


Effect of pasteurisation on the pH, titratable acidity and alcohol number of whole mill: 


Date pro¬ 
cessed 

Tests used 

Before pasteurization 

After pasteurization 

pH 

Titratable 

acidity 

Alcohol 

number 

pH 

Titratable 

acidity 

Alcohol 

number 

10-21-38 . 

6.58 

.18 

5.0 

6.60 

.17 

6.0 

11-18-38 .... 

6.59 

.17 

6.5 

6.61 

.16 

7.0 

12-28-38 . 

6.59 

.16 

8.0 

6.63 

.14 

8.0 

1-27-39 . 

6.54 

.16 

7.0 

6.57 

.15 

8.0 

2-24-39 . j 

6.68 

.15 

8.5 

6.70 

.15 

8.5 

3-24-39 . 

6.70 

.17 

8.5 

6.71 

.16 

8.5 

4-14-39 . 

6.73 

.16 

8.5 

6.70 

.15 

9.0 

5— 5-39 

6.50 

.17 

8.0 

6.60 

.17 

8.2 

5-26-39 .... 

6.37 

_: 17 _ 

8.3 

6.48 

.16 

8.5 


was decreased noticeably by condensing. Before condensing, the range in 
pH for the skimmilk was from 6.64 to 6.69; after condensing, the range was 
from 6.04 to 6.33. There was no apparent seasonal trend in the pH of 
either product. The titratable acidity of the skimmilk was greatly increased 
by condensing. The increase was proportional to the increase in solids con¬ 
tent. All samples were normal and there was some indication that the per 
cent acidity found in the fresh skimmilk followed the same trend as it did in 
the raw whole milk. 

The skimmilk had a higher alcohol number before condensing than the 
original milk supply, but a lower alcohol number after being condensed due 
to the influence of the total solids of the products. The range in alcohol 
numbers w r as not great, being from 8.5 to 9.5 for the skimmilk and 4.0 to 5.0 
for the condensed skimmilk but w T ith no definite seasonal trend shown. 

In the ease of the phosphate test it was found that (with one exception) 
the same fluctuations of protein stability were found in the condensed skim¬ 
milk as was indicated by the alcohol number. This one exception was in 
the lot of condensed skimmilk processed April 14, 1939. In this instance 
the protein was the most stable of any lot of condensed skimmilk studied, 
as was shown by the phosphate coagulation time of 70 seconds, yet this in¬ 
creased stability over the average of 55 seconds w T as not shown by the alcohol 
number of 4,0 which was lower than some of the other lots of condensed 
skimmilk prepared in this study. 

Effect of freezing and storing upon the character of the condensed skim¬ 
milk . No evidence of wlieying off could be seen at any time in the frozen 
condensed skimmilk after being stored at -17.8° C. (0° F.) for 4 weeks. 
Other than being slightly sandy, the frozen condensed skimmilk melted 
down to yield a product similar to the fresh condensed skimmilk in body 
and texture. 

Freezing and storing of the condensed skimmilk for 4 weeks caused an 
increase in titratable acidity and with one exception a decrease in the pH. 
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With one exception the protein stability of the condensed skimmilk as mea¬ 
sured by the alcohol test was affected only slightly by storing frozen for 4 
weeks. The data found are shown in table 2. In the remaining 8 trials the 

TABLE 2 


The effect of storing plain condensed skimmilk at - 17.8 0 C . (0° F.) on certain properties 


Date condensed 

Total 

solids 

Length of 
storage 
period 

Test used 

pH 

Titrat- 

able 

acidity 

Alcohol 

number 

Phosphate 

test 

coagulation 

time 


% 

weeks 


% 


seconds 

October 21, 1938 . 

33.97 

0 

6.148 

.833 

4.5 

50 


33.97 

4 

5.978 

.867 

2.5 

50 

November 18, 1938 ... 

35.20 

0 

6.203 

.732 

4.5 

50 


35.20 

4 

6.086 

.754 

4.5 

50 

December 28, 1938 . 

35.58 

0 

6.104 

.418 

5.0 

60 


35.58 

4 

6.071 

.572 

4.5 

50 

January 27, 1939 . 

33.20 

0 

6.038 

.637 

4.5 

55 

33.20 

4 

6.198 

.675 

4.5 

50 

February 27, 1939 . 

32.95 

0 

6.332 

.641 

4.0 

55 

32.95 

1 4 

6.285 

.673 

3.8 

50 

March 24, 1939 . 

32.13 

0 

6.278 

.583 

4.5 

60 


32.13 

4 

6.218 

.677 

i 4.5 

60 

April 14, 1939 . 

3 J .58 

0 

0.158 

.640 

4.0 

70 

31.58 

4 

6.107 

.678 

3.8 

60 

May 5, 1939 . 

31.80 

0 

6.159 

.662 

4.0 

55 

31.80 

4 

6.139 

.681 

4.0 

55 

May 26, 1939 . 

33.76 

0 

6.140 

.704 

4.5 

55 

33.76 

4 

| 6.129 

.715 

4.3 

50 


alcohol number was slightly lower in 50 per cent of the trials. The season 
of the year apparently had no great influence upon the stability of the pro¬ 
tein since the slight decrease which occurred was found in alternate months 
during this study. 

The stability of the protein fraction of the condensed skimmilk as deter¬ 
mined by the phosphate test was found to have decreased after being held 
frozen for 4 w f eeks in 5 of the 9 lots of condensed milk studied. In attempt¬ 
ing to correlate the alcohol and phosphate tests, it was found that in 4 of 
the 9 lots of condensed skimmilk the stability of the protein fraction was 
found to have decreased by both the alcohol and phosphate tests. In 3 lots 
the stability as measured by these two tests remained the same, and in the 
remaining 2 lots of condensed skimmilk the results were inconsistent. 

Comparison of the pH and titratahle acidity of the ice cream mixes made 
from fresh or stored frozen condensed skimmilk. The pH of the 18 mixes 
made fell within the range of 6.1 to 6.4 which according to Sommers (11) is 
the range in pH for normal ice cream mixes. The pH of the ice cream mix 
containing the condensed skimmilk which had been stored frozen was lower 
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than that of the ice cream mix made from the same condensed skimmilk 
while fresh in 5 of the 9 comparisons, while the pH of the condensed skim¬ 
milk itself was lowered in 8 of the 9 lots. It was also found that while the 
titratable acidity of the condensed skimmilk increased after storage, the 
titratable acidity of the mix was increased in only 2 of the 9 trials by using 
condensed skimmilk which had been stored frozen 4 weeks at -17.8° C. 
(0° F.). 

Comparison of the viscosity and resistance to heat coagulation of ice 
cream mixes made from fresh or stored frozen plain condensed skimmilk. 
From the data obtained in determining the viscosity of the ice cream mixes 
it was evident that the difference in viscosity in the mixes containing fresh 
condensed skimmilk as compared to the mixes made from the stored frozen 
condensed skimmilk showed no definite consistent trend due to storing. 

The results indicated that the use of the condensed skimmilk which had 
been frozen had no definite influence upon the resistance to coagulation by 
heat of the resulting icc cream mixes when the time required to bring about 
coagulation at 110° (.3. (230° F.) was determined. 

The effect of using fresh or stored frozen condensed skimmilk on the 
whipping ability of the ice cream mix. The average whipping ability of the 
9 pairs of mixes studied is shown in figure 3. In 6 of the 9 comparative 
pairs the mix containing the stored frozen condensed skimmilk as a source 
of added serum solids whipped slower and did not attain as great a maxi- 



Fig. 1. Whipping ability of ice cream mixes containing fresh condensed skimmilk 
compared to mixes containing condensed skimmilk stored at 0° F. for four weeks. 
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mum overrun as the mix containing the same condensed skimmilk while 
fresh. It was interesting to note that at two different times when two mixes 
were prepared containing the same ingredient other than’ the condensed 
skimmilk which was prepared 4 weeks apart, that the whipping properties 
were the same even though one mix contained fresh condensed skimmilk and 
the other mix the condensed skimmilk prepared 4 weeks previous and held 
frozen until used. This would seem to indicate that any difference in the 
whipping properties of ice cream mixes containing fresh or frozen con¬ 
densed skimmilk is materially affected by the influence of other ingredients 
used. 

Effect of using fresh or stored frozen plain condensed skimmilk on the 
quality of the ice cream. The ice cream samples were scored after having 
been in the hardening room for 10 to 14 days. The difference in flavor 
scores was not significant. Of the criticisms given, four of the samples were 
criticized for having a slight condensed milk flavor, and in each case frozen 
condensed skimmilk had been used. The intensity of this flavor was not 
sufficient to justify the statement that frozen condensed skimmilk should 
not be used. Seven of the 18 ice creams were criticized for having a slight 
* 4 cooked’’ flavor probably due in part to pasteurizing at 160° F. for 20 
minutes. In the ice creams made during April and May a feed flavor was 
very noticeable due to the type of pasture to which the producing animals 
had access. 

In regard to texture, one ice cream was criticized for being “icy.” The 
other 17 were criticized for being either “slightly coarse” or “slightly icy.” 
Our results showed that there was no significant raising or lowering of the 
score for either body and texture or flavor due to the use of stored frozen 
plain condensed skimmilk rather than the fresh product. 

Effect of using stored frozen plain condensed skimmilk upon the melting 
characteristics of the finished ice cream. Widely varying results were ob¬ 
tained from the melt down tests. The reason for these results might have 
been the difference in the temperature of the room from month to month 
which would influence the rate of melting. Two mixes, one containing 
frozen condensed skimmilk and the other fresh condensed skimmilk, made 
the same day, frozen the same day, and the melt down tests conducted at the 
same time gave almost identical results, although significantly different in 
heat coagulation time and viscosity and similar in other properties studied. 
This would indicate that the measurements made have no relation to the 
melting characteristics or the variation in temperature of melting over¬ 
shadowed differences due to condensed milk ingredients. 

DISCUSSION OP RESULTS 

The chemical analysis of the milk supply used in the manufacture of the 
condensed skimmilk showed that the milk was normal in regard to per cent 
of solids, milk fat, lactose, total protein, and ash. 
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No definite relationship was found between the acidity of the milk prod¬ 
ucts as indicated by the titratable acidity and pH and the protein stability 
as determined by the alcohol number and the phosphate coagulation time. 
Rice and Markley (9) found no relationship between natural acidity and 
coagulability with rennet or alcohol. They did find that these properties 
ran somewhat hand in hand and they concluded that both depended upon 
certain relationships between constituents of milk which are independent of 
acidity. Holm, Webb, and Deysher (2) did not find any correlation be¬ 
tween stability of the protein of the fresh milk toward heat and that of the 
condensed milk manufactured from it. Our results indicated that the heat¬ 
ing of whole milk such as that occurring in the process of pasteurization does 
lower the titratable acidity, due probably to the loss of C0 2 . Whittier and 
Benton (12) observed a drop in the titratable acidity of milk upon heating 
and stated that the loss of C0 2 was the factor responsible. The reason for 
the increase in titratable acidity of the skimmilk upon condensing was no 
doubt due to the increased solids content. 

In this study, no milk was found to produce a condensed skimmilk un¬ 
stable to freezing and storing for a period of 4 weeks at -17.8° C. (0° F.). 
Therefore, it was not possible to state the alcohol number or minimum coagu¬ 
lation time in the phosphate test which would differentiate between the con¬ 
densed skimmilk suitable for freezing and storing and that skimmilk which 
would not be suitable because of the instability of the protein fraction. 

The freezing and storing of the condensed skimmilk did not alter its 
physical appearance or body other than to make it slightly sandy. How¬ 
ever, as shown in table 2, some changes did occur in the chemical properties. 
It may be seen that freezing and storing did cause an increase in titratable 
acidity. The fact that this increase was not consistent may have been due 
to the original whole milk as well as the condensed skimmilk. It is also 
rather difficult to explain the drop in pH which occurred in 8 of the 9 lots 
of condensed skimmilk. A lowered pH would indicate a reduced charge 
on the protein particle which would reduce the stability somewhat. How¬ 
ever, with one exception, the protein stability of the condensed skimmilk as 
measured by the alcohol test of Dahle and Pyenson (1) was affected only 
slightly by storing at 0° F. for 4 weeks. 

There was no significant trend found in the titratable acidity, pH or 
viscosity of the ice cream mix due to the changes produced by freezing and 
storing the condensed skimmilk at 0° F. Winn (13) found that the pH 
and titratable acidity of the ice cream mixes made from the stored frozen 
condensed skimmilk were not significantly different from those of ice cream 
mixes made with the same condensed skimmilk when fresh. 

Fluctuations obtained in whipping ability as measured in terms of time 
to reach 100 per cent overrun do not permit the conclusion that the use of 
stored condensed skimmilk had any consistent effect on this property. The 
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score given the ice cream containing the fresh condensed skimmilk agreed 
very closely to that given the ice cream containing the same condensed skim¬ 
milk after it had been stored frozen for 4 weeks at 0° F. This indicated that 
from the standpoint of body and texture, as well as flavor, condensed skim¬ 
milk could be held frozen in storage for 4 weeks at 0° F. and still be used 
to produce a quality ice cream. 

In the measurement of heat stability it was found that 6 of the 9 pairs 
of mix studied showed less stability when the stored product had been used. 
Information was not obtained which would explain why that did not hold 
true in the other 3 pairs of mixes studied. It is also difficult to explain the 
widely varying results obtained when the ice cream samples were melted 
down, unless attributed to the fact that the temperature at which the melt 
dow r n tests were conducted usually varied for each mix of the pair being 
compared. 

It must be recognized that the physical and chemical properties of the 
skimmilk and cream used in these ice cream mixes may have influenced the 
properties of the mixes studied. 
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THE INTENSITY AND KIND OF SELECTION ACTUALLY 
PRACTICED IN DAIRY HERDS* 

DWIGHT M. SEATH 1 
Iowa Agricultural Experiment Station 

It is important to know how much selection among females actually 
occurs in dairy herds. Knowing what causes certain cows to remain in 
herds while others leave, is also important if we are to learn how to make 
more rapid improvement in dairy cattle through selection. 

Attempts to measure the yearly replacements necessary in a herd and 
thus arrive at the average productive life of dairy cows have been numerous. 
Spillman et ah (19) used this method and estimated the productive life at 
4.34 years for cows in Pennsylvania dairy herds and at 4.52 years in Michi¬ 
gan herds. McCandlish (11) gave 3.5 to 4 years as the productive life of 
dairy cowrs and Alexander (1) found that the Iowa State College herd had 
averaged 3.59 years. A report by Smith et ah (17) however, showed a 
shorter productive life (3.17 years) in the milking herds of West Sussex. 
Lush and Lacy (10) from a study of 500 cows in each of the dairy breeds 
found the productive life 3.5 years. 

A study concerned with the increase in average production of a herd was 
reported by Gooch (5). She concluded from her study of 1741 eight-month 
lactation records over a period of 18 years that part of “this (increase) may 
have been brought about by selecting cow T s with comparatively high initial 
yields, since such cows have a high eight-months’ total.” A study by Plum 
(13) in Denmark of the Kollekolle herd for the years 1900 to 1934 revealed 
an 80-kilogram increase in butterfat production of which he attributes 10 
kilograms (22 pounds) to the selection of females. This showed an average 
yearly improvement of .65 pounds of butterfat. 
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MATERIAL AND METHODS 

The present study was conducted in order to measure the influence that 
culling has on the average production of cow testing association herds. 
“Culls” as defined in this study included all cows which finish a cow testing 
association* year but leave the herd before the completion of the following 
association year. The “culls” thus included cows leaving herds for all 
reasons, i.e., those that died, as well as those sold for dairy purposes, for 
beef, or because of disease, et cetera. 

Iowa and Kansas Cow Testing Association data were used in this study. 
In Iowa, records on 147 herds, representing three herds taken at random 
from each of 49 Iowa Cow Testing Associations, were used. Records on 37 
Kansas herds were also studied. Each herd had been tested continuously 
from 3 to 6 years in its respective state during this period. The Kansas 
herds were those having the most complete records for the period studied. 

The yearly cow testing association milk and butterfat records were used 
as a measure of a cow’s productivity. After her first calving each cow was 
considered as “on test” as long as she remained in the herd. There was, of 
course, variation in whether the cow was actually in milk for the entire 12 
months of the period or for only a part of the time, but no corrections for 
this were made. The age-corrected yearly association records were con¬ 
sidered reliable enough for this investigation, inasmuch as they have been 
shown (7) to repeat themselves in succeeding years about as closely as do 
age-corrected lactation records. 

A total of 4495 different cows were included in the 147 Iowa herds 
studied. These cows had a total of 8010 records. Within the 37 Kansas 
herds there were 1883 different cows which had a total of 4087 records. 

Inasmuch as the cow’s age in most eases was given in even years, it was 
necessary to use a single age-conversion factor for all animals of a given 
year of age. Based on findings (12) about freshening ages in Iowa Cow 
Testing Association herds, the two-year-olds were assumed to be two years 
and two months of age. Each age group thereafter was likewise considered 
as the even year plus two months, leaving twelve months as the interval 
between groups. Bureau of Dairy Industry (9) age conversion factors for 
these ages were used. 

Incomplete records of cows were handled in two ways. If a cow had a 
previous record and was not in milk at least 10 months during the associa¬ 
tion year, the incomplete record was not used and her productive ability 
was based on the previously completed record. Obviously most incomplete 
records of cows three years and over fell into this group. Two-year-old and 
a few three-year-old incomplete records were treated differently. For these 
it was necessary to raise the records to a complete mature-equivalent basis. 
If this had not been done, any tendency for herd owners to base their culling 
of heifers on the early production of a first lactation would not have been 
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found in this investigation, for such heifers have no previous records to indi¬ 
cate their productive abilities. 

Conversion factors for raising records to a complete mature basis were 
used on all records of first-calf cows on test less than 11 months, whether 
made by animals leaving the herd or by ones remaining. The fact that 
adjustments were made on those remaining in the herd, as well as on those 
leaving the herd, would tend to balance any error arising from imperfections, 
of these adjustment factors. These adjustment factors were computed 
from the Iowa data by choosing at random among cows of a similar age those 
which had incomplete records their first, year but were on test for 12 months 
the following year. 

RESULTS OF STUDY 

Year io year variations 

Animals leaving herds for all reasons and thus falling into the “cull” 
classification constituted 28.6 per cent of Iowa herds and 30.9 per cent of 
Kansas herds. This turnover indicated a productive life of 3.50 years in 
Iowa Cow Testing Association herds and 3.24 years in Kansas Association 
herds. These averages would be slightly higher if allowances were made for 
cows bought after having spent part of their productive lives in other herds, 
and for cows sold into other herds where they would yet spend a part of 
their productive lives. 

TABLE l 

Total rows and culls with percent a ye of culls by years 



Iowa 

Kansas 

Y ear 

Total 

Number 

Per cent 

Total 

Number 

Per cent 


Cows 

Culls 

Culls 

. Cows 

(■nils 

Culls 

1030 




280 

85 

29.4 

1031 

1605 

433 

20.0 

603 j 

105 

32.3 

1032 

2100 

537 

25.6 

778 

234 

30.1 

1033 

2000 

585 

20.1 

804 

237 

29.5 

1034 

1600 

518 

32.4 

838 | 

300 

30.0 

1935 

030 | 

215 

33.8 

775 

204 

26.3 

Total or average 

SO 10 

2288 

28.6 

4087 ! 

1264 

30.0 


x*= 

: 34.8, P < .001 

X* — 

24.4, P < .001 


Highly significant, differences 2 were found between the amount of culling 
by years (table 1). The lowest percentage of culls during the years studied 
was for Iowa in 1932 when 25.6 per cent of the cows were culls, while the 
highest percentage of culling occurred in Kansas herds during the drouth 
year of 1934 when 36.9 per cent of the cows became culls. Likewise, the 
drouth caused heavy culling in Iowa herds with 32.4 per cent culled in 1934 
and a still higher percentage (33.8 per cent) leaving herds in 1935. Differ- 
2 Throughout this study, probabilities of .01 or less were considered as highly signifi¬ 
cant while significant probabilities were taken as those lying between .05 and .01. 
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ences in assigning individual cow testing association records to a given year 
are thought to account for these two years of heavy culling in Iowa herds as 
contrasted to the one year (1934) in Kansas. 

TABLE 2 


Averages and differences between production of culls and non-culls 



All cows 

Non-culls 

Culls 

Difference: 
non-culls 
minus 
culls 

Difference: 
all cows 
minus 
non-culls* 


Milk 

1 ■■ 1 

Fat 

Milk 

Fat 

Milk 

Fat 1 

Milk 

Fat 

Milk 

Fat 

Iowa . 

8985 

359 

9355 

374 

8061 

320 

1294 

54 

370 

15 

Kansas . 

8379 

348 

8633 

362 

7812 

316 

821 

46 

254 

14 


* Selection differential. 


Culls on the average produced less milk and butterfat for each of the 
years studied than did the non-culls. In Iowa herds the average non-cull 
excelled the average cull (table 2) by 1294 pounds of milk and 54 pounds of 
butterfat annually. Obviously there was no clear-cut division between the 
productive levels of the two groups (see figure 1), for among the culls were 
some good producers and among the non-culls were some poor producers. 
Kansas non-culls produced an average of 821 pounds of milk and 46 pounds 
of butterfat more than the culls. Variation as between years ranged from 
a difference in milk production of 752 pounds (Kansas, 1933) to 1837 jfounds 
(Iowa, 1931). Butterfat differences varied from a low of 37 pounds 
(Kansas, 1934) to a high of 73 pounds (Iowa, 1931). In both states the 
heavy culling attributable to the 1934 drouth reduced the production spread 
between the two groups. 

The spread between the butterfat production of culls and non-culls when 
tested for significance by the analysis of variance (18) showed highly sig¬ 
nificant differences for each of the years studied within each state. The 
portion of the total variance attributed to differences between the two groups 
varied from 3.3 to 10.1 per cent for Iowa and from 2.7 to 5.8 per cent for 
Kansas. 

The selection differential which is computed by determining the differ-' 
ence between the production of non-culls and all cows (table 2), shows how 
much higher the herd average would have been in that year if the culls had 
been removed before the year began. For the five years in Iowa this selec¬ 
tion differential averaged 370 pounds of milk and 15 pounds of butterfat, 
and in Kansas the six year average was 254 pounds of milk and 14 pounds of 
butterfat. 

Herd differences in culling 

Differences in herd practices and feed available, as well as the owner’s 
financial needs, are among the factors which, in addition to differences in the 
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Pig. 1 . Iowa non-eulis and culls grouped according to butterfat production level. 
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percentages of low-producing and diseased cows, could cause variations in 
the amount and intensity of culling between herds. Actual differences 
found in percentage culled between the 37 Kansas herds varied from a low 
of 17 per cent to a high of 49 per cent. The herd differences in percentage 
culled were highly significant and gave evidence that factors affecting the 
herd as a whole caused some herds to have a high percentage of culls and 
other herds to have a low percentage of culls. 

In general, there was evidence that Kansas herds having a high per¬ 
centage of culls also had a wide spread between the production of non-culls 
and culls. A few striking exceptions to this trend were found, however, 
and no effort was made to measure its statistical relationship. 

The selection differentials by herds also showed a wide range in Kansas. 
In one case the entire herd actually averaged 66 pounds more milk than the 
non-culls. The most evidence of culling for milk production was for a herd 
whose non-culls produced 740 pounds more milk on an average than all the 
cows. The range in butterfat selection differential was from zero to 33 
pounds. 

The method of fitting constants (21) was used in the Iowa study to re¬ 
move the effects of disproportionate frequency and thus to permit testing 
the data for * 1 interaction ’’ between herds and differences in the butterfat 
production of non-culls and culls. A real interaction was found for each 
of the five years studied. This means that among the 147 herds some were 
culled for production much more severely than others. 

Inasmuch as positive evidence was found in the Iowa and Kansas studies 
that the amount as well as the intensity of culling for production varied 
from herd to herd, this phase of the investigation was pushed further with 
Iowa data in an effort to learn whether these characteristics peculiar to a 
herd continued year after year. 

The first phase of this investigation concerned the selection differential, 
i.e., the amount that non-culls excelled all cows. Low positive correlations 
existed between the selection differentials of a herd in consecutive years, 
ranging from .02 to .13 with an average of .09. a They were not statistically 
significant. For non-eonsecutive years the correlations varied from .11 to 
.34 and averaged .23, which was highly significant. Why non-eonsecutive 
years showed a higher degree of association than consecutive years is not 
readily apparent. One plausible explanation is that a man might severely 
cull his herd for production one year but, because of a lack of replacements 
the next year, be obliged to wait until the third or fourth year to duplicate 
the process. 

As might be expected, close relationships were found between the per¬ 
centage culled and the selection differential. The correlation ranged from 
.11 to .56 and averaged .36. 

3 All correlation averages were computed by the Z method, Fisher, (4). 



SELECTION OF DAIRY HERDS 


937 


The herd’s average butterfat production did not, however, reveal any 
such consistent relationship to the selection differential and had two nega¬ 
tive correlations (-.03 and - .02) and two positive correlations (.18 and 
.09), averaging .06 for the four years studied. These results would indicate 
that the herds with high herd averages were able to practice on an average 
as intense, if not slightly more intense selection for high production as did 
herds with lower butterfat averages. 

Low, but non-significant, relationships were found between the size of 
herd and the selection differential, indicating that as the size of the herd 
increased the selection differential tended to be slightly larger. The corre¬ 
lations by years varied from .02 to .47 and averaged .13. A priori it would 
not seem that size of herd would have this effect, since the percentage of 
replacements would be about the same in large and in small herds. There 
might, however, be management practices associated wfith herd size which 
would help or hinder culling in herds of some sizes more than in herds of 
other sizes. 

Correlations between consecutive years for percentage of herd culled 
gave further evidence as to the degree to which voluntary selection was a 
characteristic of herd management. Low correlations averaging .10 and 
ranging from zero to .15 were found. Percentage of animals culled was 
obviously not entirely the result of voluntary culling by men in charge of 
herds but includes also a great deal of irregular and involuntary culling 
governed partially by the number of replacement animals available. 

Breed differenced in culling 

A comparison of the percentage of purebreds, grades and scrubs culled 
in Iowa and Kansas Association herds showed (table 3) one striking differ¬ 
ence as between states. In Iowa the percentage culled among purebreds 
(28.2 per cent) was not significantly different from the percentage culled 
(28.7 per cent) among the grades. Kansas, on the other hand, with 26.7 per 
cent culls among purebreds and 35.4 per cent culls among grades, displayed 
almost one-third more culling among grades than among purebred animals. 
The high percentage of culling of Kansas grades could partially have been 
caused by the presence of a number of herds that had both grades and pure¬ 
breds. The owners of these herds may have been eager to cpnvert their 
herds rapidly to wholly purebred ones and, therefore, may have done most 
of their voluntary culling of grades. The 80 scrubs in Iowa herds were 
culled more heavily (table 3) than either the purebreds or grades. 

The intensity of culling as measured by the production spread between 
the non-culls and culls was greater in each state for purebreds than for 
grades (table 3). In Iowa the purebred non-culls excelled the purebred 
culls by 2696 pounds of milk and 57 pounds of butterfat, whereas the grade * 
non-culls produced 1321 pounds of milk and 53 pounds of butterfat more 



938 


DWIGHT M. SEATH 


TABLE 3 

Intensity and homogeneity of culling among purebreds, grades and scrubs 



Iowa 

Kansas 


Cows 

Production 
difference 
of non-culls 
and culls 

Cows 

Production 
difference 
of non-culls 
and culls 


Number 

studied 

Per cent 
culled 

Milk 

Fat 

Number 

studied 

Per cent 
culled 

Milk 

Fat 

Purebred . 

2918 

28.2 

2696 

57 

2124 

26.7 

776 

49 

Grades . 

5011 

28.7 

1321 

53 

( 1953 

35.4 

708 

41 

Scrubs . 

80 

31.2 

1814 

62 

* 





* Three scrubs, 3 Brown Swiss and 4 Red Polled cows were eliminated from the Kan¬ 
sas study of breeds because there were so few in each class. 


than the grade culls. Kansas data revealed this same trend with the pure- 
breds excelling in both comparisons between non-culls and culls with a milk 
yield difference of 776 pounds for purebreds and 708 pounds for grades, and 
a butterfat yield difference of 49 pounds for purebreds and of 41 pounds for 
grades. 

Between-breed differences in amount of culling were found in both the 
Iowa and Kansas studies, yet the results were not consistent as between states. 
Iowa herds culled a strikingly large percentage of grade Guernseys (32.6 per 
cent) and a relatively small percentage of purebred Guernseys (18.1 per 
cent), while in Kansas purebred Holsteins and Grade Ayrshires with 29.5 
per cent and 49.0 per cent culls ranked first, respectively, in culling among 
the purebred and grade groups. The least amount of culling among Kansas 
breeds was for purebred Jerseys with‘22.4 per cent culls. Chi-square values 
derived from tests for homogeneity of culling between breeds gave signifi¬ 
cant figures for each state. These values would likely have been less had 
the influence caused by the general differences between herds been first re¬ 
moved, for it has already been shown that factors affecting the herd as a 
unit had an influence on the amount of culling done. Inasmuch as most 
herds consisted largely of one breed, the heavy culling of a herd would exert 
its culling influence largely on one breed. 

Differences between the production of non-culls and culls by breeds were 
irregular as between states, thus failing to indicate that one breed selected 
more closely for either high milk or high butterfat production than did the 
others. 

Sow months in milk affected culling 

The production records used in this study were for a cow testing associa¬ 
tion year rather than for a lactation. The period that the cows were in milk 
showed (to the nearest month) the time during an association year that the 
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cow was in production. The months stated thus represented the part or 
parts of one or of two lactations that a cow was milked. 

When the cows were grouped by months in milk, differences in the per¬ 
centage culled during the next year were significant in both states (top half 
of table 4). Before making these comparisons the two- and three-year-olds 
with incomplete records were removed from both the cull and non-cull 
groups, so that no discrepancy would be introduced by their inclusion. A 
distinct tendency was found to cull heavily the cows that were in milk only 
a small part of the preceding year and to retain a higher than average per¬ 
centage of those in milk ten or more months. Forty-eight per cent of the 
Iowa cows and 40.9 per cent of the Kansas cows in milk five or less months 
were culled. This was in contrast to an average culling among these groups 
of 26.5 per cent in Iowa and 29.0 per cent in Kansas. Cows in milk eleven 
months experienced the least culling, 24.3 per cent in Iowa and 26.8 per cent 
in Kansas. 

The milk and butterfat production differences between non-culls and 
culls (top half of table 4) showed no uniform trend either within states or 
between states that could be ascribable to months in milk. For certain years, 
however, there was evidence tliat a definite interaction did exist between 
months in milk and the butterfat production spread, between culls and non- 
culls. While not tested in the Kansas study, evidence of such interaction 
was found in Iowa for 1931, 1932, and 1933. The years 1934 and 1935, how¬ 
ever, showed a definite lack of interaction. The lack of relationship in 1934 
and 1935 may have been due to the influence of the drouth which could have 
upset normal culling practices. 

The culling among two- and three-year-olds (bottom half of table 4) 
having incomplete first lactations averaged 35.0 per cent in Iowa and 37.1 
per cent in Kansas, and was significantly heavier than the 26.5 per cent and 
29.0 per cent respectively shown in these states for other cows (top half of 
table 4). The culling of these young cows was comparatively heavy for each 
of the months-in-milk groups with no apparent uniform trend as between 
states. 

The production spread between culls and non-culls, as with the per¬ 
centage of culling, was also greater for these two- and three-year-olds with 
incomplete records (raised to a full-time basis) than for other cows—in Iowa 
2017 pounds of milk and 74 pounds of butterfat as compared to 559 pounds 
of milk and 40 pounds of butterfat for other cows, and in Kansas 970 pounds 
of milk and 56 pounds of butterfat as compared to 717 pounds of milk and 
41 pounds of butterfat for other cows. This evidence of early selection 
based on the first production records of cows is further supported by the 
larger production spread between the culls and non-culls during the early 
part of these first lactations (bottom half of table 4). Within each state 
this spread was the greatest for one month in milk, with those in milk two 
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and three months also showing a wide production spread between the two 
groups. 

These findings warrant the conclusion that much early culling based on 
production takes place during the first lactation of two- and three-year-olds 
in both Iowa and Kansas Cow Testing Association herds. 

Age and Us influence on culling 

The influence of age on the number culled and on the production spread 
between culls and non-culls was studied by using the ages of the cows given 
(in whole years) for the year prior to culling (the incomplete record two- 
and three-year-olds excepted). This placed a large portion of the cows in 
an age group one year less than the actual age when they left the herd. 

Both Iowa and Kansas herds showed a definite effect of age of cows on 
culling rates. (See figure 2 for distribution by ages of Iowa culls and non- 
culls.) In Iowa the culling rates among cows less than eight years old were 








942 


DWIGHT M. SEATH 


the heaviest for three-year-olds with 31.3 per cent (table 5) of their number 
culled. The two-year-olds were second with 28.1 per cent culled. Kansas 
herds culled the two-year-olds most heavily (31.6 per cent) and the three- 
year-olds second (30.4 per cent). An important part of this heavy culling 
of two- and three-year-olds as previously shown was among those with 
incomplete first-lactation records. 

TABLE 5 

The percentage of culls by ages (Ages given for year prior to culling) 



Iowa 

Kansas 




Production dif- 



Production dif- 

Age 

(years) 

1 Cows 

ference of non- 

Cows 

ference of non- 



culls and culls 



culls and culls 

Number 

studied 

Per 

cent 

culled 

Milk 

Fat 

Number 

studied 

Per 

cent 

culled 

Milk 

Fat 

2 . 

2705 

28.1 

3659 

63 

1325 

31.6 

1307 

57 

3 . 

1500 

31.3 

1764 

75 

723 

30.4 

1102 

54 

4 . 

995 

23.2 

649 

34 

489 

27.2 

766 

53 

6 . 

! 800 

25.0 

647 

38 

403 

26.8 

549 

37 

6 . 

1 616 

27.4 

1200 

47 

337 

26.1 

598 

27 

7 . 

448 

26.3 

993 

46 

274 

29.6 

192 

27 

8 . 

337 

31.8 

838 

32 

216 

32.9 

321 

41 

9 . 

231 

34.2 

744 

40 

135 

42.2 

-166 

35 

10 . 

164 

38.4 

1367 

52 

72 

44.4 

1334 

36 

11 . 

94 

33.0 

1422 

60 

46 

45.7 

569 

20 

12 . 

601 





261 





13 . 

31 





18 





14 . 

15 . 

15 

8 


50.7 

197 

12 j 

11 

7 | 


50.7 

1682 

54 

16 . 

2 





4 1 





17 . 

2 





1 





18 . 

2 









Total or average 

8010 

28.6 

1294 

54 

4087 

30.9 

821 

46 


X a 69.2 47.4 

d/f 10 10 

P < .001 < .001 

Advancing age caused a decided increase in culling as evidenced by the 
heavy culling of cows eight or more years of age (table 5). Especially 
heavy culling took place among cows twelve years or older, with an average 
of 50.7 per cent of those leaving the association herds in both Iowa and 
Kansas. 

The production differences between the non-culls and culls by age groups 
(table 5) were large for both milk and butterfat production for the heavily 
culled two- and three-year-old groups. In Iowa the three-year-olds were the 
most intensely culled, their non-culls excelling their culls by 1764 pounds of 
milk and 75 pounds of butterfat. In Kansas the two-year-old non-culls 
had the largest spread over culls of any of the age groups with 1107 pounds 
of milk and 57 pounds of butterfat. In Iowa the two-year-olds ranked sec- 
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ond, while in Kansas the two classes were reversed with the three-year-olds 
second. Irregular production differences having no particular trend were 
found for groups 12 years old or over. 

The influence of body weight 

Weight was studied as a possible factor which might have influenced 
selection, inasmuch as various studies have shown that larger cows gen¬ 
erally produce more milk and butterfat than do smaller ones. 

The study of the influence of weight on culling was confined to Iowa data 
where the estimated weights on the yearly reports of the testing supervisors 
were used. Such data were available on approximately 80 per cent of the 
cows within the 147 herds. Although these weights were only estimates of 
the herd owner and testing supervisor, and of course would vary from year 
to year, they did furnish some information on the general size of the 
animals. 

Indications were found (table 6) that cows weighing 600 pounds or 
less were culled heavily, for 40 per cent of the cows falling into this group 
were culled as compared to an average of 28.8 per cent for the 7436 cows. 
Also, the cows weighing 1500 pounds or more showed a high percentage 
culled, with 35.3 per cent of them leaving the herds. 

TABLE 6 


Percentage culled and production differences between culls and non-culls as influenced 
by body weight (Iowa herds only ) 


Body weight 
(pounds) 

Cows 

Production difference of non- 
culls and culls 

Number 

studied 

Per cent 
culled j 

Milk 

Fat 

600 or less . 

130 

40.0 

3041 

58 

700 . 

289 

30.8 

746 

42 

800 . 

1046 

28.0 

993 

47 

900 . 

1031 

27.4 

985 

47 

1000 . 

2048 

28.0 

1421 

58 

1100 .. 

1103 

27.9 

1675 

65 

1200 . 

3026 

31.0 

3389 

55 

1300 . 

365 

29.6 

1754 

69 

1400 . 

282 

25.9 

1273 

57 

1500 and over . 

116 

35.3 

69 

9 

Total or Average . 

7436 

28.8 

1282 

54 


X 2 = 15.4, P .08 


The significance of the differences found in number culled by weight 
groups when studied by chi-square for individual years left much doubt as 
a definite relationship of culling to body weight. In only one year (1933) 
was the probability less than .05 that culling intensity was independent of 
weight. When all data were combined for the five years the probability was 
.08. Only the extreme classes (600 pounds or less and 1500 pounds and 
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over) seem likely to have been ctilled with an intensity really different from 
that in other weight classes. 

Differences between the production of non-eulls and culls by weight 
groups (table 6) displayed little evidence of a trend. Only one year, 1931, 
had a significant interaction between weight and the difference in produc¬ 
tion. This was offset by the years 1932, 1933, and 1934 where the mean 
square due to interaction was actually less than that within the groups. 
Even though herd owners did cull more heavily the extremely light and 
extremely heavy cows, the production differences between the non-cull and 
cull groups within the various weight classes did not vary in a regular way 
with weight of the cow. 

Why cows were culled 

For the Kansas study herd owners furnished through their testing super¬ 
visor information as to why cows left the herd. In many cases the reason 
given had been recorded in the herd record book, thus representing the 
reason given at the time the animal became a cull. In instances where this 
notation had not been made, the owner relied on his memory for the reason 
for culling. In case the reason could not be recalled, it was classified in the 
questionnaire as “reason unknown.” Fifty animals representing 4 per 
cent of the culls were thus classified. 

Cows sold because of low production accounted for 9.4 per cent of total 
cows or 30.5 per cent of the 1264 culls (table 7), i.e., 30.5 per cent equals 7.1 

TABLE 7 


Why Kansas cows were culled and production level of each group 


Reason 

Number* 

culls 

Per cent, of 

Av. 

milk 

Av. 

fat 

Total 

culls 

Total 

cows 

Bang's disease. 

168 

33.3 

4.1 

7873 ! 

325 

Udder trouble . 

133 

3 0.5 

3.3 

8692 

347 

Sterility . 

92 

7.3 

2.2 

7321 

321 

Died. 

83 

6.6 

2.0 

8635 

349 

Mise. diseases . 

30 

0.8 

0.3 

9100 

413 

Tuberculosis . 

8 

0.6 

0.2 

7938 

358 

Total diseased . 

494 

39.1 

12.1 



Low producers sold for beef. 

296 

23.4 

7.2 

7196 

289 

Low producers sold for dairy. 

90 

7.3 

2.2 

6100 

247 

Good producers sold for dairy. 

240 

19.0 

5.9 

8472 

327 

Old age . 

61 

4.8 

1.5 

6328 

341 

Accidents . 

30 

2.4 

0.7 

8360 

334 

Misc. reasons. 

3 

0.2 

0.1 

7067 

300 

Reason unknown. 

50 

4.0 

1.2 

7146 

312 

Grand total . 

1264 

100.0 

j 30.9 

7812 

316 


per cent sold for dairy plus 23.4 per cent sold for beef. The low producers 
sold for dairy purposes had the lowest average production of any group— 
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6100 pounds of milk and 247 pounds of butterfat! The low producers sold 
for beef ranked second low in butterfat yield with 289 pounds of butterfat. 

A total of 494, representing 39.1 per cent of the culls (12.1 per cent 
of tola! cows), left because of disease. Among the diseased groups 
those leaving because of sterility and Bang’s disease produced the lowest 
yields of butterfat, 321 pounds and 325 pounds, respectively. Those 
afflicted with udder troubles averaged 347 pounds, just one pound less than 
the average of all cows. 

Cows classed as good producers and sold for dairy purposes represented 
19 per cent of the total culls. Their average production was 8472 pounds of 
milk and 327 pounds of butterfat. This was 93 pounds in excess of the 
average milk yield but 21 pounds less than the average butterfat yield of 
all cows. These dairymen apparently exercised some selection for higher 
butterfat percentage when animals were sold for dairy purposes. 

The foldings relative to percentage culled for various reasons (table 7) 
are about the same as the results reported (15) for a three-year period 
(1935-1937) oil all Iowa and Kansas cow testing association herds, and are 
in (dose agreement with the Bureau of Dairy Industry’s report (2) on a 
study made of 114,135 cows in 18 states. Culling for low production was 
strikingly similar between the three studies, ranging from 30.5 per cent 
(this study) to 35 per cent of the total culls. Losses due to disease in this 
study (12.1 per cent of total cows) coincided closely with the 13.5 per cent 
reported by Smith (17) in West Sussex cattle. 

Age and the culling of low producers 

As has been shown (table 7) 386 of the 1264 culls, or 30.5 per cent of all 
culls, were sold because of low production. When these 386 animals were 
classified by ages (table 8) a preponderance of them fell into the younger 
groups. Two-year-olds made up 40.2 per cent of their total, three-year-olds 
23.8 per cent and four-year-olds 9.1 per cent, while only 4.4 per cent of them 
were over eight years of age. 


TABLE 8 

Ages and production level of cows sold because of low production 


Age (years) 

Number 

eows 

Per cent of 
all culls 

Average production 

Milk 

Fat 

o 

155 

40.2 

7055 

278 

a . 

92 

23.8 

6499 

257 

4 . 

35 

9.1 

6540 

269 

5 . 

26 

6.7 

7719 

307 

6 ... 

28 

7.2 

7278 

311 

7 . 

14 

3.6 

7171 

287 

8 . 

19 

4.9 

6647 

265 

9 and over . 

17 

4.4 

7541 

292 

Total or average. 

386 

100.0 

6942 

277 
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The average mature-equivalent butterfat productive level of the various 
age groups (table 8) shows three-year-olds lowest with 257 pounds, while 
the two-year-olds averaged 278 pounds, and the four-year-olds 269 pounds. 
The 19 eight-year-olds were second low with 265 pounds while the highest 
average was registered by the 28 six-year-olds with 311 pounds. This group 
still produced five pounds less than the 316 pound average of all culls. 

The indication that most of the culling for low production takes place 
early in a cow’s productive life was confirmed in this portion of the study. 
Age relationships to culling, when all culls were considered, indicated this 
same trend (table 5). 

When cows are culled 

A sample of 414 culls having records (or possible records) through the 
two-, three-, and four-year-old periods were chosen iri an effort to learn about 
the length of productive life and the number of freshenings of cows which 
are culled at early ages. Obviously many of these young cows did not have 
records for each of the three years studied, inasmuch as they became culls 
before they completed the three years in herds. In every case, however, care 
was taken to choose only records of cows that were in herds that were tested 
for three years following the beginning of these two-year-old records, so as 
to permit the securing of all their records, irrespective of whether they 
stayed in the herd for part or all of the three years. 

The distribution of these culls for number of freshenings to time of cull¬ 
ing showed that 50.7 per cent of the 414 had freshened but once, 32.8 per 
cent had freshened twice, 12.8 per cent freshened three times, and 3.6 per 
cent had four freshenings before being culled. The average was 1.7 freshen¬ 
ings to time of culling. 

Of these 414 culls, 156 were cows that were classified by the owner as 
culled because of low production and sold either for beef or dairy purposes. 
For these low producers, the percentage distributions by number of freshen¬ 
ings were very nearly the same as those of the entire sample. Likewise, the 
average of 1.6 freshenings per cow is not very different from the average of 
1.7 found for the entire 414 culls. 

The average number of months elapsing from first freshening to time 
of culling for the 414 culls was 17.3 months. For the 156 culls that were 
sold because of low production it was 14.7 months, showing a greater differ¬ 
ence than was apparent in the comparison bet ween the two groups on num¬ 
ber of freshenings. 

The average period from last freshening to time of culling was 5.3 months 
for the entire group and 5.2 months for the low producers. This showed 
that the time of culling averages around the center of a cow’s last lactation. 
The distribution of cows by months showed little tendency for the culls to 
have been sold mostly during specific months. 
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The effect of selection on inheritance of herds 

If the selection differential represented only permanent differences be¬ 
tween the cows, if these differences were 100 per cent hereditary, and if the 
choice of bulls represented culling of the same intensity, then it could be 
said that culling caused an annual improvement in the heredity of Iowa 
herds of 370 pounds of milk and 15 pounds of butterfat, and in Kansas of 
254 pounds of milk and 14 pounds of butterfat (table 2). Unfortunately, 
the answer is not this simple. In the first place, the selection studied was 
only of cows and they contribute only one-half the genes to the next genera¬ 
tion. Secondly, one record on a cow is only a partial indication of her real 
producing ability, and thirdly, only a fraction of the measured differences 
in cows is hereditary. 

Now, if heredity were the only thing which caused records of the same 
cow to be alike, the'intra-herd correlation between consecutive records of 
cows would represent the hereditary portion of the differences between 
single records of cows. In Iowa this correlation for butterfat yield was 
.38 for non-culls and .31 for culls and in Kansas .32 for non-culls and .27 
for culls. These results are slightly lower than the .40 found by Plum (12) 
between consecutive lactation records in Iowa Cow Testing Associations. 
As was pointed out in that study, it is improbable that this 40 per cent (.40) 
of the intra-herd differences was entirely caused by differences between the 
heredity of cows, for there could exist intra-herd correlations between the 
environment to which the same cow had been exposed for different years. 
There might exist also a correlation between the inheritance of a cow and her 
environment, as when the cow with the best inheritance is given the'best 
treatment. 

The fact that culls had intra-herd correlations significantly lower than 
those for non-culls gives evidence that the butterfat differences actually 
found between the records of non-culls and culls for the year before the culls 
left the herd were somewhat larger than the real inherited differences. This 
fact plus the knowledge that all cows eventually become culls makes it logical 
to consider the intra-herd correlations between consecutive butterfat records 
of culls as the upper limit in heritability of butterfat yield, i.e. f .31 in Iowa 
and .27 in Kansas. 

As a more dependable estimate of the importance of heredity in causing 
the observed intra-herd differences, dam-daughter correlations were com¬ 
puted on an intra-sire basis. The first record of each animal in dain- 
daughter pairs was used, so as to be affected as little as possible by selection. 
Resulting correlations before removing the effect of sire (including herd) 
were, in Iow r a, .51 for milk and .28 for butterfat and, in Kansas, ,57 for milk 
and .37 for butterfat. These results for milk are comparable to those of 
Gowen (6) who reported Jerseys at .30 and Holsteins at .50. On an intra- 
sire basis the correlations in the present study reduced for Iowa, to .10 for 
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milk and .07 for butterfat and, in Kansas, to .12 for milk and .02 for butter- 
fat. 

Doubling intra-sire dam-daughter correlations and adjusting for differ¬ 
ences in the variance of daughters and dams provides an estimate of the 
importance of heredity in causing differences between records of cows kept 
in the same herd and mated to the same sire. This is identical with com¬ 
puting intra-sire regression of daughters’ records on dams’ records and 
doubling that in accordance with the principle of “diallel crossing” (14). 
Questions of whether the mating systems are random, inbreeding, or assor- 
tive mating based on somatic resemblance, are avoided by this method. This 
analysis yields only that fraction of the variance which can be expressed as 
due to additive gene interactions, as dominance deviations do not contribute 
to dam-daughter correlations and only a small part of the epistatic devia¬ 
tions do. In this narrow sense the fraction of the variance which is heredi¬ 
tary becomes: 

Iowa: 2 x .10 Ji§|° = .21 (milk) 2 x .07 J^=.13 ( £at ) 

\ 376.8 \70.9 

Kansas: 2x.l2 = .25 (milk) 2x.02 = .05 (fat) 

Now if one adds to each of the above portions of the variance one-fourth of 
their respective values in line with Wright’s (20) idea as the portion due to 
dominance or increases their value 50 per cent in line with Fisher’s idea (3) 
in allowing for dominance, the importance of heredity (in this broader 
sense) increases. Wright’s method would establish the lower limits in 
heritability which in this case would be, for milk, .26 (Iowa) and .30 
(Kansas) and, for butterfat, .16 (Iowa) and .06 (Kansas). 

Considering the intra-herd correlations between consecutive records of 
culls to be the upper limits of heritability for butterfat and the figures from 
the Fisher method as upper limits for milk (where the correlation between 
consecutive records was not studied), the range becomes: 

Iowa: .26 to .31 (milk) .16 to .31 (fat) 

Kansas: .30 to .38 (milk) .06 to .27 (fat) 

Before extracting from the selection differentials the above portions attri¬ 
buted to heredity, it is necessary to correct the differential itself to allow for 
the low production of certain culls, e.g old and diseased cows during the 
last year they were in the herd. As evidence of this, among 1129 cows in 
Iowa herds all through 1933 and 1934, 368 became culls in 1935. During 
1934 the non-culls averaged 14 pounds more butterfat than all cows but in 
1933, a year earlier, this difference between the same cows was only 9 pounds. 

To allow for this non-hereditary portion of the selection differential only 
two-thirds of the actual amount found was used in computing the hereditary 
portion, thus becoming, in Iowa, 247 pounds of milk and 10 pounds of but- 



SELECTION OF DAIRY HERDS 


949 


terfat and, in Kansas, 167 pounds of milk and 9.3 pounds of butterfat. Now 
if these characters were 100 per cent hereditary, only one-half of this would 
pass on to the next generation, inasmuch as each parent contributes equally 
to the offspring. Extracting this one-half from each (corrected) selection 
differential and applying the factors (cited above) representing the range 
in estimates of heritability, results in a net yearly hereditary improvement 
in milk yield of from 32 to 38 pounds in Iowa and from 25 to 32 pounds in 
Kansas. In butterfat yield the yearly improvement would be .80 to 1.55 
pounds in Iowa and .28 to 1.25 in Kansas. 

The indicated annual hereditary improvement in cow testing association 
herds thus resulting from the culling of cows as shown here would range 
(considering the results from both states) between 25 and 38 pounds of milk 
and .28 and 1.55 pounds of butterfat. 

These culling benefits are not very different from the results reported by 
Plum (13) in his study of records covering 35 years in the Danish Kollekolle 
herd. He found an improvement of 80 kilograms of butterfat of which he 
stated that not over 10 kilograms was hereditary improvement brought 
about by the selection of females. This amount (22 pounds) would repre¬ 
sent an average of .64 pounds per year, which falls between the limits of 
improvement found for butterfat in this study. 

SUMMARY 

In a study of 147 Iowa and 37 Kansas Cow Testing Association herds it 
was found that the annual exodus of cows averaged 28.6 per cent for five 
years in Iowa and 30.9 per cent for six years in Kansas. The 1934 drouth 
appreciably increased culling in both states. 

For each year in both states the non-culls averaged higher in production 
than did the culls. The average production spread between the two groups 
was 1294 pounds of milk and 54 pounds of butterfat in Iowa and 821 pounds 
of milk and 46 pounds of butterfat in Kansas. 

Herd differences were found both in percentage culled and in intensity 
of selection for high production. 

Heavier than average culling was found among cows that only milked a 
few months the previous year. In Iowa herds 48 per cent of those cows that 
milked five or less months were culled, and in Kansas 40.9 per cent of this 
group were eliminated. 

Heavy culling during the first lactation of two- and three-year-olds was 
found in each state with 35,0 per cent of such cows (having incomplete rec¬ 
ords) leaving Iowa herds and 37.1 per cent leaving Kansas herds. These 
culls showed appreciably lower production records than did other culls. 

Ages of cows had an important relationship to culling. Two- and three- 
year-olds were heavily culled and showed an approximate 25 per cent in¬ 
crease in spread between the production of non-culls and culls as compared 
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with the average of all age groups. An average of 50.7 per cent of cows 12 
years of age and over was culled in each state. 

No consistent relationship was found between breeds and culling. 

Iowa cows having estimated body weights of 600 pounds or less and 1200 
pounds or more were heavily culled, yet too few cows fell into these two 
classes to permit definite conclusions to be drawn. 

Reasons given for culling Kansas herds showed that 39.1 per cent of culls 
left because of disease. Only 6.6 per cent of the culls died. A total of 30.5 
per cent of culls was sold because of low production and good producers 
sold for dairy purposes accounted for 19.0 per cent. Those sold because of 
sterility and Bang’s disease showed the lowest previous years’ production 
among the diseased cows. Among all groups the low producers sold for 
dairy purposes produced the least butterfat with low producers sold for 
beef next above them. 

A study of 414 culls followed through the heavy culling ages, i.e., two, 
three, and four years, revealed that the average number of freshenings to 
culling was 1.7; the months from first freshening to culling, 17.3; and 
months from last freshening to culling, 5.3. 

The estimated yearly hereditary increase in herd average expected to 
result from the selection found in this study ranged from 25 to 38 pounds of 
milk and from .28 to 1.55 pounds of butterfat. 
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RUMEN DIGESTION IN THE BOVINE WITH SOME OBSERVA¬ 
TIONS ON THE DIGESTIBILITY OF ALFALFA HAY 1 

E. B. HALE, C. W. DUNCAN and C. F. HUFFMAN 
From the Chemistry Section and Section of Dairy Husbandry of the Michigan 
Agricultural Experiment Station , East Lansing , Michigan 

The importance of rumen digestion has been recognized for a long time 
but it has been only within recent years that dependable experimental evi¬ 
dence pertaining to rumen physiology has been obtained. Even now, little 
is known of the significance of rumen digestion when compared with the 
total digestion that occurs in the passage of feeds through the digestive tract. 
Recently, however, in vivo chemical studies of the digestion of various 
nutrients within the rumen have been undertaken. Silver (1) studied the 
digestion and absorption of alfalfa hay by removing the rumen contents 
at the time of feeding and at 2-hour intervals thereafter. He interpreted 
his results by comparing the various values for percentage composition of 
the rumen contents as the period of digestion progressed. Kick and Ger- 
Jaugh (2) studied the effect of the preparation of alfalfa hay on rumen 
digestion and reported the percentage of the total daily intake that was 
represented by the rumen ingesta when removed 24 hours after feeding. 
In both of these investigations it was found that protein disappeared 
rapidly from the rumen while fiber disappeared slowly. Quittek (3) and 
Krzywanek and Quittek (4) compared the percentage composition of the 
rumen contents removed at 3-hour intervals with that of the hay. They 
observed that the percentages of nitrogen, crude fiber and crude fat in the 
dry matter of the rumen increased as digestion progressed. The increase 
in these nutrients was attributed to the rapid disappearance of carbohy¬ 
drates by rumen fermentation. Although all of these methods have served 
a purpose, they are inadequate in making studies of rumen digestion because 
the results can only be interpreted on a comparative basis and no idea of 
the quantitative digestion can be obtained. 

In vitro studies of the products of cellulose fermentation by rumen and 
intestinal flora have been numerous. The recent studies of Woodman and 
Evans (5) and Poclion (6) demonstrated the formation of the lower fatty 
acids from the hydrolytic decomposition of cellulose and suggested that these 
acids may be the products of rumen digestion. Acetic and butyric acids 
were produced in considerable amounts while lactic, pyruvic, propionic, 
formic, and valeric acids and glucose were produced in smaller amounts. 
The findings of Trautmann (7) indicate that the rumen, reticulum and 
deceived for publication March 25, 1940. 

i Published with the permission of the Director of the Agricultural Experiment 
Station as Journal Article No. 430 (n.s.). 
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omasum are capable of rapid absorption of water and substances in solu¬ 
tion. Davey (8) also obtained evidence of absorption from the stomach 
compartments of ruminants. 

It has been generally assumed that the various nutrients of feed-stuffs 
are less digestible at the higher planes of nutrition. Watson and co-workers 
(9) have pointed out that the data supporting this are conflicting and indi¬ 
cate that some nutrients may be affected while others are not. Watson, 
Muir and Davidson (10) found that the level of feeding affected the utiliza¬ 
tion of rations of roughage alone differently than mixed rations. 

The limitations of the present empirical determination of crude fiber 
were discussed by Crampton and Maynard (11) and they proposed the divi¬ 
sion of the carbohydrate fraction of feedstuffs into lignin, cellulose and 
other carbohydrates. Horwitt, Cowgill and Mendel (12) reviewed the long 
recognized faults of the ether extract method for the determination of fat 
and developed a relatively rapid method for the determination of true fat. 
They also investigated the value of an enzymatic method for the determina¬ 
tion of crude fiber. There is a great need for an extension of the applica¬ 
tion of these and similar methods to feed analysis in order to determine 
their adequacy in the estimation of the feeding value of various roughages. 

The present study was undertaken (a) to develop a method for evalu¬ 
ating quantitative digestion in the rumen, (b) to observe the effect of the 
plane of nutrition on digestion coefficients and rumen fill, and (c) to obtain 
information on the value of determining lignin, cellulose, crude fiber by an 
enzymatic method, and true fat in alfalfa hay. 

METHODS 

Six Holstein cows, five normal and one with rumen fistula, received 
alfalfa hay as the only feed in amounts of 10, 20 or 30 pounds per day. The 
rumen ingesta was removed from the cow with the fistula following a pre¬ 
liminary feeding period of at least 12 days at each level of feeding. The 
rumen contents were removed in the morning just before feeding (14 hours 
after the previous feeding) on six occasions (twice for each level of feed¬ 
ing), "weighed, mixed, sampled for chemical analysis and replaced in the 
rumen. On one occasion the rumen contents were removed 24 hours after 
feeding rather than at the usual 14-hour period. The cow was weighed just 
before and after the rumen was emptied in order to check the weight of 
the material removed. A sample of feces was collected with each sample 
of rumen contents. Eleven digestion trials were conducted to supplement 
the results obtained with the rumen fistula cow. Three trials were at the 30- 
pound level, six at the 20-pound level and two at the 10-pound level. Each 
trial consisted of a 10-day preliminary period followed by 10 days of 
collection. 
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The chemical analyses which were made on the hay, rumen contents, and 
feces were moisture, protein, ash, ether extract, crude fiber, nitrogen-free 
extract and iron by the A. 0. A. C. methods (13). Lignin, cellulose and 
other carbohydrates (by difference) were determined by the methods em¬ 
ployed by Cramp ton and Maynard (11). Crude fiber (later referred to as 
“new crude fiber”)* “new nitrogen-free extract” (by difference) and true 
fat were determined by the methods of Horwitt, Cowgill and Mendel (12). 
The cellulose determination was slightly modified by using a 50 nil. pyrex 
ignition tube for both digesting and centrifuging the sample, thereby elimi¬ 
nating the necessity of transferring the material from a 150 ml. round- 
bottom flask to a centrifuge tube. A temperature of 39° C. was used to 
incubate the lignin and new crude fiber samples. Linen (Butcher's) filter¬ 
ing cloth was used for filtering the new crude fiber sample because the solu¬ 
tion passed through the linen much more rapidly than through various 
crucibles. For the final filtration, the linen and a beaker were weighed 
previously. 

Rumen and total digestion coefficients were calculated by using (a) iron 
ratios and (b) lignin ratios. In addition, total digestion coefficients were 
calculated from the digestion trials. Bergeim (14) proposed a simplified 
method for the determination of food digestibility and utilization based on 
iron ratios. Iron oxide was added to the food and from the ratio of the 
amount of a given nutrient to the amount of iron in the food and feces, 
the percentage utilization was calculated. Dividing the fecal ratio by the 
food ratio and multiplying by 100 gave the percentage of the nutrient not 
digested. This percentage subtracted from 100 gave the percentage di¬ 
gested. Lignin was used in this investigation because of its highly inert 
character and the relatively large amount that is present in roughages. 
Knott and co-workers (15) illustrated the method of computation in the 
following formula: 

/per cent nutrient in feces per cent iron in feed ....... 

\ per cent iron m feces per cent nutrient in feed/ 

In this investigation rumen was substituted for feces to calculate rumen 
digestion coefficients and lignin was substituted for iron when the lignin 
ratio was being used. 

A Beckman pH meter was used to obtain the pH values of the rumen 
contents at regular intervals during the day on the 10-, 20- and 30-pound 
levels. Values on a ration of hay, silage and concentrate were also recorded. 
Rumen and rectal temperature readings were taken with the pH readings. 

Barrel circumferences and body weights were recorded for various ani¬ 
mals in the experimental herd receiving different levels of alfalfa hay or 
green alfalfa. These data were usually taken every third day just before 
feeding in the afternoon. 
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RESULTS 


Analyses of the alfalfa hay, rumen contents and feces at the various 
levels of hay consumption are given in table 1. It will be observed that the 
combined values for lignin and cellulose approach the value for new crude 
fiber and that the values for true fat vary independently of variations in 
ether extract. The biological value of these determinations is readily ob¬ 
served by referring to table 3 and noting the greater digestibility of other 
carbohydrates and new nitrogen-free extract in comparison to the nitrogen- 
free extract. The lower digestibility of new crude fiber compared with 
crude fiber and the characteristic digestibility of the lignin and cellulose 
fractions may also be seen. True fat was much more highly digestible than 
ether extract. 


TABLE 2 


Rumen and total digestion coefficients on the basis of iron and lignin ratios 


Nutrient 


Coefficients of rumen Coefficients of total 

digestion digestion 


30-lb. 

20-11). 

10-lb. 

30-lb. 

20-lb. 

10-lb. 

level 

level 

level 

level 

level 

level 


Iron ratios 


I)rv matter . 

25.0 

57.6 

47.9 

60.4 

73.1 

66.7 

Protein .. 

38.3 

65.7 

64.6 

71.9 

81.2 

79.4 

Ether extract . 

15.7 

48.2 

25.7 

32.4 

49.1 

53.4 

True fat . 

- 58.9 

46.3 

37.3 

64.0 

89.7 

74.9 

Crude fiber . 

- 0.9 

39.2 

25.8 

51.7 

66.9 

56.4 

N-free extract . 

51.0 

71.9 

65.3 

69.9 

76.1 

74.2 

Lignin . 

— 41.0 

18.5 | 

1.9 

21.9 

49.1 

40.2 

Cellulose . i 

25.5 

49.6 1 

39.3 

63.6 

73.1 

65.1 

Other carbohydrates 

70.9 

88.3 

85.7 

80.6 

84.7 

88.7 

New crude fiber . 

- 2.0 

1 37.2 

20.3 ! 

45.3 

61.7 

55.2 

Now N-free extract 

97.6 

94.2 

100.0 

99.1 ] 

92.5 

91.2 


Lignin ratios 


I)rv matter 

47.5 

48.7 

46.7 

49.5 

46.3 

45.2 

Protein . 

55.5 

57.8 

63.8 

63.3 

62.8 

65.5 

Ether extract . 

40.0 

35.1 

24.5 

13.2 

- 1.8 

20.8 

True fat . 

-13.8 

33.2 

34.8 

53.4 

71.2 

57.9 

Crude fiber . 

28.2 

25.1 

23.7 

38.1 

35.7 

27.3 

N-free extract . 

64.9 

65.5 

64.5 

61.4 

52.3 

56.8 

Cellulose . 

47.4 

38.3 

38.1 

53.2 

46.3 

41.6 

Other carbohydrates . 

78.0 

85.4 

84.9 

80.3 

69.4 1 

81.1 

New crude fiber . 

27.1 

22.8 

18.7 

29.8 

22.7 

25.3 

New N-free extract . 

98.0 

93.3 

100.0 

98.9 

86.3 

84.9 

Iron . 

27.5 

- 22.8 

-2.6 

- 27.5 

-100.0 ! 

-64.2 


Table 2 presents the rumen and total digestion coefficients calculated on 
the basis of lignin and iron ratios. Most of the coefficients obtained for 
rumen digestion by means of lignin ratios closely approach the actual values 
for total digestion given in table 3. Although the calculated total digestion 
coefficients at the 10-pound level compare favorably with the actual coeffi¬ 
cients for that level, the calculated values for the other two levels are con- 
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t Lignin was assumed to be indigestible to facilitate calculations. 
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siderably lower than the actual coefficients. Calculations of rumen diges¬ 
tion with iron ratios gave highly variable results which were unusually low 
at the 30-pound level and somewhat high at the 20-pound level. The un¬ 
usually high coefficients of total digestion obtained by using the iron index 
are explained by the negative iron balances in table 3. 

The data presented in table 3 show the digestion coefficients of the vari¬ 
ous nutrients in the rumen on the basis of the lignin ratio, the total digestion 
coefficients obtained by digestion trials and the percentage of the total diges¬ 
tion that occurred in the rumen. The more simple carbohydrates repre¬ 
sented by nitrogen-free extract, new nitrogen-free extract and other carbo¬ 
hydrates disappeared rapidly from the rumen. Digestible cellulose w r as 
largely removed while the feed was in the rumen while digestible crude fiber 
and new crude fiber were less than two-thirds removed before passage of the 
ingesta from the rumen. Of particular note among coefficients of rumen 
digestion is the negative coefficient of -13.8 per cent for true fat at the 
30-pound level. This average value included one coefficient as low as -26.4 
per cent. 

The effect of the level of feeding on rumen and total digestion coefficients 
is shown in table 3. Increased hay consumption resulted in a decreased 
rumen digestion of protein and true fat and an increased digestion of ether 
extract, crude fiber and new crude fiber. Other nutrients did not vary di¬ 
rectly with the level of feeding. Total digestion coefficients did not vary 

TABLE *1 


Effect of the level of feeding on rumen fill, live weight , and barrel circumference 


Dry 

matter 

intake 

Weight of 
rumen 
contents 

Dry 

matter 

Total dry 
matter 

Weight 

of 

animal 

Rumen fill as 
per cent of 
live weight 

Barrel cir¬ 
cumference 

leg. 

kg. 

% 

kg. 

kg. 

% 

cm. 

11.9 

61.7 

14.3 

8.8 

367 

16.8 

198 

8.2 

62.1 

15.6 

9.7 

. 377 

16.5 

198 

4.1 

63.1 

16.0 

10.1 

376 J 

16.8 

197 

12.2 

62.1 

13.7 

8.5 

406 

15.3 

208 

7.7 

51.3 

12.9 

6.6 

404 

12.7 

204 

4.0 

59.9 

14.2 

8.5 

383 

15.6 

193 

4.0 

29.3* 

14.5 

4.2 

368 

8.0 

191 


* Rumen contents removed 24 hours after feeding. 


appreciably when the level of feeding was increased from 20 to 30 pounds. 
The change resulted in a slightly lower digestibility of nitrogen-free extract, 
new nitrogen-free extract and true fat and an increased digestibility of ether 
extract and new crude fiber. All constituents were less digestible at the 10- 
pound level than at the higher levels. 

The data presented in table 4 show that the amount and the character of 
rumen fill remained fairly constant regardless of the amount of hay con¬ 
sumed. The data in tables 4 and 5 illustrate that the body weight and 
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TABLE 5 


Effect of the level of feeding alfalfa hay and green alfalfa on barrel 
circumference and live weight 


Cow no. 

D12 

A10 

Dll 

Days fed . 

Lb, of hay . 

Barrel cir.* . 

Live weight t . 

21 33 27 24 

30 15 30 15 

248 239 243 234 

21 33 27 24 

9 40 20 40 

222 227 225 233 

15 18 15 

5 20 30 
206 214 225 
978 1052 1139 

Cow no. 

A4 

266 

264 

Days fed . 

Lb. of hay . 

Lb. of alfalfa! . 

Barrel cir.* . 

Live weight t . 

6 21 9 

40 20 40 

. 100 . 

240 233 240 

1275 1222 1267 j 

6 21 9 

30 . 30 

. 100 . 

218 212 219 

995 915 972 

12 21 

30 15 

241 232 

1153 1091 


* Circumference in centimeters, 
t Weight in pounds. 
t Green Alfalfa. 


barrel circumference increase or decrease directly with variations in dry 
matter intake. The failure of these values to drop when the dry matter 
intake of the rumen fistula cow decreased from 11.9 to 4.1 kg*, was the only 
exception. Feeding green alfalfa, however, resulted in distinctly lower 
values for both live weight and barrel size, although the dry matter intake 
remained the same. 

In figure 1 the diurnal variations in rumen pH at the various levels of 
feeding are illustrated graphically. There was a steady decline in rumen 
pH during the first six hours after feeding. After that time, the pH rose 



Fig. 1. Diurnal variations in the pH of rumen ingesta at various levels of alfalfa 
hay consumption. 
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until a maximum was reached just before feeding in the afternoon. This 
suggests a decrease in fermentation activities in the rumen about six hours 
following feeding. Kumen pH values on the alfalfa hay ration averaged 
6.82 and were definitely higher than the pH values obtained on a ration of 
hay, silage and soybean oil meal. Variations of pH in different regions of 
the rumen at any one time never exceeded pTI 0.3. Generally, the posterior 
region was more alkaline and the reticulum averaged 0.13 pH more alkaline 
than the rumen. These findings compare closely with the results reported 
by Monroe and Perkins (16). Rumen temperature was not affected by time 
after feeding or the level of hay consumption, although the highest values 
were obtained at the 30-pound level. The values ranged from 36.0 to 39.6° 
0. (mean 38.8° C.). If the few low values which resulted from water con¬ 
sumption arc excluded, the mean rumen temperature was found to be 39° G. 
This value was 0.7° 0. higher than the average rectal temperature. The dif¬ 
ference was probably due to the more active fermentation in the rumen. 

discussion 

Value of iron and lignin ratios in determining digestion coefficients. 
Bergeim (14) reported that the iron ratio was a satisfactory method of 
determining food digestion and utilization in certain species but Knott and 
associates (15) reported that the iron ratio was not adaptable to digestion 
studies in the ruminant. Rathnow (23) used the iron index as a measure 
of digestion in the rumen and concluded that it served as a good indication 
of the rate of digestion. By this method he estimated that in three hours 
32.1 per cent, in six hours 48.5 per cent and in nine hours 58.8 per cent of 
the dry matter in the rumen was digested. The data in tables 2 and 3 
demonstrate the unreliability of the iron ratio as a measure of rmnen di¬ 
gestion because the iron accumulated in the rumen in some instances and 
in others it passed from the rumen ahead of the ingesta. 

The accuracy of the lignin index as a measure of rumen digestion is 
dependent upon the degree to which lignin is digested in the rumen. Any 
appreciable digestion of this substance in the rumen would result in low 
values for rumen digestion. The fact that the calculated coefficients for 
rumen digestion are high and in many instances approach or equal the total 
digestion coefficients indicate that lignin was not digested to any significant 
extent in the rumen and is, therefore, a suitable measure for rumen diges¬ 
tion. A comparison of the digestion coefficients for cellulose and new crude 
fiber further indicate that lignin is primarily digested after leaving the 
rumen. Digestible cellulose was largely removed while the ingesta was in 
the rumen but only about two-thirds of the digestible crude fiber was 
digested. The remaining one-third of the digestible crude fiber which was 
digested after leaving the rumen must have been lignin because most of the 
other major crude fiber fraction (cellulose) had been previously digested. 



962 


E. B. HALE, C. W. DUNCAN AND C. F. HUFFMAN 


It is important to have some idea of the type and degree of error that 
would occur in event lignin were materially digested in the rumen. Calcu¬ 
lations based on a comparison of cellulose and new crude fiber coefficients 
indicate that when the highest lignin digestibility coefficient was used (23.7 
per cent) only 10 per cent of the lignin was digested in the rumen. By 
assuming a 10 per cent digestibility of lignin in the rumen, it was found 
that the percentage error in rumen digestion coefficients of highly digestible 
materials such as nitrogen-free extract, other carbohydrates and new nitro¬ 
gen-free extract, would be nil and the coefficients for protein, ether extract 
and true fat would only be a few per cent. The percentage error for fibrous 
materials would be considerable with cellulose digestion coefficients being 
more nearly correct than those for the crude fiber fractions. These data 
indicate that the lignin ratio is a useful tool in ascertaining the digestibility 
of various nutrients in the rumen. Any errors that might occur would be 
negligible with the exception of coefficients for fibrous materials and in this 
instance the error would always be in the same direction, underestimation, 
and could be allowed for. This method of studying rumen activity should 
fill a need for some quantitative measure of rumen digestion and should be 
of considerable value in affording an understanding of the degree and sig¬ 
nificance of rumen digestion compared with the subsequent digestion that 
occurs during the passage of the ingesta through the remainder of the diges¬ 
tive tract. 

Quantitative digestion in the rumen. It should be borne in mind that 
the digestion coefficients obtained by calculations with lignin ratios do not 
necessarily imply that the nutrients are in an absorbable state. Literally, 
they indicate the percentages of the various nutrients that pass from the 
rumen ahead of the lignin. In the case of cellulose and crude fiber the 
coefficients probably indicate completed digestion, whereas the more simple 
carbohydrates would probably be completely broken down and in solution. 
Other nutrients would seem to be sufficiently decomposed to allow digestion 
to be completed rapidly in the remaining portions of the digestive tract. 

The carbohydrate materials included in the nitrogen-free extract, other 
carbohydrates and new nitrogen-free extract passed rapidly from the rumen 
and in most instances 100 per cent of the digestible portion of these materials 
had disappeared from the rumen by the time of sampling. It is probable 
that these more simple carbohydrates did not merely enter solution but that 
some were fermented by rumen bacteria before their passage to the other 
stomach compartments. 

Digestible cellulose was largely removed by the fermentation processes 
of rumen micro-organisms with an average of 93.3 per cent being digested 
in the rumen at the 30-pound level of feeding and an average of 85.0 per 
cent being digested for all levels. Lignin was not digested to any material 
extent while in the rumen but was digested in variable amounts in the 
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remaining portions of the digestive tract. Csonka and co-workers (17) con¬ 
cluded from in vitro experiments that the degradation of lignin occurs in 
the stomach compartments of the cow and is not brought about by bacteria 
but possibly by some enzyme of the gastric juice. About two-thirds of the 
digestible crude fiber fractions and 90 per cent of the digestible dry matter 
were digested in the rumen. 

Rumen digestion coefficients for ether extract were higher than total' 
digestion coefficients indicating an accumulation of ether extractive material 
after passage of the ingesta from the rumen. That this material was non-fat 
iu character is indicated by the fact that even though true fat was readily 
digested, a negative coefficient for ether extract might occur. 

Rumen digestion coefficients for true fat indicate the probable products 
of the rumen digestion of cellulose and other carbohydrate materials. At 
the 30-pound level, at w f hich bacterial activity would be greatest, there was 
an average increase of 13.8 per cent true fat in the rumen and one of the 
individual values included in this average represented a 26.4 per cent 
increase. Only two out of seven rumen digestion coefficients for true fat 
exceeded 20 per cent, while the total digestion of true fat averaged 66.1 per 
cent. Failure to find an increase in fat at the two lower levels may have 
been due to the continual passage of the products from the rumen and also 
to the fact that the samples were taken after the height of digestion had 
passed. These findings indicate the synthesis of fat by rumen micro¬ 
organisms. 

Supporting a synthesis of fat in the rumen are in vitro studies of cellu¬ 
lose fermentation by rumen bacteria by Woodman and Evans (5) and 
Pochon (6). Nicholson and Shearer (18) observed much volatile fatty 
acid in the rumen of animals studied at post mortem. Ritzman and Bene¬ 
dict (19) in discussing the metabolic stimulus of food stated, “in our judg¬ 
ment this average increase of 30 per cent noted with sheep confirms the strik¬ 
ing increase noted with steers on a protein-poor, carbohydrate-rich main¬ 
tenance ration, and suggests again the significance of the old view of 
Grouven that the path of absorption of carbohydrates in the ruminant is 
through the fermentative processes. These processes result in flooding the 
body with a large amount of the lower fatty acids which stimulate metabo¬ 
lism.’ ’ Quittek (3) suggested the synthesis of fat in the rumen but his 
methods were not adequate enough to allow a definite conclusion and 
Krzywanek and Quittek (4) later concluded their results did not indicate 
a fat synthesis. The production of fatty acids from cellulose fermentation 
in vitro and the data supporting the formation of fat in the rumen suggest 
the possibility that the products of rumen digestion may play an important 
role in the physiology of ketosis in cattle. This subject has been discussed 
by Duncan and associates (20). 
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When the removal of the ruman contents was delayed until 24 hours 
after feeding, only a slight increase in rumen digestion coefficients was 
observed. This indicates that rumen digestion of the alfalfa hay was 
practically completed prior to 14 hours after feeding. 

Effect of the level of feeding on rumen fill and digestion coefficients. 
The amount and character of the rumen fill remained fairly constant in 
spite of variations in hay consumption as great as 10 to 30 pounds. This 
finding is in agreement with the data of Ewing and Wright (21) who found 
that the weight and the dry matter content in the rumen of steers receiving 
from 1.66 to 3.84 kg. of dry matter daily did not differ significantly. These 
data indicate that the rumen fill was maintained at a constant level even 
though an increase in the level of feeding was always followed by an increase 
in barrel circumference and live weight. The change in barrel circumfer¬ 
ence was marked but was not perceptible to the eye. Feeding green alfalfa 
resulted in a decrease in body weight and barrel size even though the dry 
matter intake remained the same. 

As the level of feeding increased there was a decrease in the digestion 
of protein and true fat in the rumen and an increase in the digestion of 
ether extract, crude fiber and new crude fiber. The rumen seems capable 
of handling highly variable quantities of roughage with equal efficiency. 
Total digestion coefficients for dry matter, protein, crude fiber, cellulose, 
lignin and other carbohydrates were not affected by increasing the level of 
feeding from 20 to 30 pounds of hay per day, while new crude fiber and 
ether extract were more digestible and only nitrogen-free extract, new 
nitrogen-free extract and true fat were less digestible. These results tend 
to support the conclusion of Watson and associates (10) that the plane of 
nutrition does not have any marked effect upon the digestibility of dried 
roughages. The marked decrease in digestibility which is often associated 
with a high plane of nutrition was not observed in this stud}'. The low 
digestibility of all nutrients at the 10-pound level was attributed to the 
sub-maintenance level of nutrition. Watson and associates (10) and Forbes 
and co-workers (22) also observed a lowered digestibility on sub-mainte¬ 
nance rations. 

Value of lignin and cellulose , new crude fiber and true fat in feed analy¬ 
sis. Partitioning the carbohydrate fraction of alfalfa hay into lignin, cellu¬ 
lose and other carbohydrates was found to be of greater value in estimating 
the biological value of hay than the usual diyision into crude fiber and 
nitrogen-free extract. Other carbohydrates averaged 21 per cent more 
digestible than the nitrogen-free extract, cellulose was 50.0 per cent diges¬ 
tible and lignin varied in digestibility from - 5.1 to 23.7 per cent. 

The values obtained by the enzymatic method for crude fiber gave a 
much sharper distinction between the highly digestible and poorly digestible 
fractions of carbohydrate than the values obtained by the common crude 
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fiber method. By the common method the difference in the digestibility of 
crude fiber and nitrogen-free extract was only 19.5 per cent compared with 
49 per cent by the enzymatic method. Practically 100 per cent of the new 
nitrogen-free extract disappeared in the rumen compared with 65 per cent 
of the nitrogen-free extract and 83 per cent of other carboliydates. The new 
nitrogen-free extract was slightly more digestible than other carbohydrates 
indicating that the material—other than cellulose or lignin—present in the, 
new crude fiber fraction was poorly digestible in character. The enzymatic 
method for crude fiber requires somewhat less labor than the lignin and 
cellulose determinations but more time is required to obtain the results 
because an 8-day incubation period is necessary in comparison to a 12-hour 
incubation period for lignin. 

The true fat values indicate greater significance than the ether extract 
values. True fats were found to be 66.1 per cent digestible, while only 8.6 
per cent of the ether extract was digestible. Attention should be directed 
to the fact that the methods generally employed for the determination of fat 
in feed materials do not completely remove the fat and allied substances. 
In view of the low values obtained in this study for true fat, it is suggested 
that additional methods should be investigated for the complete extraction 
and determination of fat in feeding stuffs. 

SUMMARY AND CONCLUSIONS 

One rumen fistula and five normal Holstein cows received alfalfa hay in 
amounts of 10, 20, or 30 pounds per day. Rumen contents were removed 14 
hours after feeding on six occasions and 24 hours after feeding on one occa¬ 
sion. A total of 11 digestion trials were conducted. The chemical analyses 
which were made on the hay, rumen contents and feces were moisture, pro¬ 
tein, ash, ether extract, true fat, crude fiber, nitrogen-free extract, lignin, 
cellulose, other carbohydrates (by difference), crude fiber by an enzymatic 
method, new nitrogen-free extract (by difference), and iron. 

The use of lignin ratios is proposed as a method of studying quantitative 
digestion in the rumen. This method is useful in studying the significance 
of rumen digestion as related to subsequent digestion in the remainder of 
the digestive tract and is relatively accurate. Iron ratios are not reliable 
for determining rumen or total digestion coefficients. 

An average of 90 per cent of the digestible dry matter passed from the 
rumen before 14 hours after feeding. Digestible nitrogen-free extract, 
other carbohydrates and new nitrogen-free extract were completely removed 
from the ingesta during rumen digestion. Eighty-five per cent of the diges¬ 
tible cellulose had been digested at the time of sampling. Lignin did not 
appear to be appreciably digested in the rumen even though total digestion 
ranged up to 23,7 per cent but digestible crude fiber was two-thirds digested 
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in the rnmen. There was an accumulation of ether* extractive substances 
after the ingesta passed from the rumen. 

True fat was not digested to any extent in the rumen and at the 30-pound 
level of feeding there was an actual increase in true fat. These findings 
suggest the synthesis of fat in the rumen by micro-organisms from such 
materials as cellulose and other carbohydrates. 

Rumen pH on a ration of alfalfa hay was neutral or slightly acid (aver¬ 
age pH 6.82) and the maximum acidity was reached about six hours after 
feeding. A mixed ration gave lower rumen pH values. Rumen tempera¬ 
ture approximated 39° C. 

The character and amount of rumen fill were not affected by the amount 
of feed consumed, although the body weight and barrel circumference varied 
directly with hay consumption. 

As the plane of nutrition increased the rumen digestion of protein and 
true fat decreased while that of ether extract, crude fiber and new crude 
fiber increased. Total digestion coefficients for nitrogen-free extract, new 
nitrogen-free extract and true fat decreased as the level of feeding increased 
from 20 to 30 pounds. The other nutrients were either not affected or 
increased slightly in digestibility. The low digestibility of all nutrients 
at the 10-pound level was attributed to the sub-maintenance level of nutri¬ 
tion. 

The separation of the carbohydrate fraction into lignin, cellulose and 
other carbohydrates is a better index to the biological value of alfalfa hay 
than the present division into crude fiber and nitrogen-free extract. The 
values obtained by the enzymatic determination of crude fiber gave a much 
sharper biological distinction between the two carbohydrate fractions than 
the standard method. Inasmuch as true fat averaged 66.1 per cent diges¬ 
tible and ether extract only 8.6 per cent, it is evident that the true fat 
determination is of greater biological significance than the ether extract 
determination. 
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A RAPID COLORIMETRIC METHOD FOR THE DETERMINATION 
OF LACTIC ACID IN MILK 

BURDET HEINEMANN 

Chief Chemist, Producers Creamery Company, Springfield, Mo. 

Many methods for determining lactic acid in biological fluids have been 
reported. Several have been applied successfully to dairy products. Most 
of these methods, however, are too time consuming to be used regularly in 
the control laboratory. A search was made, therefore, for a method which 
was both rapid and reliable: A method using a simple procedure for the 
removal of interfering substances; a simple oxidation procedure; and a 
simple means of estimating the quantity of lactic acid present. 

The method Mendel and Uoldscheider (5) used for determining the lactic 
acid in blood seemed to be the most promising, but when applied to milk 
gave unreliable results. Many variations were tried, one of which is re¬ 
ported below. The method for removing interfering substances is almost 
identical with that described by Troy and Sharp (7). Their work on pre¬ 
cipitation procedures was repeated to determine the most satisfactory tech¬ 
nique to be used in conjunction with the colorimetric method, but no change 
was found necesssary. 

PROCEDURE 

Weigh 5 grains of milk in a 50 ml. volumetric flask. Add 30 ml. of 
cold water and mix. Dilute a portion of a 25 per cent solution of copper 
sulphate 1: 3 and add dropwise with agitation 2-8 drops of the dilute solu¬ 
tion to the water and milk mixture until precipitation occurs. Warm the 
flask in hot water until the contents reach 45° C. Add 6 ml. of 25 per cent 
copper sulphate solution and mix thoroughly by rotation. Hold the con¬ 
tents of the flask at 45° to 47° C. for 8 to .10 minutes. Next loosen any curd 
particles which may adhere to the flask with a bent wire. Add G ml. of cal¬ 
cium hydroxide suspension. This suspension is prepared by slaking 300 
grams of the best quality calcium oxide using 1400 ml. water and working 
through a 24 mesh screen after 30 minutes standing. Before mixing the 
lime with the other constituents in the flask, water should be added to bring 
the contents to exactly 50 ml. Then mix until the contents are homogeneous 
and allow to stand at 45° to 47° C. for 10 minutes. Cool to 25° C. and Alter, 
discarding the first, few ml. of filtrate. 

Place 1.0 ml. of the filtrate in a thoroughly clean and dry test tube. 
Hold the test tube in ice water and allow 5.0 ml. of cold concentrated sul¬ 
phuric acid (arsenic free) to run down the side wall of the test tube. Mix 
gently while cooling. Place mixture in boiling water for exactly 5 minutes. 
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Cool in ice water for three. Add 4 drops of a 0.1 per cent solution of veratrole 
in water and mix. Hold in ice water for 60 minutes and compare colors with 
artificial or natural standards. 

Natural standards may be prepared according to Hillig (3). Dissolve 
106.6 mg. of purified lithium lactate in 100 ml. of distilled water. 1.0 ml. 
of this solution contains the equivalent of 0.1 per cent lactic acid. Conse¬ 
quently, to prepare a 0.01 lactic acid standard, 5.00 ml. of this solution is 
diluted to exactly 50.0 ml. and mixed. One ml. of this dilution is then 
placed in a test tube and 5 ml, of concentrated sulphuric acid added. The 
mixture is held in boiling water 5 minutes and cooled in ice water 3 minutes. 
Four drops of a 0.1 per cent solution of veratrole is then added and the color 
observed after 60 minutes. Additional standards may be made by diluting 
the original lithium lactate solution as required. 

Artificial standards which are fairly satisfactory may be prepared ac¬ 
cording to the method of Nordbo (6). Mix 25.0 ml. of a 0.01 per cent solu¬ 
tion of fuchsin in water and 4.75 ml. of a 0.01 per cent solution of Tropaolin 
000. (The mixture must be diluted immediately for a precipitate forms on 
standing.) One tenth ml. of this mixture diluted to 50.0 ml. of solution is 
equivalent to approximately 0.005 per cent lactic acid; 0.25 ml. diluted to 50 
ml. is equivalent to approximately 0.01 per cent and 0.9 ml. diluted to 50 
ml. is equivalent to 0.02 per cent. Nordbo’s standards are only suitable for 
concentrations below 0.03 per cent. Above this percentage, the yellow color 
increases in intensity. Consequently, for a 0.05 per cent lactic acid stan¬ 
dard, it is necessary to add 0.4 ml. of .01 per cent Tropaolin and 1.8 ml. of 
.01 per cent fuchsin to 47.8 ml. of water; for a 0.07 per cent standard, 1.0 
ml. of Tropaolin and 2.0 ml. of fuchsin to 47.0 ml. of water; and for a 0,10 
per cent standard, 2.0 ml. of Tropaolin and 2.0 ml. of fuchsin to 46.0 ml. of 
water. These artificial standards should be checked against natural stan¬ 
dards before using. 


DISCUSSION 

According to the authors, the original test which was applied to blood is 
accurate to ± 0.004 per cent between 0.001 and 0.05 per cent (5) and 1 part 
in 400,000 lactic acid could be detected. Mendel (4) later made two im¬ 
provements which he stated made possible the detection of one part in 
1,000,000. However, when applied to milk, the original test was sensitive 
to 0.01 per cent and had a limited degree of accuracy (± 0.04 per cent). 
With the modification outlined above, the test is sensitive to 0.005 per cent 
and accurate to ± 0,004 per cent between the ranges of 0.005 and 0.12 per 
cent lactic acid providing the procedure is closely followed. 

Mendel (4) has pointed out that small changes in the concentration of 
.the sulphuric acid may lead to inaccurate results. A difference of 2 to 3 
per cent in the concentration may result in as much as a 15 to 20 per cent 
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error. It is wise, therefore, to cheek frequently the color of the artificial 
standards. In this respect, it should be noted that the individual analyst 
should try several different quantities of sulphuric acid ( i.e 4.5, 4.75, 5.0 
ml. etc.,) in the preparation of natural standards in order to ascertain the 
exact amount to add to the 1.0 ml. filtrate to obtain the greatest degree of 
color development for each batch of sulphuric acid. Derviz ( 1 ) describes a 
method for purifying and storing sulphuric acid so as to maintain a con¬ 
stant concentration. 

Mendel (4) makes the recommendation that after the mixture of acid and 
filtrate has been held in boiling water five minutes, it be cooled 2 minutes in 
ice water, veratrole added, and set at 25° C. After 20 minutes, the color 
may be compared with standards similarly treated. This method may be 
employed whenever results of great accuracy are not desired. 

Mendel and Goldsclieider (5) used 0.1 ml. of a 0.125 per cent veratrole 
in 99.8 per cent alcohol. Other investigators suggested 0.05 ml. of a 1: 800 
solution in 96 per cent alcohol ( 6 ), 0.1 ml. of 20 per cent veratrole solution 
in glacial acetic acid ( 1 ) and 0.1 ml. of 20 per cent in absolute alcohol ( 2 ). 
These were all tried, but none gave as satisfactory results as 4 drops of a 
0.1 per cent solution in water. Various solutions of guaicol, hydroquinone, 
and Schiffs reagent were also tried and considered unsatisfactory. 

Although the original method called for a 4 minute heating period, 0.5 
ml. filtrate and 3.0 ml. of cone. H 2 SO 4 , it was found that 5 minute heating 
period, 1.0 ml. filtrate and 5.0 ml. of concentrated sulphuric acid gave more 
uniform results. 

The same substances interfere with this method as those Troy and Sharp 
(7) found to interfere with theirs. Formaldehyde, overneutralization, 
rancidity, sucrose, and products resulting from the heating of milk at or 
near the boiling point for one half hour or longer resulted in high values. 
Mendel and Goldscheider state, however, that acetone, (3-oxybutyric acid, 
acetic acid, urea, uric acid, creatin, creatinin, glycocol, alanine, and pro¬ 
pionic acid, do not interfere with the color development. 

Traces of organic matter interfere with proper color development and 
consequently the test tubes must be thoroughly clean and kept stoppered 
as much as possible during the determination. 

When greater rapidity of testing is required, the precipitate of proteins, 
lactose and fat, may be centrifuged. In this case, cream test bottles (18 
gram body, 9 gram neck, graduated in 1 per cent between 0 and 55 per cent) 
were selected from stock and graduated to contain 50.0 ml. at 20° C. The 
milk was weighed in these bottles which, after precipitation and cooling, 
were placed in a Babcock tester and centrifuged 4 minutes. The centrifu¬ 
gate was then decanted through a fluted filter, the first few ml. of filtrate 
being discarded. 
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SUMMARY 

A rapid colorimetric method for the quantitative estimation of lactic 
acid in milk is described. The steps involved are precipitation of fat, lac¬ 
tose and protein with copper sulphate and calcium hydroxide, filtering, 
adding concentrated sulphuric acid (arsenic free) to the filtrate, heating, 
cooling, and adding veratrole. A red color develops on standing which is in 
proportion to the amount of lactic acid present. 

The test is sensitive to about 0.005 per cent and is accurate to =b 0.004 
per cent between the ranges of 0.005 and 0.12 per cent lactic acid. 
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GROWTH OP CERTAIN ORGANISMS OF IMPORTANCE TO THE 
DAIRY INDUSTRY ON NEW STANDARD MILK AGAR* 

V. D. FOLTZ and L. D. BUSIINELL 

Kansas Agricultural Experiment Slat ion 

The medium used for making counts on milk and other dairy products,, 
which became official July 1, 1939, has created considerable interest as to 
the effect it will have on dairy control practices. This paper deals with the 
relative amount of growth of certain pure cultures of bacteria on the old 
and new standard agars together with the total number of colonies as deter¬ 
mined with these two agars on milk samples collected aseptically from an 
experimental dairy herd. The animals in the herd were divided into three 
groups: Those known to be free of streptococcic mastitis; those suspected of 
the disease because of high leucocyte counts; and those with clinical evidence 
of the disease and with long chained streptococci in the incubated milk. 

RESULTS WITH PURE CULTURE STUDY 

The pure cultures used were a series of pathogenic and noil-pathogenic 
Gram-positive cocci and bacilli of importance to the dairy industry. These 
organisms were examined carefully for purity and identified. The “pyo¬ 
genic” streptococci were all typical of the group as outlined by Sherman 
(1). The two cultures of S. scarlatinae (? name) were from clinically 
typical severe cases of scarlet fever and were of proved toxicity. The 53 
cultures of $. agalactiae were isolated from chronic eases ol* bovine mastitis 
from twenty cows in one herd. These cultures had been isolated from one 
to nine months before being used. The seven, “Animal Pyogenes,” strepto¬ 
cocci w r ere obtained from equine infectious processes. The pure cultures of 
non-pathogenic organisms were obtained from various workers in the field 
of dairy bacteriology. These cultures had been identified by others and 
were re-examined only to determine purity before being used in this study. 

Sugar-free meat infusion agar slants were used as a medium for the cul¬ 
tivation of pure cultures used in this experiment. Within 24-hours after 
inoculation all cultures had grown enough to permit the preparation of 
saline suspensions which could be standardized as to turbidity. Prom these 
suspensions, serial dilutions w r ere made and plated in duplicate. One set 
was poured with old standard agar (2) and the other with new standard 
agar (3). The plates were then incubated at 37° C. for 48 hours. Counts 
were made with: (a) the unaided eye; (b) Quebec colony counter, and (c) 
the 10 x and 30 x wide field binoculars. 

The ability of the organisms to develop observable colonies on the two 
agars is clearly shown in table 1. In case of certain of the organisms, com- 

Beceived for publication March 28, 1940. 
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TABLE 1 


Result of pure culture studies 


Organism 

Strains 

Colony detection on 

New medium 

Old medium 

S . scarlatinae 

2 

Easily countable 

Quebec counter 

None countable, 30 x 
magnification 

S. agalactiae 

53 

All easily countable 

Quebec counter 

5—countable Quebec 
counter 

20—10 x magnification 

10—30 x magnification 

18—none countable 

Animal Pyogenes'* 

7 

All easily countable 

None countable Quebec 

Streptococci 


Quebec counter 

counter 

S. durans 

1 

Easily countable 

Not countable Quebec 
counter 

S. laciis 

1 

Easily countable 

Quebec counter 

Not countable Quebec 
counter 

8. fecalis 

1 

Easily countable 

Quebec counter 

Not countable Quebec 
counter 

S. symogenes 

1 

! 

Easily countable 

Quebec counter 

Not countable Quebec 
counter 

L. bulgaricu8 

4 

1 countable 

3 lion-countable 

None countable 

L. acidophilus 

2 

Easily countable 

1—not countable 

1—difficultly countable 

S. thermophilus 

1 

None countable 

Not countable 

S. liquefaciens 

5 

4 countable 

1 not countable 

4—pin point; not ordi¬ 
narily countable 

1—not countable 

L. casei 

3 

1 countable 

2 countable with difficulty 

Not countable 


plete inability to develop in the new medium is unquestionably due to lack 
of necessary nutrients. With other organisms, S . agalactiae for instance, 
ability to develop on the old medium apparently depends on strain varia¬ 
tion. In all instances, with the exception of the culture of 8. thermophilus, 
one or more strains of each grew well on the new medium. The addition of 
such nutrients as glucose, skim-milk and possibly tryptone makes a more 
suitable medium for the growth of these organisms. 

RESULTS OF PLATE COUNTS ON MILK 

The milk samples were obtained from the following groups of experi¬ 
mental cows: (a) 26 cows known to be free of mastitis; (b) 16 cows 
suspected of mastitis; (c) 26 cows known to have mastitis. All cows in¬ 
cluded in each group had been so classified for a period of at least three 
months and some had been grouped, as above described, for a period of 24 
months. Equal quantities of milk, as far as practicable, were collected 
aseptically from each quarter and taken immediately to the laboratory for 
analysis. 

A summary of the results on milk samples is given in table 2. From an 
examination of these data it is evident that the quality of the milk from the 
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TABLE 2 


Milk sample studies 


Group of cows 

Mastitis free 

Mastitis 

suspects 

Mastitis positive 

Medium 

New 

Old 

New 

Old 

New 

Old 

Number of animals in 

group . 

Log. Ave. count . 

26 

126 

3 

17,500 

77 

26 

47 

1 

12,000 

35 

16 

912 

50 

4,800 

1,145 

16 

389 

30 

4,700 

665 

26 

4,470 

300 

896,000 

4,350 

26 

2,690 

10 

634,000 

2,200 

Minimum count . 

Maximum count . 

Median count . 


three groups is quite different. The minimum, median and maximum 
counts on the three groups of cows has been determined. In all instances 
the minimum and maximum counts from the same animal were consistently 
higher in the new medium. The median count for each group of samples in¬ 
dicates that the new medium gives counts about double those obtained on the 
old medium. 

In addition to the above described examples of the superiority of the new 
agar, it is of interest to compare the results obtained by using “new,” “old” 
and meat infusion blood agars in a study of an epidemic of septic sore 
throat involving approximately forty cases. The total count per ml. milk 
from the involved quarter of the animal responsible for the epidemic as 
plated on the “old,” “new” and blood agars was 5,800, 149,000, and 115,000, 
respectively. On blood agar 105,000 or 91 per cent of the total number of 
colonies counted were beta-hemolytic streptococci which were later found to 
belong to Lancefield group A. 

CONCLUSIONS 

It is clearly shown by this investigation that the pyogenic streptococci 
which were studied responded well to the new medium. The other strepto¬ 
cocci and lactobacilli did not show the same degree of response; but growth 
was definitely improved in the case of most, but not all, of the organisms. 

Milk from three groups of cows, in a mastitis control project, individu¬ 
ally and collectively, showed definitely, higher plate counts when the new 
medium was used. 

When the milk from an animal responsible for an outbreak of septic sore 
throat was plated on the new medium, there was a higher count than when 
blood agar was used. However, the use of blood agar is essential in the 
detection of such organisms and should be used in all such investigations. 
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A STUDY OF THE REDUCING SYSTEM OF MILK* 

I. A. GOULD 

Department of Dairying, Michigan Slate College, East Lansing, Mich. 

Since the introduetipn of the chemical method for the determination of 
ascorbic acid in biological materials, numerous studies have been conducted 
dealing with the ascorbic acid content of milk. However, to date, little 
attention has been given to the possibility that milk may contain other reduc¬ 
ing substances, which, under certain conditions, may exert an influence 
similar to that exhibited by ascorbic acid. This study was conducted, 
therefore, with the view of determining the total reducing power of milk 
as measured by potassium iodate titration procedure, and then ascertaining 
the proportion of this power which is contributed by ascorbic acid. 

Two reducing substances which are present in many biological systems 
and which have attracted considerable attention of research workers are 
ascorbic acid and glutathione. Fresh raw milk contains usually from 15 
to 30 mg. of ascorbic acid per liter (5, 16, 11, 2), which exists in its entirety 
in the reduced form (9). Age, aeration, sunlight, and contamination with 
copper cause a destruction of the ascorbic acid in milk (16, 15, 14, 4), 
whereas heat, per sc, exerts only a negligible effect upon the ascorbic acid 
content (2, 4). 

The presence of glutathione in milk is disputed. Martini (10) reports 
that milk contains about 8 mg. per cent, but Jackson (6) Gould and Sommer 
(3) and Josephson and Doan (8) were unable to secure positive nitroprus- 
side tests on normal raw milk. However, treatment of raw milk with 
sodium cyanide results in positive nitroprusside reactions (3, 6). 

Jackson (7) observed that* fresh, anaerobically drawn milk exhibited 
much greater reducing power than did the same milk if exposed for a few 
minutes to the atmosphere. "Whether this indicates the presence of a strong 
reducing substance in milk which is quickly oxidized by atmospheric oxygen, 
or whether the change is merely due to the diffusion of oxygen into the milk 
has not been shown. 

In addition to ascorbic acid, and probably glutathione or cysteine, the 
flavin system of milk is also of importance in connection with oxidation- 
reduction phenomena (4, 7). Jackson found that when whey concentrates 
were a<|ded to milk, the decoloration of methylene blue was greatly hastened. 

EXPERIMENTAL METHOD 

The methods used were those suggested by the work of Woodward (17) 
and DeWitt. and Sure (1). The KI0 3 titration procedure of Woodward 

Received for publication April 4, 1940. 
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and Fry (18) was utilized to measure that power which may for convenience 
be called the “total reducing power” of the milk. The method is known to 
measure both the glutathione and the ascorbic acid content and has been 
used for that purpose (1, 17). The ascorbic acid was determined by the 
2, 6-dichlorophenolindophenol titration procedure adapted to milk by 
Sharp (11). 

The KIO a method of Woodward and Fry (18) for glutathione in blood 
was modified only insofar as to permit the titration of a more concentrated 
filtrate. Forty milliliters of milk were diluted with 50 ml. of water, and 
the proteins precipitated with 10 ml. of molar sulfosalicyiic acid solution. 
Ten milliliters of the filtrate were titrated with 0.001N KI0 3 solution. The 
filtrate possessed a pH well under 2. Comparisons of this slightly modified 
procedure with the original micro procedure were made on fresh raw milk, 
and close agreement between the methods was secured. 

The use of iodoacetate to block out the -SH groups was made, in general, 
on the basis of the work of Schultze, Stotz, and King (12). 

Milk used for the study was in most instances obtained directly from the 
College herd. It was collected in such a manner as to eliminate contamina¬ 
tion with copper. The heating of the milk was conducted in a glass flask 
suspended in a boiling water bath. Temperatures were controlled well 
within the limits of 0.5° C. 


RESULTS 

Comparison of total reducing capacity with that contributed by ascorbic 
acid: The titration of milk with the 0.001N solution of KI0 3 gave values 
which were surprisingly high when calculated as glutathione or ascorbic 
acid. These results are presented in table 1, columns (1) and (2). These 
values range approximately from 119 to 192 when calculated as mg. of gluta¬ 
thione per liter, or from 34 to 55 when expressed as mg. of ascorbic acid per 
liter. 

That the KI0 3 values arc decidedly higher than would be the case if the 
ascorbic acid alone were responsible may be seen by comparing col umns 
numbered two and three. The actual ascorbic acid values, as determined 
by titration with 2, 6-dichlorophenolindophenol, range only from 11.8 to 21.9 
mg. per liter, as contrasted to the approximate range of 34-55 mg. per liter 
obtained from the KIO* titration. As shown in the final column, the 
ascorbic acid usually accounted for only 30-40 per cent of the total reducing 
action of the milk as determined with KIO s , although in certain trials the 
ascorbic acid accounted for from 40 to 60 per cent of the total reducing 
power. 

Influence of sunlight and copper on the total reducing, capacity: Further 
evidence to show that the KIO a titration values are due only partially to 
the ascorbic acid was obtained when fresh raw milk was exposed either to 
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TABLE 1 

Companion of 2, 6-dichlorophenolindophenol and KIO 8 values when calculated 
as ascorbic acid and glutathione 


Sample 

KIOa values 

Actual ascorbic 
acid value 4 

(3) 

Per cent actual 
ascorbic acid 
value of total 
KIOa value 
(4) 

As OSH 

(1) 

As ascorbic acid 

(2) 


mg,/liter 

mg,/liter 

mg./liter 


1 

134.0 

38.29 

12.07 

31.52 

2 

118.9 

33.97 

11.83 

34.82 

3 

144.2 

41.20 

12.51 

30.36 

4 

128.8 

36.80 

13.04 

35.43 

5 

174.8 

49.94 

18.56 

37.16 

6 

191.7 

54.77 

21.93 

40.04 

7 

174.9 

49.97 

15.89 

31.80 

8 

165.7 

47.34 

17.94 

37.90 

9 

158.0 

45.14 

17.48 

38.72 

10 

145.7 

41.63 

15.75 

37.83 

11 

164.9 

47.11 

18.90 

40.12 

12 

121.0 

34.63 

15.79 

45.60 

13 

145.7 

41.63 

21.15 

50.80 

14 

126.3 

36.08 

21.09 

58.45 


* Determined with 2, 6-dichlorophenoliudophcnol. 


sunlight for one hour or treated with 2 p.p.m. of copper for three hours. 
The KI0 3 values secured before and after such treatment and their com¬ 
parison with the correct indophenol values are shown in table 2. 

The KIO a results, when expressed either as glutathione or ascorbic acid 
show rather high values following the treatment of the milk with the sun¬ 
light or with the copper. Contrasted with this is the fact that these two 
agents, i.e., sunlight or copper, destroy the ascorbic acid. In fact, they are 
utilized for this purpose in order to determine the so-called residual titer, or 
blank, in the indophenol titration. The ascorbic acid values shown in the 
table have been corrected for this residual titer. 

The data in table 2 show further that the decrease in KI0 3 values caused 
by sunlight or copper is doubtless due entirely to the ascorbic acid itself, 
and not to any appreciable extent to the other reducing substances which are 
responsible for the remainder of the KI0 3 titer. This may be observed by 
comparing the columns numbered six and seven. The values in these col¬ 
umns show close agreement as indicated by the differences in column seven. 

Use of iodoacetate: If the KI0 3 titer in milk is partly due to -SH link¬ 
ages, iodoacetate should block out such groups and thus decrease the titer 
accordingly. Consequently, trials were conducted in which the milk was 
treated with sufficient iodoacetate to make a 0.1 molar concentration in the 
milk. Following the addition of the iodoacetate, the milk was stored at 4° C. 
for one hour. KI0 3 and indophenol titrations were made on the milk before 
and after treatment. The results of four trials are presented in table 3. 
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TABLE 3 


The influence of iodoacetate on the KIO 8 and 6-dichlorophenolindophcnol 
titration values of milk 



RIO* values as glutathione 

2, 6-dichlorophenolindopkenol 
values as ascorbic acid 


Beforo 

treatment 

After 

treatment 

Before 

treatment 

| After 

treatment 


mg./100 ml. 

mg./100 ml. 

mg./liter 

mg./liter 

1 

13.43 

10.20 

11.38 

12.74 

o 

15.43 

10.58 

17.35 

17.51 

3 

14.95 

11.50 

15.52 

15.52 

4 

12.03 

11.88 

21.09 

19.50 


These data show that the iodoacetate treatment slightly lowered the KI0 3 
values, whereas it had no definite effect upon the ascorbic acid content. The 
KIO a values decreased on the average, to an extent equivalent to approxi¬ 
mately 3 mg. of glutathione per 100 ml. milk. Numerous other trials gave 
similar results. 

Use of zinc dust: To determine the total glutathione content of blood, 
Woodward and Fry (17) added zinc dust to the sulfosalieylic acid filtrate. 
This procedure reduced the oxidized form of glutathione so that it could be 
measured by the KI0 3 titration. On this basis, the same procedure was 
utilized in this study to ascertain if the zinc dust treatment would increase 
the KI0 3 values of milk. Results of four trials are presented in table 4. 


TABLE 4 

The influence of zinc dust treatment on the KI0 3 values 


mm 


| 


1 

2 

3 

4 


K10;, values as glutathione 



Before reduction 

After reduction 


mg./100 ml. 

mg./t00 ml. 


14.18 

14.58 


15.33 

14.95 


12.65 

i 13.43 


| 10.33 

10.10 


These results show the zinc dust to have no definite effect on the KI0 3 
values. The values were substantially unaltered by the reduction, indicat¬ 
ing that milk contains no substance in the oxidized form which may be 
reduced by the method and exposure time used in this experiment. 

Influence of heat on the total reducing capacity: When milk has been 
heated sufficiently high the KI0 3 values are lowered, whereas the ascorbic 
acid content remains practically unchanged. This is illustrated by figure 1. 

This graph show’s that the KIO n values, (expressed as mg. glutathione 
per 100 ml.) undergo marked decreases in milk which has been heated to 
80° C. or above. The value was practically unchanged, however, when the 
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Fig. 1 . The influence of heat on the KIO a values and ascorbic acid of milk. 

milk was heated to 70° C. The largest drop in the KI0 3 values occurred 
between 80° C. and 90° C., and the higher temperature of 96° 0., or 96° C. 
for ten minutes, caused only a relatively small further decrease. The graph 
shows also, that the ascorbic acid content as determined by 2,6-dichloro- 
plienolindoplienol remains substantially unaltered by the heat treatment. 

The fact that the heat treatment had no definite effect upon the ascorbic 
acid indicates that the changes which occur in the KI0 3 values are due to 
decomposition or rearrangement of the other reducing substances involved. 
Further, since temperatures above 90° C. brought only slight further de¬ 
creases in the KI0 3 values, the indications are that the bulk of the reducing 
material which is being acted upon has undergone change, and that the titer 
exhibited by this heated milk is due practically entirely to ascorbic acid 
alone. That this is true is illustrated in figure 1 by the line showing the 
ascorbic acid content expressed in its equivalent as mg. of glutathione per 
100 ml. of milk. It may be observed that the ascorbic acid somewhat more 
than accounts for the KI0 3 values of the milk heated to 90° C. or above. 

DISCUSSION 

The data assembled in this experiment sho w conclusively that milk con¬ 
tains reducing substances, other than ascorbic acid, which are measurable 
by potassium iodate. These reducing substances contribute varying pro¬ 
portions of the total reducing capacity of milk, ranging from 40 to 70 per 
cent of the total. In all cases encountered in this and subsequent studies, 
the total of the KI0 3 values have always exceeded that which is contributed 
by the ascorbic acid alone. Conclusions should not be drawn at the present 
time as to what substance or substances are responsible for this reducing 
action of milk, but the proteins of the milk serum may be involved. 
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Sulfhydryl linkages are not found in milk, consequently it may be logi¬ 
cally assumed that neither cysteine, glutathione, nor thioneine contribute 
to the KI0 3 values. If glutathione were involved, the treatment of the milk 
with copper would have affected the titration values of the non-ascorbic acid 
portion of the reducing materials. Although lactose is a reducing sugar, it 
is unlikely that it contributes to the reducing action, especially at the low 
pH at which the KI0 3 determination is conducted. 

It is interesting to note that the reducing power of the substance respon¬ 
sible for the KIOs reducing ability of milk in excess to that contributed by 
the ascorbic acid is destroyed by heat at temperatures which cause the libera¬ 
tion of volatile sulfides from milk (3). This may be a coincidence. How¬ 
ever, if proteins are involved, then consideration should be given the pos¬ 
sibility that the substance contributing to the heat labile sulfides is also 
responsible for the bulk of the KIO., titer. 

CONCLUSION 

Potassium iodate titration values of milk are greater than they should be 
if ascorbic acid alone were responsible. 

The material in milk responsible for the iodate reducing power of milk 
in excess of that caused by the ascorbic acid is unaffected by sunlight or 
copper under the conditions of this experiment, but is slightly affected by 
treatment of the milk with iodoacetate. 

KIO; } values of milk are not changed by zinc dust reduction of a sulfo- 
salicylic acid filtrate. 

The potassium iodate values of milk are lowered when milk is heated to 
80° C. or above. This lowering is likely due to destruction or rearrangement 
of the non-ascorbic acid portion of the reducing materials. 

Acknowledgment: The author expresses thanks to Prof. C. D. Ball of 
the Biological Chemistry Department for criticisms relative to the manu¬ 
script. 
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THE DISAPPEARANCE OF ADDED GLUTATHIONE IN MILK* 


L A. GOULD 

Department of Dairying, Michigan Slate College, East Lansing, Michigan 

Previously (1), the author observed that when 5 mg. of glutathione were 
added to milk, it was not detected by the nitroprusside test after a 15-minute 
incubation period. However, the same amount of glutathione added to 
milk which had been heated to 76° C. or above produced a positive nitro¬ 
prusside reaction. This indicated the possibility that raw milk destroys 
glutathione, whereas milk which has been heated sufficiently high fails to 
exhibit this destructive property. Consequently, this study was conducted 
to determine quantitatively the disappearance of glutathione when added 
to raw and heated milk. 

Oberst (2) found reduced glutathione to disappear when added to solu¬ 
tions containing egg albumin, casein and blood serum. He found both 
reduced and total glutathione content to decrease rapidly during the first 
2-3 hours of incubation when added to whole blood. When glutathione 
was added to blood serum, the reduced glutathione concentration changed 
from 50.0 ing. per cent to 18.4 mg. per cent in 15 minutes, whereas the total 
glutathione content was reduced from 55.2 mg. per cent to 36.2 mg. per cent 
during the same period. Oberst suggests that the reduction of glutathione 
in protein solutions is due to chemical reaction, the glutathione combining 
with the protein so as to inactivate the sulfhydryl group. 

EXPERIMENTAL PROCEDURE 

Milk used for this experiment was secured directly from disease-free 
cows at the college farm. Porcelain pails were used to collect the milk in 
order to eliminate metal contamination. The milk was held at 4° C. until 
used. 

Glutathione (Pfanstiehls) was added to the milk at the rate of 50 mg. 
per cent and was thoroughly incorporated by stirring the milk frequently 
during the first 15 minutes of the incubation period. The glutathione deter¬ 
mination, conducted essentially by the method of Woodward and Fry (3) 
as outlined in an earlier paper (4), was made on the milk after 15 minutes, 
1 hour, 2 hours and 4 hours of incubation at 20° C. 

Heating of the milk was conducted in a round bottom flask suspended in 
a boiling water bath. Samples of milk were withdrawn by means of a glass- 
tube siphon. Temperatures were accurate within ±. 0.5° C. 
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RESULTS 

Addition of glutathione to raw milk: Three samples of milk were secured 
from individual cows. Glutathione was added at the rate of 50 mg. per 
cent. The rate of disappearance of the reduced glutathione is illustrated 
by figure 1. The results are expressed as the actual glutathione present; 



PERIOD OF INCUBATION CHOURS) 

Fig. 1. The disappearance of reduced glutathione in raw milk (GSH added at rate 
of 50 mg. per cent). 

consequently corrections are made in every case for the original KI0 3 values 
of the milk. 

Figure 1 shows the loss of glutathione in milk to proceed at a rapid rate. 
Following the 15-minute interval the glutathione values are considerably 
below the 50 mg. level. This is especially true of two of the samples. The 
reduced glutathione disappeared at approximately the same rate in all of 
the samples during the 4-hour incubation period. At the close of the 4- 
hour period the glutathione had decreased to values less than 2 mg. per cent. 
In fact, one sample showed complete loss of the glutathione at the close of 
the incubation period. 

Addition of glutathione to heated milk: Glutathione was added at the 
rate of 50 mg. per cent to raw milk and to the same milk which had been 
heated momentarily to 70° C., 80° C., and 90° C. The results are shown 
in figure 2. 

This figure illustrates the stabilization effect of the previous heat treat¬ 
ment of the milk on the glutathione. The raw milk shows rapid disappear¬ 
ance of the glutathione, similar to that shown in figure 1. Heating of the 
milk to 70° C. retarded, but did not prevent, the disappearance of the gluta¬ 
thione. However, when the milk had been subjected to temperatures of 80° 
C. or 90° C., it exhibited no destructive action on the glutathione. Actually, 
there was a slight increase in the glutathione values of these samples during 
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Fia. 2. The stabilization effect of heat on glutathione in milk ((1811 added at late 
of f>0 mg. per cent). 

the 4-liour period. This slight increase may be due to changes in the milk 
which have been brought about by the heat treatment. 

Changes m the reduced and tolaI glutathione content in milk and milk 
serum: The disappearance of reduced glutathione in milk raises a question; 

whether the glutathione is merely changed to the oxidized form, or 
whether it is entirely destroyed. Steps were taken to determine which of 
these processes occurs. 

Glutathione was added at the rate of 50 mg. per cent both to whole raw 
milk and to rennet serum prepared from the same milk. The reduced and 



Fig. 3. The changes of reduced and total glutathione content in raw milk and in 
raw milk serum (GSH added at rate of 50 mg. per cent). 
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total glutathione content was determined after incubation periods as in the 
previous experiment. The total glutathione content was determined by re¬ 
ducing a portion of the sulfosalicylic acid filtrate with zinc dust according 
to the method of Woodward and Fry (3). Thus the difference between 
the reduced and total glutathione content represents the concentration of 
the oxidized form of glutathione. The results of this experiment are shown 
by figure 3. 

The figure shows both the reduced and total glutathione values of the 
milk serum to be above those for the whole milk. The difference between 
the serum and milk values at the beginning of the incubation period is ap¬ 
proximately 6-8 mg. of glutathione per 100 ml. This slightly higher value 
in the serum may be due partly to the dilution effect of the milk casein in 
the case of the whole milk or to a slight tendency of the casein to combine 
with the glutathione. However, the slight difference obtained between the 
two systems indicates that the casein per se plays no significant part in 
causing the disappearance of the glutathione. 

Figure 3 shows further that the rate of disappearance of reduced gluta¬ 
thione is approximately as great in the serum as in the milk, although there 
was a slightly slower disappearance in the case of the serum. 

The third important fact shown by the graph is that the major portion 
of the reduced glutathione which disappears in the milk is completely 
destroyed and is not merely changed to the oxidized form. The reduction 
of the acid filtrate by zinc dust at the various time intervals does increase 
the KlOa titer, indicating that a portion of the glutathione is in the oxidized 
form. However, the difference between the total and reduced glutathione 
after 0.25 hour and 1 hour in the case of the milk, and after 0.25 hour, 1 
hour, and 2 hours in the case of the serum is relatively small, amounting 
roughly to about 2-4 mg. of glutathione per 100 ml. A much wider differ¬ 
ence between the total and reduced glutathione values was secured at the 
4-hour period, the difference amounting to about 15 mg. The total gluta¬ 
thione content appears to be leveling off at about this value at the close of 
the incubation period. 

DISCUSSION 

The actual cause for the destruction of glutathione when it is added to 
raw milk can only be speculated upon. The fact that temperatures of SO¬ 
SO 0 C. stabilize the glutathione may be taken to indicate that the destruc¬ 
tion is enzymic in nature. However, one should not be too prone to accept 
this as being the proper explanation, since these temperatures are sufficiently 
high to cause the formation of volatile sulfides, thus producing a reducing 
system which may be capable of preventing destruction of the glutathione. 
The temperatures which were effective in preventing the destruction, how¬ 
ever, are high enough to destroy the principal oxidizing enzymes of milk. 
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The proteins of milk be involved in the disappearance of the gluta¬ 
thione, although the casein is apparently of little significance in this connec¬ 
tion. If the albumin and globulin of milk are concerned with the destruc¬ 
tion of the tripeptide, the stabilization effect of heat may be due to changes 
in these proteins which occur, and which may, in turn, be correlated with 
sulfide liberation. 

The results herein reported show that when 50 mg. of glutathione are 
added to 100 ml. of milk or milk serum the glutathione is practically gone 
at the end of the 4-hour incubation period. These changes were observed 
by using the nitroprusside test as well as by the quantitative method, 
although only the quantitative results are reported. In other trials in which 
100 mg. of glutathione were used, considerable glutathione remained at the 
close of 4 hours at 20° C. This would indicate that the destroying agent in 
the milk is incapable of causing as complete destruction of this high concen¬ 
tration of glutathione in the 4-hour interval as it does with concentrations 
of 50 mg. per cent. 

conclusions 

Raw milk or rennet serum from the milk causes a rapid disappearance 
of added reduced glutathione. 

The major portion of the glutathione which disappears is destroyed, 
especially during storage periods up to 2 hours, since only a relatively small 
quantity was found to be in the oxidized form. After 4 hours of storage, 
however, a greater proportion of the missing glutathione is found in the 
oxidized form. 

Heating milk momentarily to 80 or 90° C. and then cooling, prior to 
adding the glutathione, resulted in complete stabilization of glutathione. 

A lower temperature of 70° C. was less effective in preventing its disap¬ 
pearance. 
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PROTECTIVE INFLUENCE OF GLUTATHIONE ON COPPER- 
INDUCED OXIDATION OF ASCORBIC ACID IN MILK* 

I. A. GOULD 

Department of Dairying, Michigan Stair College, Kant Landing, Michigan 


The ability of glutathione to be easily oxidized and reduced has aroused 
much interest as to its function in those biological tissues and fluids where it 
is normally present. During the past few years, many valuable contribu¬ 
tions have resulted from research pertaining to the role of glutathione in 
biological systems. Of especial interest, however, insofar as this paper is 
concerned, are those findings which indicate a possible close relationship 
between glutathione and ascorbic acid. 

Hopkins and Morgan (6) found glutathione to protect ascorbic acid 
from oxidation by copper. This protective action was ascribed as being due 
to the fact that the glutathione “forms a stable compound with the copper, 
preventing efficient contact between the metal and its substrate. ” 

Barron, Barron, and Klemperer (1) also found glutathione to efficiently 
inhibit copper catalysis of ascorbic acid and expressed the belief that this 
inhibition may be due to the strong affinity of glutathione for copper to form 
a copper-glutathione complex. These workers found practically complete 
inhibitory action by glutathione as long as there existed more than one mole¬ 
cule of glutathione per atom of copper. 

Differences of opinion exist as to the ability of glutathione to prevent 
enzymic oxidation of ascorbic acid. Hopkins and Morgan (6) observed 
that glutathione protected ascorbic acid from oxidation by the enzyme 
“hoxoxidase,” but that the glutathione was itself oxidized. This protective 
action persisted until the glutathione had substantially disappeared from 
the system. Stotz, Harrer, and King (9) attribute the catalytic oxidation 
of ascorbic acid in certain plant juices to copper present in combination 
with protein material, rather than to a specific “oxidase,” and found that a 
mixture of copper and albumin assumed the characteristic properties of 
these suggested enzymes. However, in later work these workers found 
guinea pig liver brei brought about slow aerobic oxidation of ascorbic acid, 
which they attributed to the “indophenol oxidase-cytochrome system.” 
The glutathione naturally present in the liver brei was unable to protect 
added ascorbic acid from oxidation. This finding may indicate that gluta¬ 
thione is specific for copper catalysis of ascorbic acid, a view held by Barron, 
et al ( 1 ). 

No studies have been reported on the inter-relationship of glutathione 
and ascorbic acid in milk, possibly because glutathione ha^ never been shown 
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to be a normal constituent, of this product. It appeared desirable, however, 
in conjunction with other studies (4), to determine if added glutathione 
would protect ascorbic acid against copper-induced oxidation. Results of 
this study may help to explain the stabilization effect of high temperature 
heat treatment of milk on ascorbic acid, such treatment resulting in the 
formation of reducing compounds (5, 7). In addition, knowledge of the 
glutathione-ascorbic acid relationship in milk may be applied also to other 
biological systems. 

EXPER1 M ENTAL PROCEDURE 

Milk used for this experiment was obtained from individual cows of the 
Michigan State College herd. The milk was collected directly in procelain 
containers, cooled and placed in glass bottles. In order to study the pro¬ 
tective action of glutathione, it was necessary to prevent the disappearance 
of the glutathione which occurs naturally in raw milk (4). This was accom¬ 
plished by heating the milk in a glass flask to 80° C., a temperature which 
was previously found to be sufficiently high to inhibit this disappearance 
(4). Immediately after the heat treatment, the milk was cooled and 
divided into four lots. The lots were treated as follows: 

Lot 1—Control. 

Lot 2—1.5 p.p.iu. of copper as copper sulfate. 

Lot 3—1.5 p.p.iu of copper plus eitjier 25 or 15 mg. per cent of gluta¬ 
thione (Pfanstiohls). 

Lot 4—Either 25 or .15 mg. per cent of glutathione. 

The samples were stored at 4° C. and examined for ascorbic acid and glu¬ 
tathione after 15 min., 1 hr., 2 hrs., 4 hrs., 6 hrs., 24 hrs., and 48 hrs. The 
ascorbic acid determinations were made by titration with 2, 6-dichloro- 
phenolindophenol according to the method of Sharp (8). The glutathione 
determinations were conducted by the macro KIO, ; titration procedure used 
previously (3) and adapted from the micro method of Woodward and Fry 
(11). Corrections were made for the potassium iodate titer of the control 
sample in order to arrive at the actual glutathione content of the samples 
in Lots 3 and 4. 


RESULTS 

The first portion of the experiment consisted of studying the influence of 
25 mg. per cent of glutathione on stabilizing the ascorbic acid against cop¬ 
per catalysis. As stated in the procedure, the milk used in the trials had 
previously been heated to 80° C. to inhibit the disappearance of the added 
glutathione wiiich occurs in normal raw milk. It is recognized that such 
heat treatment will tend to stabilize the ascorbic acid (2, 7). The results 
from individual trials w r ere practically identical. Consequently, averages 
were secured and are graphically showm in figure 1. 
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Fig. 1. Tin* ability of 25 mg. per cent of glutathione to prevent copper-induced 
oxidation of ascorbic acid. (Ascorbic acid as mg. per liter, glutathione as ing. per 100 
ml.). 

Curve 1.Glutathione in sample containing no copper. 

Curve 2—Glutathione in sample containing 1.5 p.p.m. of copper. 

Curve 3--Ascorbic acid in sample containing glutathione and 1.5 p.p.m. of copper. 

Curve 4—Ascorbic acid in sample containing 1.5 p.p.m. of copper but no glutathione. 

This figure* shows glutathione, in the eon cent rati on used, to greatly pro¬ 
tect the ascorbic acid from copper catalysis throughout the 48-hour storage 
period. The ascorbic acid values remained substantially unchanged in the 
milk contain ing both copper and glutathione, whereas it had practically 
disappeared within six hours in the lot which contained copper blit no gluta¬ 
thione. Although the ascorbic acid values for the control Jot are not shown, 
they changed but slightly during the storage period, usually decreasing 
only 2 to 3 mg. per liter. 

Figure 1 also shows the changes in the actual glutathione content in the 
lot which contained added copper and in that, to which no copper was added. 
The 6SII content of the milk which contained no added copper remained 
practically uniform throughout the period, the slight decrease which did 
occur amounting to approximately 4 tug. However, in the presence of 
copper the GSII slowly but definitely disappeared. The GSH value had 
dropped from approximately 23 mg. per cent to 18 mg. per cent during the 
first 24 hours, and had decreased still further to approximately 10 mg. per 
cent by the close of the 48-hour period. Considering that 25 mg. per cent of 
glutathione bad been added to the milk, the results indicate that approxi¬ 
mately 60 per cent of the reduced glutathione had disappeared. 

Somewhat similar results were secured when 15 mg. per cent of gluta¬ 
thione were added to the milk. This is shown by figure 2. In these trials, 
however, the ascorbic acid was not as completely protected as in those in 
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Fig. 2. The ability of 15 nig. per cent of glutathione to prevent copper-induced 
oxidation of ascorbic acid. (Ascorbic acid as mg. per liter, glutathione as mg. per 100 
ml.). 

Curve 1—Ascorbic acid in sample containing glutathione and 1.5 p.p.m. of copper. 

Curvo 2—Ascorbic acid in sample containing 1.5 p.p.m. of copper but no glutathione. 

Curve 3—Glutathione in sample* containing no copper. 

Curvo 4—Glutathione in sample containing 1.5 p.p.m. of copper. 

which 25 mg. per cent of GSH were used. The ascorbic acid content of the 
milk containing 15 mg. per cent GSH plus copper showed slight decreases 
after 24 and 48 hours; the total decrease amounting to approximately 5 mg. 
In contrast to this, the milk containing copper but no glutathione had lost 
all of its ascorbic acid after 6 hours. 

Figure 2 again shows disappearance of reduced glutathione in the milk 
containing added copper, the GSH content dropping from 23 mg. per cent 
after 15 minutes to approximately 3 mg. after 48 hours. Therefore, the 
total loss in GSH amounts to approximately 12 mg. per cent, or 80 per cent 
of the total which was added. The glutathione in the milk which contained 
no added copper showed a slight loss of approximately 2 mg. per cent. 

In connection with the glutathione content of the milk to which no 
copper was added, it may be observed in both figures that the values after 
15 minutes are slightly higher than would be expected on the basis of the 
25 and 15 mg. per cent which were added. This slightly higher value has 
been observed many times, and likely results from changes which have 
occurred in the milk due to the heat treatment to which it was subjected. 

DISCUSSION 

The results secured in this study show that when glutathione is added to 
milk, previously heated to 80° C., it exhibits marked protective action against 
copper catalysis of ascorbic acid oxidation. The concentrations of gluta- 
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thione used in this study, i.c. 15 and 25 mg. per cent, were sufficient to almost 
entirely prevent oxidation of the ascorbic acid for the 48-liour period as 
induced by 1.5 p.p.m. of copper. The inhibiting power of 25 mg. per cent 
glutathione was sufficient to inhibit all oxidation of the ascorbic acid, 
whereas the 15 mg. per cent appeared to be somewhat less effective. 

Although the ascorbic acid was not oxidized in the presence of the gluta¬ 
thione and copper, the glutathione itself was affected. This indicates that 
the glutathione is removed from the system by copper either by oxidation 
or combination. In the trials in which 15 mg. per cent of glutathione were 
added, the slight loss of ascorbic acid may have resulted due to the fact 
that the major portion of the glutathione had been destroyed, thus allowing 
the copper to oxidize the ascorbic acid. It is interesting to note that the 
proportion of glutathione to copper in these trials far exceeds the propor¬ 
tions of one molecule GSII: one atom copper which Barron, et at (1) found 
sufficient to prevent ascorbic acid oxidation. 

CONCLUSIONS 

The addition of 25 mg. per cent of glutathione to milk previously heated 
to 80° C. inhibited copper oxidation of ascorbic acid over a 48-liour period. 
Fifteen mg. per cent of glutathione was only slightly less efficient in pre¬ 
venting the catalytic action of copper. 

Although the glutathione prevented copper catalysis of the oxidation of 
ascorbic acid, it slowly disappeared from the system. 
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CHANGES OBSERVED IN MILK “SHAM FED” TO DAIRY CALVES 1 


G. H. WISE, I*. U. MILLER, and 0. W. ANDERSON 
Dairy Department, South Carolina Agricultural Experiment Station, 

Clcnuon, South Carolina 

The specific digestive roles played by saliva and esophageal secretions 
of ruminants are somewhat obscure. Since the saliva of the bovine pre-, 
sumablv contains insignificant amounts of enzymes, the primary functions 
generally ascribed to the mixed secretions in the mouth are restricted to 
those of a physical nature. The importance of these secretions is readily 
recognized when the diet consists of solid foods but is probably under evalu¬ 
ated when the diet is liquid. Yet milk is listed among the food substances 
that produce the richest flow of saliva (1). 

As is commonly observed, the young calf secretes copious amounts of 
saliva, particularly when nursing. It is reasonable to assume that the secre¬ 
tions of the oral cavity and esophageal passage serve an important role in 
the assimilation and utilization of milk by the animal. Espe (5) observed 
that ingested milk collected from an esophageal fistula increased markedly 
in viscosity, the maximum being reached about seven minutes after collect¬ 
ing and finally disappearing by the end of seven hours. He further sug¬ 
gested that this initial increase in viscosity aids in retaining the milk in the 
abomasum until rennet and/or acid coagulation is complete. 

The foregoing observations and suggestions prompted an investigation 
designed to discover some of the changes produced in consumed milk prior 
to its entrance into the stomach of the dairy calf. 

EXPERIMENTAL METHODS 

Ex-peri menial Subjects. Four fistulated calves, described in table 1, 
were employed in this investigation. The three rumen fistulae were estab¬ 
lished according to procedures already described (12) except for one modi¬ 
fication; that is, instead of waiting for the rumen wall to heal to the skin 
before excising the exposed area of the rumen wall, the opening was made 
immediately after the wall was sutured to the skin. 

The gun-barrel esophagostomy operative technique used was similar 
to that: described by Espe (5). The calf was completely anaesthe¬ 
tized by intravenous injections of a chloral hydrate solution. Subsequently, 
the incision area, a region of the neck between 10 and 20 centimeters pos¬ 
terior to the angle of the jaw, directly over the jugular groove and slightly 
below the. jugular vein was shaved, cleansed and disinfected. A five-centi¬ 
meter longitudinal incision paralleling the esophagus was made through the 
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TABLE 1 

Experimental subjects and systems of milk feeding 


Herd No. 

Breed 

Age 

Type of 
fistula 

Systems of feeding milk 

0-65 

Holstein 

days j 
147 

Ruminal 

Alternating*: Opeu pail and nipple 

A-117 

Jersey 

40 

Ruminal 

Alternating: Open pail and nipple 

A-119 

Jersey 

43 

Ruminal 

Alternating: Open pail and nipple 

42 

Guernsey 

22 

Esophageal 

Nipple only 


* Each system was used one day, two feeds, before changing. 


skin and underlying fascia. The muscles were separated, and the esophagus 
was freed from the surrounding tissue by blunt dissection, taking precau¬ 
tion to avoid breaking any of the blood vessels. The esophagus was severed; 
the two free ends were drawn to the surface and sutured around the 
circumference to the skin at the respective extremities of the incision, 
the terminations of which were rounded to fit the curvature of the 
esophagus. The edges of the skin incision between the ends of the esopha¬ 
gus, a distance of about two centimeters, were also sutured. The wound 
was dressed daily until healing resulted, at which time the stitches were 
removed. 

A rubber tube, inserted into the exposed ends of the esophagus and held in 
place by a string attached to the wall of the tube and passing around the 
neck of the calf, served as a conduit for normal milk feeding. 

Experimental Feeds. Pasteurized whole milk, superheated pasteurized 
whole milk, unpasteurized separated milk and reconstituted separated milk 
were fed in the various experiments. Pasteurized milk was heated at 63°- 
64° C. for 30 minutes, and the superheated milk was heated an additional 
five minutes at 80° C. in order to inactivate any lipase that might have sur¬ 
vived pasteurization. The superheating and the cooling were done im¬ 
mediately before feeding. The reconstituted separated milk consisted of one 
pound of spray-dried milk in nine pounds of water. 

All milk fed, except the reconstituted, was from a composite of the entire 
daily production of a herd of approximately 100 cows in various stages of 
lactation. The average test of the whole milk was 4.3 per cent fat and that 
of separated was 0.05 per cent fat. Whenever it was necessary to store the 
milk, it w r as held at a temperature of 35° F. In no case was the milk 
retained for experimental feeding longer than 10 hours after pasteurization 
or separation. 

Immediately preceding feeding, a sample of the unconsumed milk, con¬ 
trol, was taken for comparing with the consumed, “shara-fed.” These sam¬ 
ples, control and “sham-fed,” were subjected to the same tests under 
standard conditions. 
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Procedures for Sham Feeding Milk. The calves having rumen fistulae 
were fed alternately from open pails on the floor and nipple calf feeders* in 
an elevated position; whereas the esophagostomizcd calf was fed by the latter 
system only. The milk was fed at a temperature of 100° F. twice daily, the 
quantity at each feed amounting to approximately seven per cent of the body 
weight. The time required to ingest a given weight of milk by either system 
was determined by means of a stop watch. 



Fig. 1. Method of ‘‘shorn feeding' f milk via cardial end of esophagus (rumin 
fistulated calf). 

As the milk was consumed, it was withdrawn from either the cardial end 
(figure 1) or the medial section (figure 2) of the esophagus. In the first 
procedure, a glass tube having a rubber conduit attached was inserted 
approximately two inches into the posterior extremity of the esophagus, 
the entrance being made progressively via fistula, ruminal cavity and eardia. 
In order to prevent expulsion of the tube during deglutition, the conduit 
was held in place by hand. Thus a continuous passage was formed permit¬ 
ting the milk to flow from the mouth through the esophagus and conduit into 
an exterior receptacle. 

As a means of ascertaining whether or not the point of the esophageal 
outlet was a factor to he considered, the milk was withdrawn by the second 
method (figure 2). During the collection period, the conduit was in the 
posterior end of the pharyngeal section of the esophagus. 

* Coyner feeder pail, sold by the Armour & Company, U. H. Yards, Chicago, Ill. 
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Vio. 2. Method of “flham feeding” milk via medial section of esophagus (esophago- 
stomized calf). 

In all collections from the conduit the first two or three swallows ol: milk, 
which contained much accumulated saliva and some residues of solid feeds, 
were discarded. The remainder of the material was received as shown in 
figures 1 and 2 and subsequently examined. 

Technique employed in examination of milk. Representative samples of 
control and consumed milks were subjected within 10 minutes after collec¬ 
tion to the following examinations in the order listed: (a) hvdrogen-ion 
concentration, (b) rennet coagulation, (c) curd tension, (d) lipolytic ac¬ 
tivity and (e) gravity creaming. In several eases, samples of milk were 
retained at a constant temperature of 38° C. for two hours, after which 
several of the tests were repeated. 

A. Hydrogen-ion concentration. This was measured with a Beckman, 
glass electrode pH meter. Since the pH of the consumed whole milk changed 
rapidly, this determination was made within two minutes after collection. 

B. Rennet coagulation. Except for the modification of the temperature 
at which the milk was held, the procedures employed in this determination 
were as outlined by Sommer and Matsen (11). Since the body temperature 
of cattle is approximately 38° C., this degree of heat was considered pref¬ 
erable, from a physiological point, to the prescribed 30° C. for tempering 
the milk. 

C. Curd tension. The methods used for measuring curd strength were 
the same as recommended by the committee on Methods of Determining Curd 
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Tension of Milk (2) except that the milk was adjusted to a temperature of 
38° C. instead of 35° C. The measuring apparatus used was the Submarine 
Signal Curd Tension Meter. 

I). Lipolytic activity. The activity of lipolytic enzymes in the various 
samples of milk was estimated according to the general procedure of Nair 
(9). Five mis. of milk were added to 100 mis. of a sterilized sucrose-cream 
substrate. This was incubated at 37° C. for 21 days, during which period 
determinations of the increases in titratable acidity were made at various in¬ 
tervals. Since the rate of increase generally was retarded after six to eight 
days, the lipolytic data recorded in the tables represent the measurements on 
the seventh day. The lipolytic activity was expressed in terms of mis. of 
0.1N • NaOH required to bring 10 gms. of the substrate admixture to the 
neutral point as indicated by phenolphtlialein. 

E. Gravity creaming. The cream volume, or layer, was used as an index 
of the relative stability of the emulsions of various milk samples. The ex¬ 
tent of the fat rising was estimated on samples placed into 100 ml. graduated 
cylinders and held at room temperature for 24 hours, after which the depth 
of the so-called cream layer was measured. 

EXPERIMENTAL RESULTS 

The experimental observations involved several variables: pre-feeding 
treatment of milk, individual calves, and systems of “sham feeding,” which 
were, varied by the method of administration and by the point of col¬ 
lection from the esophagus. The data as presented in tables 2 to 5, in¬ 
clusive, suggest that several of these variables were insignificant factors; 
whereas others were of primary importance. 

Relation of feeding system to the changes produced in the. milk . When 
similar systems of feeding were employed, the trend of changes noted in 
whole milk was essentially the same when collections were made from the 
cardial end of tin* esophagus (table 2) as when made, from the medial region 
(table 3). These results indicated that if the secretions from any one sec¬ 
tion of the esophagus contribute to the alterations of the milk, the pharyngeal 
end is the primary region involved. 

The consumed milk, irrespective of method of feeding, exhibited several 
properties markedly different from those of the control. A comparison of 
the magnitude of the alterations resulting from the two systems of feeding 
indicated that in whole milk the changes of all observed properties were 
more exaggerated when fed by the nipple system than from open pail (tables 
2 and 4), but in separated milk there was no marked difference except in 
lipolytic activity (table 5). 

Individual calves as a factor in the alterations of milk. The data in 
tables 2, 4 and 5 reveal considerable variation in the magnitude of the 
changes in milk “sham fed” to different individuals. The modification of 
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Since contols varied considerably, the average for “sham-fed” milks is expressed in terms of difference from their respective eon- 
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the milk was less pronounced in the case of C-55, an older calf, than in the 
case of either A-117 or A-119. Though these last two were about the same 
age, there was a marked difference in vigor. E-219 was somewhat unthrifty 
and apparently secreted less saliva. Closely associated with the degree ot 
change in the milk consumed by different calves were the rates of consump¬ 
tion. Whether or not this relationship is an a priori condition remains to 
be determined. Since the system of feeding each calf was alternated from 
day to day, the variations attributable to this factor are compensatory and 
consequently do not play an important role in the average. 

Effect of pre-feeding treatment of milk on the changes resulting from 
sham feeding. When pasteurized whole milk was ‘‘sham fed,’’ the prop¬ 
erties of the milk were markedly altered as indicated in tables 2 and 3. 
These changes involved a pronounced reduction in rennet coagulation time, 
a slight increase in curd tension, a striking decrease in pH, an increase in 
cream volume and an augmentation of lipase activity. The trend of the 
changes for “sham-fed” superheated whole milk (table 4) were essentially 
the same as for the pasteurized, but the extent of the modification was some¬ 
what less, except in lipolytic activity. In the case of unpasteurized sepa¬ 
rated milk (table 5) there was a slight reduction in rennet coagulation time, 
a tendency to diminish the strength of the body of the curd, a rise in lipolytic 
activity but no significant change in pH. “Sham feeding” reconstituted 
skim milk (table 3) produced few definite changes other than an increase in 
lipolytic activity. Since the number of determinations was exceedingly 
limited, no specific significance can be ascribed to the apparent increase in 
curd tension, which in the control was relatively low. 

In accordance with reports of other investigators, a comparison of the 
various samples indicates that superheating greatly increased the rennet 
coagulation time (.10, p. 230) and reduced curd tension (2); whereas re¬ 
moval of fat apparently strengthened the curd tension, surface and body, 
but did not affect perceptibly the rate of rennet coagulation. 

Changes in the properties of various samples of milk retained two hours. 
In order to determine the comparative changes in the milk over a period of 
time, the various control and “sham-fed” samples were retained at 38° C. 
for an arbitrary period of two hours. After this time, the tests were re¬ 
peated. A comparison of the changes observed immediately after “sham 
feeding” with those made two hours later is presented in table 6. In the case 
of the pasteurized whole milk little change was noted in the control, but in 
the “sham-fed” there was a continued reduction in the rennet coagulation 
time, a diminution in the curd tension, particularly in the case of the nipple 
system of feeding, and a further lowering of the pH. Except for a slight 
decline in the curd tension of the control sample, the changes in the super¬ 
heated milk were essentially the same as for the pasteurized. In contrast 
with whole milks, the only conspicuous modification of the control separated 
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TABLE 0 


Relative change# observed in various samphs of control and “sham fed” milks retained 
at 38° C. for a period of two hours 






Ilennet 




Kind of milk 

System of 
feeding 

Time of 
observ. 

No. of 
observ. 

coagu¬ 

lation 

I’URl) TENSION 

pH 







time 

Surface 

Body 






min. 

gms . 

gms. 



* Control 

Immcd. 

5 

10.52 

40 

39 

0.35 


2 hrs. 

5 

11.18 

38 

37 

0.51 

Pasteurized 

Open 

1 mined. 

i 

4.31 

48 

41 

0.10 

whole milk 

l'i'i' 

2 hrs. 

7 

1.74 

42 

41 

5.82 


Nipple 

J mined. 

8 

2.35 

49 

44 

5.90 


pail 

2 lira. 

8 

1.24 

31 

3.1 

5.50 


1 Control 

i 

Jmmod, 

2 hrs. 

2 

18.92 

20.99 

24 

18 

24 

18 

0.42 

0.53 

Superheated 

| Open 

1 mined. 

3 

17.38 

27 

27 

0.34 

whole milk 

j pail 

2 hrs. 

i 3 

9.94 

2! | 

21 

0.17 


! Nipple 

I aimed. 

! a 

12.11 

31 

30 

0.30 


i pail 

2 hrs. 

i 3 

1.13 

18 

18 

5.59 


i 

j Control 

I mined. 

o 

11.23 

05 

03 

0.54 


2 hrs. 

2 

30.51 

57 

53 

0.53 

U n pasteurized 

! Open 

j Iaimed. 

! 3 

10.27 

59 

53 

0.45 

skimmilk 

IMiil 

j 2 hrs. 

i 3 

i 8.40 

09 

54 

0.44 


Nipple 

1 mined. 

1 » 

10.30 

! 59 

48 

0.55 


pail 

2 hrs. 

1 * 

8.19 

| fl» 

53 

0.48 


milk was a decreased curd tension; whereas in the “sliam-led” sample there 
was a slight rise in curd strength and an acceleration in rate of rennet 
coagulation but no change in pH. 

From general appearance the viscosity of all milks was augmented by 
“sham feeding.” This reaction seemed to be more evident in whole milks, 
particularly the pasteurized, than in the separated. The viscosity of “sham- 
fed” milk increased rapidly, reaching the maximum within ten minutes, 
but abated slowly as evidenced by its persistence at the end of the two hours 
holding period. 

DISCUSSION 

In view of reported information relative to the properties of bovine 
saliva, it was logically assumed that its combination with whole milk by 
“sham feeding” would result in a mixture having a pH somewhere between 
the values for the two fluids, pH 8.1 for saliva and 6.6 for milk. Preliminary 
observations revealing a reduction of pH below that of the control milk were 
rather baffling; but subsequent experiments helped to clarify these paradoxi¬ 
cal results. A pronounced rancidity accompanying the increased hydrogen- 
ion concentration suggested that lipolysis was involved, which indication 
was substantiated in subsequent tests. A comparison of the hydrogen-ion 
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concentration of “sham-fed” whole milk with that of “sham-fed” separated 
milk indicated that fat was a constituent essential for the change in reaction. 
Thus the decreased pH of the “sham-fed” whole milk becomes explainable 
on the basis of the liberation of fatty acids from the milk fat by lipolysis. 

These results focused attention on the problem of ascertaining the origin 
of the lipolytic agents. Since saliva is generally considered to be devoid 
of lipase, attention was directed toward other sources. Inasmuch as milk 
frequently contains lipase (10, p. 30), the possibility that the increased 
lipolysis in “sham-fed” milk might have been due to the activation of 
enzymes present in the control milk was considered first. This conjecture 
was invalidated by the discovery that “sham-fed” milk previously super¬ 
heated to insure inactivation of lipase manifested as much lipolytic activity 
as the “sham-fed” pasteurized milk. 

Thus it appears that the lipolytic agents are in the fluids that are mixed 
with the milk in the process of consumption. Their origin evidently is either 
in micro-organisms present or in various secretory glands. Preliminary 
bacterial investigations of control and “sham-fed” milks showed a marked 
increase in total numbers of bacteria in the latter. This increase included 
some lipolytic, organisms, which were hardly adequate to account for the pro¬ 
nounced lipolysis of the “sham-fed” whole milk. This suggestive evidence 
merits further investigation. 

As to the glandular origin, the possibility that the lipolytic substances 
are extracellular enzymes cannot be excluded. Koebner (6) detected lipase 
in the saliva of sheep and oxen. Koldayev and Pikul (7) found that saliva 
from the parotid and submaxillarv glands of dogs has definite lipolytic ac¬ 
tion. These reported observations in conjunction with the foregoing results 
are provisional evidence for postulating that the lipolytic activity detected 
in the “sham-fed” milks may be due to secreted enzymes. In addition to 
the probable involvement of the salivary glands, the glands in the pharyn¬ 
geal end of the esophagus (4, p. 239), the function of which has not been 
established, are possibly also implicated. 

The extent to which the various modifications of the “sham-fed” milks 
are attributable directly to lipolysis and the accompanying change in pH is 
not definite. The complex physical and chemical nature of the saliva and 
associated fluids no doubt influences the character of the milk in many ways. 
From a physical standpoint dilution is one of the direct effects. 

As reflected in curd strength measurements, simple dilutions decrease 
the tension (2). The slight initial decrease of this value in the body of 
“sham-fed” separated milk was probably a manifestation of the dilution 
phenomenon, which in whole milk was evidently counteracted by increased 
acidity. This reaction according to Doan (2) toughens the curd as the pH 
drops from the normal (6.4 to 6.7) to approximately 5.9 but decreases curd 
tension from this point down to the isoelectric point (pH 4.7). This phe- 
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3ionieuon is best exemplified by tbe changes observed in whole milk “sham 
fed” from a nipple pail (table 6). 

Before “sham feeding,” the pH was 6.35 and curd tension for surface 
and body, respectively, was 40 grams and 39 grams. Immediately after 
feeding, the respective values were 5.90, 49 arid 44, but two hours later the 
corresponding readings were 5.56, 31 and 31. Throughout, the changes in 
curd tension are small but relatively consistent, which contributes to tlieir 
possible significance. Though lipolysis and dilution evidently are impor¬ 
tant factors affecting the curd tension of “sham-fed” milks, the changes 
probably should not be attributed to these two factors alone. 

The retarding effect of dilution on rate of rennet coagulation was coun¬ 
teracted, in part, by increased acidity. As the pH decreased, there was an 
acceleration in the rate of coagulation, which observation is in accord with 
the results of other investigators (10, p. 232). That the increased acidity 
was not the only accelerating factor is suggested by tbe slight reduction in 
the coagulation time of “sham-fed” separated milk, the pH of which was 
not changed perceptibly. 

Another characteristic of the “sham-fed” milks was their comparative 
stability as manifested by the slight fat rising in whole milk and by the 
prolonged time necessary for wheying to start in both whole and separated 
milks. These properties probably are associated with the increased viscosity, 
a phenomenon also observed by Espe (5). Perhaps one of the primary con¬ 
stituents contributing to the viscosity and tending to maintain a uniform 
distribution of fat in the milk is the mucin of the saliva. 

The quantity of saliva secreted, the extent to which it is mixed with the 
milk and probably the manner of mixing are factors affecting the degree of 
modification of “sham-fed” milks, particularly whole milk. The more copi¬ 
ous the salivary flow and the more the secretions are mixed with the milk, 
the greater are the alterations. The first several swallows of milk come in 
contact with more saliva and other secretions than the remainder, due pri¬ 
marily to the pre-feeding salivary flow, a response to psveliic stimuli. The 
constancy of the salivary flow after milk feeding is initiated remains an 
unsolved problem. 

The amount of salivary secretion apparently varies with the age, w T ith 
the manner of milk consumption and with the vigor of the individual calf. 
As the calves grow T older, the rate of milk consumption accelerates without; 
an apparent commensurate increase in salivary flow, thus resulting in less 
saliva per unit of milk ingested. The nipple system of feeding in contrast 
with the open pail method stimulates salivation and retards the rate of con¬ 
sumption, resulting not only in more saliva per unit of milk but also in more 
mixing. In addition it is possible that the agitation to which the milk is sub¬ 
jected during nursing promotes lipolysis (8). Suppression of saliva secre¬ 
tion apparently is associated with an unthrifty state of the individual, but a 
priori relationships have not been established. 
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According to Dukes (4, p. 234) the character of the food affects not only 
quantity but also quality of the saliva. It is possible that the milk excites 
secretions from glands that are not generally stimulated by other foods. 
Furthermore, the qualitative response of the salivary glands to any one 
dietary constituent perhaps is governed to some extent by the age of the 
animal. Therefore, if the lipolytic activity in “sliam~fed” milks is due to a 
secretory product, it is possible that this reaction is restricted to young calves 
consuming milk. 

It is difficult to assess the true significance of the foregoing in vitro obser¬ 
vations of “sham-fed” milks in terms of specific in vivo reactions. How¬ 
ever, it appears that digestion of milk fat is initiated prior to its passage into 
the stomach of the calf. The accompanying changes, including increased 
viscosity, probably aid in accelerating rennet coagulation in the abomasum, 
which reaction is in accord with Espe’s theory (5). That is, quick and 
thorough coagulation is desirable to prevent flooding of the small intestine, 
which organ is very sensitive. The slightly increased curd tension observed 
does not necessarily adversely affect digestibility of the eoagulum (3) as 
previously suspected. Seemingly, then, the initial digestive changes in milk, 
whole milk particularly, facilitate its subsequent digestion. 

The nipple feeding in comparison with the open pail system augments 
the degree to which “sham-fed” milk is modified. Nursing, in addition to 
aiding in the direct passage of milk to the abomasum (12) evidently pro¬ 
motes initial changes in the character of milk expediting subsequent diges¬ 
tion and utilization. The advantages of the nipple system in pre-gastric 
changes of milks apparently are not as striking in separated milk as in whole. 
However, this must not be considered as an imputation against the practice 
of feeding skiminilk by the nipple method. In the final analysis the fore¬ 
going fundamental observations increase credence in the value of the nursing 
system for feeding milk to young calves. 

summary 

1. Pasteurized and superheated whole milks and separated milk were 
“sham fed” either from open pails or through nipples to fistulated calves. 

2. A comparison of the properties of various samples of “sham-fed” 
milks with properties of their respective controls revealed in the case of 
pasteurized whole milk increases in rate of rennet coagulation, in tension of 
the body of the curd, in hydrogen-ion concentration, in lipolytic activity and 
in cream volume. The corresponding changes in superheated whole milk were 
in the same direction but of less magnitude. Separated milk manifested a 
slight increase in the rate of coagulation, an insignificant decrease in curd 
tension, no pronounced change in hydrogen-ion concentration but a marked 
increase in lipolytic activity. 
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3. Further alterations were evident after retention of the samples at 
38° C. for two hours. Except for a slight increase in pH there were no 
marked changes in the control sample of pasteurized whole milk, but in the 
“sham-fed” samples all initial changes, except for a reduction in curd ten¬ 
sion, were further amplified. The trends of all samples of superheated 
whole milk were in the same direction as in pasteurized whole milk. In the 
separated milk the only notable change in the control sample was a decrease 
in curd tension, whereas in the “sham-fed” sample there was a slight in¬ 
crease in rate of coagulation and in curd tension. 

4. Several of the pronounced changes in the properties of the whole milk 
as contrasted to those of the separated milk were attributed in part to lipoly- 
sis, a reaction probably resulting from enzymes present in saliva and/or 
other secretions of the month and esophagus. 

5. Ingestion of milk through a nipple as compared with consumption 
from an open pail exaggerated the changes in whole milks but produced little 
difference, except in increased lipolytic activity, in separated milk. 

6. The pre-gastrie alterations of milk apparently are of such a nature as 
to expedite subsequent digestion and assimilation. 
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THE EFFECT OF PHOSPHORIC ACID SILAGE ON THE 
ACID-BASE BALANCE IN DAIRY COWS 

O. L. DEPART), EDOUARD PAGJ5, L. A. MAYNARD, R. A. RASMUSSEN, 
and E. S. SAVAGE 

Department of Animal Husbandry, Cornell University, Ithaca, New Yorlc 

The use of mineral acids for the preservation of ensiled erops has raised 
the question of their physiological effects, particularly upon acid-base bal¬ 
ance. There are several reports in the literature, dealing mostly with 
A.I.V. silage which contains hydrochloric acid or a mixture of hydrochloric 
and sulfuric, acids. Hayden and co-workers (4) fed A.I.V. silage to dairy 
cattle as the only roughage for five months. A nearly complete disappear¬ 
ance of bicarbonates in the urine resulted while ammonia excretion increased 
as much as 40-fold. The C0 2 combining capacity of the blood plasma was 
slightly reduced. These effects were not cumulative and did not reach a 
dangerous point. Peterson and coworkers (8) and Bohstedt and coworkers 
(1) report similar changes in blood and urine values when feeding A.I.V. 
silage as the only roughage. The silage was supplemented with four ounces 
of limestone daily in one experiment and, in the second, with one ounce of a 
mixture of 10 parts of CaCO ;t to parts of Na 2 CO { per fifteen pounds of 
silage. Changes occurring in the acid-base balance were considered to be 
of little significance, or at least not dangerous to the health of the animals. 

( ■rasemann (;l) likewise reports urinary acidosis and a reduced alkaline 
reserve of the blood plasma when feeding A.I.V. silage to dairy cows. He 
recommends supplementing the silage either with hay high in mineral ele¬ 
ments or with CaCO; S or NaTICOHe remarks that CaOO.j does not always 
produce the desired results, and that the addition of basic salts is justified 
even when feeding hay as the latter does not always contain a sufficient 
basic surplus. Brouwer and Dijkstra (2) report t he same findings when feed¬ 
ing unneutralized A.I.V. silage. The extent of the physiological changes 
was much diminished when a neutralizing agent was added to the silage. 
Virtanen (12) fed several cows during a winter period with rations con¬ 
taining large amounts of silage preserved with hydrochloric acid. No dis¬ 
turbances were detected other than a change of the urine pH from the alka¬ 
line to the acid side and a great decrease in the amount of combined C0 2 
excreted. When soda or a mixture of soda and limestone was included in 
the ration, the reaction of the urine remained close to normal. 

Mollgaard and Thorbek (5) carried out energy metabolism studies on 
seven cows fed A.I.V. silage. They report that the acidosis developed by 
the addition of mineral acids to silage resulted in a negative calcium bal¬ 
ance and increased enormously the heat production. This increased beat 
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production was sufficient to decrease significantly the nutritive value of the 
fodder. The further statement is made that neutralization with basic salts 
restored a positive calcium balance and decreased the heat production, but 
that the digestibility of the ration was significantly depressed, especially 
when sodium bicarbonate was used. Supplementing the ration with beet 
roots, however, had a very beneficial effect both from the standpoint of 
digestibility and content, of net energy. Schnepf (9, 10) fed silage pre¬ 
served with mineral acids to sheep. He reported that the silage caused a 
negative calcium and phosphorus balance and that the addition of dry hay 
or of a mineral supplement had a favorable effect although a positive 
balance was not restored in every case. 

These reports demonstrate the desirability of neutralizing A.l.V. grass 
silage by the addition to the ration of either basic salts or roughages with a 
high basic surplus. The present paper deals with the effect of feeding phos¬ 
phoric acid grass silage on the acid-base balance of dairy cows and repre¬ 
sents a companion study to one dealing with the chemical changes in this 
type of silage (Page and Maynard, 6). The fact that phosphoric acid is 
normally concerned in the acid-base regulation of the organism and that 
phosphorus is an essential mineral, suggested that this acid might cause 
lesser physiological disturbances than the stronger acids used in preserving 
silage by the A.l.V. process. Three separate experiments are here reported. 

EXPERIMENT I 

Four animals well along in lactation were selected for this first study. 
During a four week preliminary period, the cows were fed corn silage with 
mixed hay and concentrates. The concentrate mixture contained 18 per 
cent of protein and included one per cent of bone meal. The mixed hay was 
composed of timothy, red top, quack grass, alfalfa, blue grass and red 
clover. The corn silage was from a crop that was well eared and at a 
medium stage of maturity. Following the preliminary period, the cows 
were placed for six weeks on a ration of phosphoric acid silage and grain. 
This silage was preserved with 27 pounds of 68 per cent phosphoric acid 
(food grade) per ton of green material. It had the following composition: 
grasses, 50 per cent; clovers, 25 per cent; alfalfa, 20 per cent; and weeds, 5 
per cent. 

During the preliminary period, blood was collected for analysis at the 
end of the 2nd, 3rd and 4th weeks, respectively. Twenty-four hour urine 
collections were made at the end of the 2nd and 3rd weeks. Five blood and 
urine collections were made during the period of acid silage feeding, namely, 
at the end of the 1st, 2nd, 3rd, 4th and 6th weeks. 

The C0 2 combining capacity of the blood plasma was determined with a 
Van Slyke manometric blood gas apparatus (7). The pH of the urine was 
measured with the quinhydrone electrode, the fixed C0 2 with the Van Slyke 
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manometrie blood gas apparatus and the ammonia nitrogen by the Pol in 
aeration method as modified by Steele (11). 

The results of* these analyses for Experiment 1 are summarized in table 
1. Clearly, there was no change in the pH of the urine as a result of feeding 
the phosphoric acid silage. While the fixed C0 2 in the urine was lower in 
every case during the acid silage period, the values during the latter period 
did not reach a sufficiently low level to indicate any tendency to acidosis. 
Clearly, the values for NH.riiitrogen do not furnish any evidence of acidosis 
since they wore actually lower during the silage period. It is also (dear that 
the blood C0 2 combining capacity was not significantly altered. Thus all of 
the data in tabic 1 are in agreement in indicating that there was no ten¬ 
dency to acidosis when the phosphoric acid silage was fed. It should finally 
he staled that no detrimental effect followed the period of acid silage feeding 
with respect to weight, general appearance and milk production of the 
animals. 

EXPERIMENT II 

Four cows in heavy milk production were selected for this experiment. 
They were fed a ration containing phosphoric acid grass silage, mixed hay 
and grain during one period of six weeks and a ration containing molasses 
silage, mixed hay and grain during another period of similar length. The 
grain mixture, mixed hay and acid silage were of the same composition as in 
the first experiment. The molasses silage was slightly higher in legumes 
than the acid silage, its approximate composition being as follows: grasses, 
35 per cent; clovers, 40 per cent; alfalfa, 20 per cent; and weeds, 5 per cent. 

Urine was collected over a twenty-four hour period at the end of the 
2nd and 6th weeks of the first period and at the end of the 1st, 2nd, 4th and 
6th weeks of the second period. Blood samples were taken for the 3rd, 4th 
and 6th weeks of the first period and for the 1st, 2nd, 4th and 6th weeks of 
the second period. The analytical results of this experiment are summa¬ 
rized in table 2. These data clearly show that the pH of the urine was not 
changed as a result of feeding phosphoric acid silage. The changes which 
occurred in the fixed CO* and NIIrNitrogen of the urine are not consistent 
nor significant enough to indicate a condition of acidosis. Likewise, the 
alkaline reserves of the blood plasma show no significant changes from one 
period to the other. It may be concluded that no consistent evidence is 
presented in table 2 indicating that the feeding of phosphoric acid silage 
resulted in any tendency to acidosis, compared to the feeding of molasses 
silage. 

EXPERIMENT III 

In this last experiment, the phosphoric acid grass silage was submitted 
to a somewhat, more crucial test in that the crop thus preserved contained 
only traces of legumes and the grain mixture fed with it in two of the four 
cases contained no neutralizing agent. 
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Four cows, either dry or well along in lactation, were selected for this 
study. These animals were sterile but in thrifty condition. All experi¬ 
mental animals received corn silage and mixed hay for four weeks. The 
corn silage was from a well eared crop at a medium stage of maturity. The 
mixed hay, which was early cut and well cured, contained about 50 per cent 
of legumes. During this preliminary period, twenty-four hour urine collec¬ 
tions were made at the end of the 2nd and 4th weeks. Blood samples were 
taken at the end of the 3rd and 4th weeks. 

The cows were then placed on phosphoric acid silage alone for the next 
four weeks. This silage was made from a timothy crop, early bloom, which 
contained a small amount of other grasses and only a trace of legumes. It 
was preserved with 20 pounds of 68 per cent phosphoric acid (food grade) 
per ton of green material. At the end of this time, two of the animals re¬ 
ceived some grain in addition to the silage during the next four weeks, while 
the other two remained on phosphoric acid silage as the only feed. During 
this period, with the exceptions noted later, urine collections were made at 
the end of the 2nd, 7th and 9th weeks. Blood samples were taken at the end 
of the 2nd, 4th and 7th weeks. 

During a further period of five weeks, the acid silage was neutralized as 
follows: nine ounces of ground limestone per 100 pounds of silage were 
given to one of the cows which had been receiving silage only, and also to 
one of the cows on the silage and grain ration. The other two cows received 
mixed hav in addition to their previous ration: cow No. 2 received an aver¬ 
age of 5 pounds of hay daily and cow No. 4 received 4.5 pounds. The mixed 
hay was early cut and well cured. It contained clover, alfalfa, timothy and 
other grasses. The legumes constituted about fifty per cent of the crop. 
Urine and blood samples were taken after the cows had been on the modified 
rations for two weeks and again at the end of the fifth week. 

When the cows were put on phosphoric acid grass silage as the only feed, 
three of the milking animals dried up quickly. Two of the four animals lost 
flesh and failed to eat properly. Only one cow (No. 4) remained in good 
condition throughout the experiment. All showed some improvement, when 
either mixed hay or limestone was added to their diet. Cow No. 4 showed 
an increase in appetite, in that she cleaned up her feed more readily. 

The results of the blood and urine analyses are summarized in table 3. 
The samples collected during the period of acid silage feeding were not 
entirely satisfactory. One of the cows (No. 1) went off feed during this 
period and was put on a ration containing a variety of feeds for several 
weeks. Table 3 includes only her last set of values in this period, obtained 
after she had been back on acid grass silage and grain for two weeks. One 
set of values for cow No. 4, obtained during the 7th week had to be discarded 
because it was found that sha had been stealing hay from a neighboring 
animal. This point will be taken up later. In the case of animal No. 2, only 
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three of the seven blood samples could be analyzed because the other four 
hemolyzed on centrifugation. Her blood appeared to be abnormally high 
in cell volume. Unfortunately, it was impossible at the time to investigate 
this condition further. 

In spite of these shortcomings, a rather dear picture is presented in 
table 3. It is noted that when the cows were changed from the herd ration 
to the phosphoric acid grass silage alone, there was a marked drop in the 
pH of the urine, a nearly total disappearance of the fixed C0 2 , and a very 
marked rise in the urinary ammonia. These changes were not modified by 
the addition of grain which was made in the ease of two of the cows during 
the last five weeks of period 2. The urinary values for period 3 show that 
when the phosphoric acid grass silage was supplemented by either limestone 
or hay, in the amounts previously stated, the tendency to acidosis was en¬ 
tirely overcome. The values for all urinary constituents became similar to 
those obtained during period 1. 

An interesting bit of evidence relative to the effectiveness of hay in cor¬ 
recting the acid condition was obtained as a result of an imp]aimed con¬ 
sumption of hay by cow No. 4 in period 2. The first values obtained on this 
cow were in agreement with those shown by the other animals. Her next 
values revealed a marked improvement as regards the condition of acidosis. 
She had been observed on one or two occasions to be stealing hay from a 
neighboring cow not on the experiment. This hay was of the same composi¬ 
tion as that fed during the third period and contained approximately 50 
per cent of legumes, mostly clover. When a partition was put in to prevent 
hav consumption by cow r No. 4, the succeeding values revealed the same 
state of acidosis as shown by the other cows. 

In contrast to the above changes which occurred in the urine, it is noted 
in the last three columns of table 3 that the blood COo combining capacity 
w r as not significantly altered by the feeding of phosphoric acid grass silage. 
Thus, it is apparent that the physiological changes reflected so clearly in 
the urine did not affect the alkaline reserve of the blood. This might lead 
to the conclusion that there was no essential disturbance of the acid-base 
balance were it not for the fact, as mentioned earlier, that three of the cows 
w r ere in poor condition as-a result of feeding the phosphoric acid grass silage 
alone. Their condition w r as markedly improved when urinary values were 
brought back to normal by the feeding of either hay or limestone. 

DISCUSSION 

"While the alkaline reserve of the blood w r as not affected by feeding the 
acid grass silage as the sole ration, the effect on the condition of the cows, 
coupled with the marked changes in urine, suggests that grass silage ensiled 
with twenty pounds of phosphoric acid per ton is not a satisfactory sole 
ration for dairy cows hut that some neutralizing agent should be included. 
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While it is generally assumed that urinary acidosis is of little physiological 
importance as long as the alkaline reserve of the blood plasma is maintained 
at a normal level, the present experiments suggest that a normal alkaline 
reserve is not in itself a sufficient criterion of a healthy condition. It is 
possible that more importance should be given to the urine picture than has 
usually been the case. Since cow No. 4 remained in good condition in spite 
of the acidosis revealed by the urine picture, it is also possible that some 
other factor is concerned for which no suitable chemical determinations 
have been made. 

Some comment should be made on the fact that acid silage and grain 
proved satisfactory in Experiment I whereas it; did not in Experiment III. 
In the first experiment, the silage contained a large amount of legumes and 
the grain mixture contained bone meal. In the third experiment, the silage 
was undoubtedly lower in lime and other basic constituents for the reason 
that it consisted almost entirely of grasses. Further, the grain mixture 
contained no hone meal. These differences in the rations fed might explain 
the differences in the results obtained. In the last experiment, the addition 
of grain following a period when the silage was the sole ration did not im¬ 
prove the condition of the animals. This is evidence that the condition was 
not due simply to a lack of a sufficient feed intake. On the other hand, since 
the addition of limestone alone was beneficial, it is apparent that the source 
of the trouble lay with the acidity of the silage. 

summary 

Three experiments involving a total of twelve animals are reported in 
which the changes in the acid-base relations in the blood and urine were 
studied with cows receiving phosphoric acid silage with and without hay or 
limestone. No changes in the blood or mine were observed, as compared 
with the data on a ration including corn and molasses silage, when the phos¬ 
phoric acid silage w r as supplemented with either hay or limestone. The 
feeding of phosphoric acid grass silage alone resulted in marked urinary 
changes indicating acidosis but was without effect on the alkaline reserve 
of the blood. Three of the four animals developed an unthrifty condition 
when fed the silage alone. This condition was relieved and the urine values 
were brought back to normal by the addition of either hay or limestone. It 
is concluded that the phosphoric acid grass silage is a satisfactory feed for 
dairy cows when it is supplemented with hay containing an appreciable 
amount of legume or with limestone. 
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W. B. NEVKNS AND K. E..HARSIIBARGER 
Illinois Agricultural Experiment Station, Vrbana, Illinois 

Illinois produced 29,000 acres, or approximately 13 per cent, of the 
223,000 acres of broomeorn harvested in the United States in 1939. The 
acre yield is somewhat greater in Illinois than in the other five principal 
producing states which accounts for the fact that during the period 1928- 
1939 from 20 to 25 per cent of the harvested crop was grown in this state 
( 1 ). 

In harvesting broomeorn, the brush is removed by hand cutting shortly 
after it has emerged from the enveloping sheath at the top of the plant. At 
this stage the plant is still green, that is, it contains a large amount of 
moisture. As a rule, the brush is the only portion of the crop used and the 
remaining stalks, which may yield several thousand pounds of dry matter 
per acre, are plowed under. In some eases the crop, or a portion of it, is 
permitted to stand until maturity for the production of seed. It appears 
that the principal reasons the stalks arc not used as forage as soon as the 
harvesting of the brush is completed are that the crop is unpalatable and 
supposedly poisonous to livestock. 

Very few reports of experimental studies of the value or possibilities of 
broomeorn as a forage crop are to be found in the literature. Dowell and 
Friedemann (2) of Oklahoma conducted an investigation of the composi¬ 
tion and digestibility of the immature broomeorn seed which is removed 
immediately after harvesting the brush. In this investigation they also 
studied the composition of the stover and the composition and digestibility 
of silage made from the green broomeorn plant. They report that broom- 
corn seed is less valuable as a feedstuff than the grain sorghum although the 
digestion coefficients of the two compare favorably. They report further 
that broomeorn silage kept in good condition, had a pleasant odor, was eaten 
with relish by sheep, and the digestibility of the dry matter of the silage 
was 51.5 per cent. They found that the amount of prussic acid in a sample 
of the whole plant harvested July 6tli was 0.0098 per cent and the amount 
of tannin in the whole plant was about 0.2 per cent and in the seed 0.58 to 
0.86 per cent. 

The objects of the investigation reported herewith were: (a) to deter¬ 
mine the yields of dry matter in the stalk portion of the broomeorn plant ; 
(b) to find a suitable method for the preservation of the stalks as silage; 
and (c) to study the feeding value of the silage. 

Received for publication April 13, 1940. 
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EXPERIMENTAL PROCEDURE 

Seed of the two varieties of broomcorn commonly grown in Illinois, 
namely, Black Jap and White Italian, was drilled in rows 3.5 feet apart in 
May, 1938. Adjoining the broomcorn plot, were plots of Orange sorgo and 
hybrid corn. The broomcorn was cultivated in the same manner as corn. 

Beginning on August 9 and at intervals up to September 20, the crop 
from measured lengths of row was harvested and the yields of fresh matter 
and of dry matter were determined. The yields for August 9 and August 
13 include the brush because on these dates many of the heads (brush) had 
not yet emerged and accurate separation was impossible. 

Portions of the crop of each variety were ensiled in small containers at 
approximately two-week intervals, beginning on August 9. The containers 
were of galvinized iron construction and each held about 100 pounds of 
crop. The crop ensiled on August 9 included the brush but at later dates 
the brush was removed before passing the stalks through the silo-filling 
machine. The cut material was packed tightly by tramping. 

The Black Jap variety reached about the right stage for brush harvest 
on August 22 while the White Italian variety appeared to need 7 to 10 days 
longer to reach this stage. A quantity of each variety was harvested on 
August 22, the brush removed, the stalks chopped by means of a silo filler 
and the cut material collected on a wagon. Small containers were filled as 
on previous dates. After weighing the remainder of the cut material, it was 
sprayed and thoroughly mixed with cane feeding molasses at the rate of 100 
pounds of molasses to a ton of crop. Before application the molasses was 
diluted with an equal weight of water. A wood silo 4 feet in diameter and 

10 feet deep was filled with the silage material of the Black Jap variety and 

another silo of the same size with White Italian. In both the small con¬ 
tainers and wood silos the silage was covered with heavy asphalt roofing 
material and weighted with ground limestone. 

The small containers were opened eight or nine months after filling. In 
most cases samples were taken for determination of dry matter and water- 
soluble acidity, but in some of the containers the silage was completely 

spoiled and no samples were taken. The wood silos were opened 15 to 16 

months after filling and the silage fed to four Holstein cows during a 
double-reversal feeding trial. The experimental periods were four weeks in 
length with a one-week preliminary period and a one-week transition period. 
Comparison of broomcorn silage was made with corn silage. 

EXPERIMENTAL RESULTS 

It was found that both varieties of broomcorn gave large yields of fresh 
matter and of dry matter (table 1). The yields increased rapidly and 
continued to increase in the unharvested portion of the crop even after the 
usual stage for brush harvest. The yield of the Black Jap variety on Sep- 
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tember 20 was less than for the previous harvest date, a difference probably 
accounted for by the extensive breaking down of the plants brought about 
by the development of the heavy seed crop on the brush. 

The White Italian is a larger-growing variety than the Black Jap, with 
larger and taller stalks. Twenty-five consecutive plants in a row of each 
variety were measured on September 20. The average length of the 25 har¬ 
vested plants of the Black Jap variety was 125.6 inches and of the White. 
Italian, 150.6 inches. 

TABLE 1 

Yields 1 of fresh matter and of dry matter In hroomcorn 


Bate 

Variety 

Dry matter 

Yield of crop per acre 1 

of harvest 

in crop 

Eresli matter 

Dry matter 

8— 9- *38 ! 

Black Jap 

Percnt 1 

19.50 

lbs. 

20390 

lbs . 
5140 

8- 9-’38 

White Italian 

10.70 

1 28050 

4875 

8-13-’38 

Black Jap 

22.38 

31125 

0960 

8-13- ’38 

White Italian 

22.57 

39000 

8802 

8-22- '38 

Black Jap 

28.51 

23374 

■ 5589 

8-22-'38 

White Italian 

27.92 

31008 

7308 

8-27—*38 

Black Jap 

30.05 

, 20200 

I 7873 

8-27- ’38 

White Italian 

27.78 

33500 

! 9300 

9-20- >38 

Black Jap 

32.31 

i 20858 

0739 

9-20-*38 

j White Italian 

34.30 

; 28140 

j 9071 


1 The yields reported for the harvests of August 0 and August 13 are for the entire 
harvested crop including the brush. The yields given for the other dates are for the 
harvested plants after removal of the brush. 

The yields of the stalk portion of the hroomcorn crop at the time the 
brush would normally be harvested, which in 1938 was the latter part of 
August, were nearly or fully as large as those of hybrid corn and Orange 
sorgo grown on adjoining plots. Several plots of hybrid corn harvested 
September 12 to 16, yielded from 7000 to 8000 pounds of dry matter per 
acre, while Orange sorgo harvested September 20 yielded 9070 pounds. 

All of the lots of broomcorn ensiled without molasses were either com¬ 
pletely spoiled or in very poor condition when the silos were opened (table 
2). It appeared that insufficient acid was produced to bring about preserva¬ 
tion. Also, hroomcorn ensiled after the usual brush-harvest stage (August 
22 to 31 in this investigation) seemed to lack sufficient amounts of moisture. 
While these results are only preliminary, they point strongly to the conclu¬ 
sion that for best results broomcorn stalks should be ensiled immediately 
following brush harvest and that liberal amounts of molasses or other pre¬ 
servative should be added. 

The broomcorn ensiled in the wood silos on August 22 (Silos 2 and 3, 
Table 2) kept well, and had a good green color, strongly acid odor, and 
pleasant aroma. Several days were required for the cows to become accus- 





TABLE 2 

Results obtained in ensiling broomcorn at different stages of development 
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toiried to the silage and at no time during the experimental periods did they 
consume as much broomcorn silage as corn silage. Broomcorn stalks are 
hard and rigid and in the ensiling process the knives did not cut off all the 
stalks squarely but splintered many of them. These pieces were from two 
to five inches in length and remained hard and sharp even after 15 months 



Fig. 1 . Broomcorn Grown for Silage 
Investigation. Two rows of broom- 
corn photographed on August 20. At 
that time the heads (brush) of the 
Black Jap variety (left) were almost 
ready for brush harvest, while part 
of the heads (brush) of the White 
Italian variety (right) were just 
emerging from the enveloping sheath. 
Height, of man, 6 feet. 


in the silo. The refused portion of the silage, which amounted to 17.8 per 
cent of the silage fed, consisted mainly of these sharp pieces. It is likely 
that fine chopping by a machine with sharp knives would reduce the amount 
of silage refused. 

The broomcorn silage seemed to have good nutritive value, as judged 
by its chemical composition (table 3) and by the milk production of 4 cows 
to which it was fed (table 4). The production of the cows declined more 
rapidly during the broomcorn silage periods than during the corn silage 
periods but this is accounted for in part at least by a lower feed intake when 
broomcorn silage was fed. So far as could be observed, the consumption 
of broomcorn silage had no harmful effects upon the cows. 

The broomcorn silage was found to be high in fiber (table 3). 
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TABLE 3 


Composition of broomeorn silage used in feeding trial 


Variety of 
broomeorn 

Dry 

matter 

Ash 

Total 

protein 

Ether 

extract 

Crude 

fiber 

Nitrogen- 

free 

extract 


% 

% 

% i 

i % 

% 

% 




| Fresh basis 



Black Jap . | 

White Italian . 

30.65 

29.38 

2.50 

2.11 

1.41 

1.34 

0.44 

0.42 

10.74 

10.98 

15.56 

14.53 

Black Jap . 

White Italian . 

100.00 

100.00 

8.35 

7.18 

Dry basis 

4.61 I 1.42 
4.55 | 1.41 

35.04 

37.36 

50.78 

49.50 


TABLE 4 

Summary of results of feeding broomoorn silage in comparison with 
corn silage to dairy cows 


Kind of 
silage 

No. 

of 

cows 

Silage 

fed 

daily 

Silage 

orts 

Feed consumed 
daily per cow 

Test 

of 

milk 

Milk 

yield 

daily 

per 

cow 1 

Silage 

Hay 

Grain 



lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

% 

lbs. 

Broomeorn . 

4 

21.1 

3.8 

17.3 

22.0 

! 13.9* 

3.61 

34.4 

Corn . 

4 

24.0 

0.0 

24.0 

22.0 

13.9“ 

3.72 

35.4 


1 Milk energy in terms of 4% milk computed according to the formula .4 y milk (in 
pounds) +15 x fat (in pounds). 

2 Includes 3 pounds of dried beet pulp. 


SUMMARY 

A small-scale investigation of the possibilities of using broomeorn for 
silage was conducted. Two varieties of broomeorn, Black Jap and White 
Italian, produced large yields of dry matter per acre, the amounts in the 
stalk portion of the plant at the usual brush-harvest stage being as large as 
the amounts in hybrid corn and in Orange sorgo harvested for silage. The 
White Italian is a larger growing variety than the Black Jap and gave 
larger yields of dry matter. 

Broomeorn was ensiled at different stages of development. Best results 
were obtained in the case of broomeorn stalks ensiled at the usual stage for 
brush harvest. 

Silage very low in acidity and with poor keeping qualities was found in 
all silos except those in which the cut crop was treated with molasses at the 
rate of 100 pounds per ton. 

Broomeorn silage was found to be high in fiber content and hard splin¬ 
tered pieces several inches in length were refused by dairy cows. Af ter 
becoming accustomed to the new feed, the cows ate the silage readily though 
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not as freely as when corn silage was fed, and produced only slightly smaller 
amounts of milk than during the corn silage periods. 

The results obtained justify the conclusion that it is possible to make 
large amounts of silage having good keeping qualities and fair feeding 
value from the stalks of broomcorn, the portion of the plant now rarely 
utilized in any way except for plowing under. 
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AGE, LIVE WEIGHT AND MILK-ENERGY YIELD IN 
ILLINOIS COWS 


W. L. GAINES, C. S. RHODE, and J. G. CASH* 

University of Illinois, Urbana, Illinois 

In a previous article it was mentioned (1, footnote 6) that a plan of 
using live weight in connection with Dairy Herd Improvement Association 
records was under trail. This paper reports some of the results of that trial, 
dealing with all the Holstein (957) and Jersey (195) records available cover¬ 
ing the first 8 monthly tests of the lactation without interruption. The 
records were all made under farm conditions, milking twice daily. It is 
impossible to deal with the records beyond the 8th month without in many 
cases encountering serious disturbances associated with advanced pregnancy 
and with management practice. Comparisons are simplified and biological 
meanings are clarified by dealing with the first 8 months of lactation (when 
the usual calving interval is 12 months) as compared with trying to deal 
with the whole lactation, or with fiscal year records. This fact was recog¬ 
nized by Gowen (2) as early as 1920, but the merits and advantages of the 
system are not yet generally appreciated. 

ESTIMATE OF LIVE WEIGHT 

Live weight of the individual cows was determined by use of a chest-girth 
live-weight tape sold by the New York Farm Bureau Federation, Ithaca, 
New York. The determination was made uniformly for each cow at the 
first visit of the tester after the cow calved, that is, within the first 30 days 
following parturition. 

The tape used is marked at one centimeter intervals and each mark is 
labeled with a corresponding live weight in pounds. The following figures, 
taken from the tape, cover the range of size encountered in the present trial : 

Chest girth, cm. 140 150 160 170 180 190 200 210 220 

Live weight, lbs. 507 617 750 908 1085 1261 1437 1614 1790 

AGE, LIVE WEIGHT AND YIELD 

Only 255 of the Holstein records and 163 of the Jersey records include 
age of cow. The relation of age to live weight is shown graphically in figure 
1; that of age to FCM, 2 in figure 2; that of live weight to FCM, in figure 3. 

Received for publication April 18, 3940. 

i Acknowledgment is made to the several testers who secured the live weights and 
reported the records of the cows on which this paper is based. 

3 Symbols are used in this paper as follows: 

PCM = milk-energy yield per day, pounds of 4% milk. (Calories of milk energy = 340 
FCM.) 
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Table 1 proceeds to a more critical analysis of the separate and relative 


TABLE 3 

Influence of live weight (W) and age (A) on milk-energy yield ( FCM ) for cows under 7 
years of age ( Holstein , n - 199; Jersey, n = 140 ) 


Breed 

Partial 

lactation 

Mean 

FCM 

FCM=B W 4- BA 


FCM = a 

f bW 4 dA 

WB 

AD 

* 

a 

3000b 

a 

0 wb/c A d 

Holstein 

1 mo. 

37.7 

30.7 

7.0 

-3.11 

26.33 

3.76 

3.7 

Jersey 

1 mo. 

36.1 

35.6 

0.5 

6.92 

32.56 

0.70 

3.8 

Holstein 

2 mos. 

36.4 

29.5 

6.9 

1.06 

23.44 

1.78 

1.5 

Jersey 

2 mos. 

35.3 

35.5 

- 0.2 

5.28 

35.06 

0.35 

8.1 

Holstein 

3 mos. 

35.0 

28.5 

6.4 

3.83 

20.35 

1.71 

1.3 

Jersey 

3 mos. 

34.3 

34.0 

0.3 

6.08 

33.89 

0.57 

4.5 

Holstein 

4 mos. 

33.7 

28.2 

5.4 

4.51 

19.29 

1.47 

1.5 

Jersey 

4 mos. 

33.3 

32.8 

0.5 

4.99 

32.12 

0.55 

4.7 

Holstein 

5 mos. 

1 32.6 

! 27.7 

4.8 

5.43 

18.10 

1.34 

| 1.5 

J ersey 

5 mos. 

32.4 

31.9 

0.5 

5.56 

30.19 

0.57 

4.3 

Holstein 

6 mos. 

31.5 

27.2 

4.2 

7.23 

36.09 

3 .22 

1 1.5 

J ersey 

6 mos. 

33.4 

31.1 

! 0.3 

5.20 

29.72 

0.50 

j 4.8 

Holstein 

7 mos. 

30.4 

26.8 

I 3.5 

8.54 

14.53 

3.09 

; 1.5 

Jersey 

7 mos. 

30.5 

30.2 

0.2 

5.95 

27.54 

0.53 

4.2 

Holstein 

8 mos. 

29.2 

26.1 

2.9 

9.89 

12.84 

0.96 

! 1.5 

Jersey 

8 mos. 

29.5 

29.9 

- 0.5 

6.48 

26.37 

0.37 

| 5.8 


W = mean W = 1211 pounds for Holstein cows; 822 pounds for Jersey cows. 

A = mean A = 3.93 years for Ilolstcin cows; 3.51 years for Jersey cows. 

or*. = 16(1.5 pounds for Holstein cows; 107.3 pounds for Jersey cows. 

0.1 = 1.481 years for Holstein cows; 1.328 years for Jersey cows. 

influence of age and live weight on FCM, for partial lactations of 1, 2, 3, 4, 
5, 6, 7, arid 8 months. In comparing the partial lactations of different 
lengths it should be borne in mind that differences may be affected by two 
factors: the effect of advance in lactation which may operate differently in 
different cows; the effect of summing or averaging, e.g., the 1-month partial 
lactation is a single one-day test while the 8-month partial lactation is an 
average of 8 one-day tests spaced one month apart. Table 1 deals with cows 
less than 7 years of age in order to have substantially linear regression of 
FCM on age. 

The last 4 columns of table 1 give the results of fitting the equation 
FCM = a -f bW + dA to the individual observations, that is, the observations 
are described by a plane which pivots at a point located at the mean of FCM, 
the mean of W, and the mean of A. The constant b in the equation describes 


W = live weight of cow, pounds (determined within the first 30 days after calving) 
A = age of cow at calving, years 
n = number of cows or records 
a = standard deviation 

T , . sum of squares of deviations from mean 

V = variance =--------- rfl 

degrees of freedom 
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Fig. 1. Ag<* and live weight. Omits 5 Holstein records above 11 years and 5 Jersey 
records above 8 years. 


the slope which the plane takes under the influence of W independent of A; 
and the constant d describes the slope which the plane takes under the in¬ 
fluence of A independent of \Y. The constant a is the mean FCM minus the 
sum of b times mean W and d times mean A. 

A proper comparison of b and d as measures, respectively, of the influ¬ 
ence of live weight, and age on FCM yield requires weighting by the standard 
deviations (cf. 3, page 277). The last column of table 1 gives this weighted 
comparison and according to this point of view, it appears that weight is 
about 1.5 times as influential as age in the Holstein records, and about 5 
times as influential in the Jersey records, in determining milk-energy yield. 

Figure 6 gives a graphic representation of the planes, the equations of 
which are given in table 1, for the 1-month and 8-month partial lactations, 
and serves to give perhaps a more comprehensible picture of the relative in¬ 
fluence of age and weight on milk-energy yield. For example in the Jersey 
8-inonth record, as age increases by 5 years, there is an increase of 1.7 in 
FCM independent of weight; but as weight increases by 600 pounds, there 
is an increase of 15.8 in FCM independent of age. Clearly, live weight 
rather than age is the dominating influence on milk-energy yield. 

Table 1 gives also the constants resulting from fitting the equation FCM = 
BW h DA. This equation, like the one above, describes the observations by 
a plane but in this case the plane pivots at the point of origin (instead of the 
point of means), that is, FCM = zero when weight and age are each zero. It 
assumes that FCM is a multiple of W plus a multiple of A. In case of the 
Jersey records, the multiple of W accounts almost entirely for FCM, leaving 
practically nothing left to be accounted for as a multiple of age. A similar 
condition prevails in the Holstein records, although slightly less extreme in 
the domination of live weight over age. 
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Acr Ar calm mg- my (a) 


Fig. 2. Age and FCM for partial lactation of 8 months. Omits same ages as figure 1. 
Compare figure 4. 


The above relations have very important significance in connection with 
the biological soundness of the much-used system of correcting milk records 
for age of cow. It is clear that correction for age is justifiable only in case 
the initial live weight is unknown, and then only insofar as weight is related 
to age and correctly portrayed by the particular set of age-correction factors 
that may be used. Age correction is an indirect allowance for initial live 
weight. It is biologically unsound and should be superseded by a system 
based on initial live weight, which can be readily used to eliminate the 
indirect influence of age as will be developed in the next section. 



LM£ MKHT - las. (U) 


Fig. 3. Live weight and FCM for partial lactation of 8 months (ages known). The 
solid lines are fitted by least squares; Holstein, FCM = 4.6 + .0205W ; Jersey, FCM = 8.1 + 
J)257W. The broken lines cut the origin and means: Holstein, FCM = .0242W; Jersey 
FCM = .0353W. Power equation, FCM = bW«, curve not shown: Holstein, c = .94; Jersey, 
c ~ .87. Compare figure 5. 
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Fjg. 
figure I, 
FOM/W 



AUf AT CALWM6. - YftS (A) 


4. Ago and FOM/W for partial lactation of 8 months. Omits same ages as 
Straight lines me fitted, including all ages, by least squares: Holstein, 1000 
x23.7 1 .12A ; Jersey, 1000 FCM AV - 37.8 - .58A. Compare figure 2. 


AGE AND FCM, W 


The results (table 1) of fitting the equation, FCM = BW + DA, show that 
D is bin a 11 and suggest that, so far as age is concerned, FCM =BW, practi¬ 
cally. lienee, FCM AV B, a constant so far as age is concerned, and a 
simple rational way to eliminate change in yield with age is to deal with 
FCM AV. Whether FCM/W is in fact independent of age may be tested di¬ 
rectly by an analysis of variance (cf. 3, page 182). The test is to determine 
whether the variance of FCM W is significantly greater between age groups 
than it is within age groups. If it is significantly greater, age differences 
must be considered; if it is not significantly greater, age differences may be 
disregarded. The results are given in table 2. 



iM A t£KHr t & S ( U ) 


Fig. 5. Live weight and FOM/W for partial lactations of 8 months (ages known). 
Straight lines are fitted by least squares: Holstein, 1000 FCM/W^29.0- .0038W; Jersey, 
1000 FCM/W = 44.0 - .0101W. Compare figure 3. 
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Fig. 6. Age, live weight and FCM for partial lactations of 1 mouth (upper plane) 
and 8 months (lower plane). Constants of the equations of the planes, FCM = a + bW 4- dA, 
arc given in table 1. 


TABLE 2 

Analysis of variance , records classified by aye 
(J year inlervah , age classes , ft-td years) 


1000 FCM/W for partial lactation of 



1 mo. 

2 mos. 

3 mos. 

4 mos. i 

i 

5 mos. 

(> mos. 

7 mos. 

8 mos. 

Holstein, n = 255 

V, between groups 

121.7 

324,7 

100.3 

..1' 

84.4 ! 

73.3 

! 59.5 

55.3 

44.6 

V, within groups 

79.7 

73.1 

66.6 

58.5 ' 

50.9 

j 46.0 

42.6 

37.6 

F» .. 

1.53 

3.71 

1.51 

1.44 

1.44 

1.LM) 

1.30 

3.19 

Regression 1 * . 

4-0.40 

4- 0.39 

+ 0.36 

+ 0.35 1 

j 

+ 0.28 

j -1 0.23 

i 

* 0.38 

4 0.32 

1 

Jersey, n = 163 

V, between groups 

131.3 

89.2 

87.1 

84.8 

79.9 

1 69.4 

oo.o ! 

! 

| 53.0 

V, within groups I 

74.1 

53.8 

45.4 

44.2 

41.3 

i 38.5 

37.3 

36.5 

F» . 

1.50 

1.66 

3.92* 

1.92* 

3.93* 

1 1.80 ! 

1.01 ! 

| 3.45 

Regression^ . ! 

- 0.55 

-0.50 

- 0.53 

-0.52 ■ 

- 0.53 

! -0.54 ' 

-0.54 ! 

1 -0.58 


» Test of significance, * Significant at the 5 per cent level. 
*» Change in 1000 FCM/W for an increase of 1 year in age. 


Taking the Holstein 8-month records in table 2 as an example, the ratio 
of the larger variance to the smaller, designated as F, is 1,19. The degrees 
of freedom are respectively 11 and 243. Reference to Snedecor’s (3, page 
184) table shows that in this case an F value of 1.83 is required at the o per 
cent level of significance. The F value, 1.19, is far below the 5 per cent level 
of significance and accordingly we may conclude there are no significant 
differences between age groups with respect to FCM/W. A similar conclu¬ 
sion applies to the Jersey 8-month records. 

The regression of FCM/W on age, table 2, is positive in the Holstein 
records and negative in the Jersey records. This may be due to a breed 
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difference, but a more likely interpretation seems to be that the true regres¬ 
sion in both breeds is zero. FCM/W may be used freely without regard to 
age of cow, and affords a simple rational solution of the “age-correction 
problem” which may be presumed to apply to dairy cows in general. 

TWO RECORDS OP THE SAME COW 

Among the records with age given only 12 Holstein cows and 1 Jersey, 
have two records each. These records for the Holstein cows are shown in 
table 3. Age-corrected (A-C) FCM is based on the factors used by the 
Bureau of Dairy Industry in the proved sire work. 

There are several points of interest in table 3. The variance between 
cows is much greater than that within cows for each of the attributes of 
lactation considered, viz. FCM, age-corrected FCM and FCM/W. With 
respect to FCM and age-corrected FCM cow No. 12 plays a prominent part 
as shown by the variance values (between cows) including and excluding 
this individual. With respect to FCM/W the variance values (between 
cows) are not very much affected by the presence or absence of cow No. 12. 


TABLE 3 

Corrclation Ijt iwc.cn tiro records of the sonic rote with respect to FCM. agc-coerected 
( A-C) FCM and FCM/W for partial lactation of S months 


Cow 

i Age 

i w 


F< 'M 

| A-C FCM | 

1000 FCM/W 

No. 

! i 

o 

! i 

►» j 

1 

o 

i i 

o 

1 

o 

1 i 

_2 

n 

045 

1224 i 

31.0 

42.0 

; 38.0 

46.3 ! 

[ 33.8 

34.3 

o_ 

2 

3 

1020 

1106 | 

33.0 

36.4 

1 40.7 

40.1 

! 32.0 

31.2 

3 i 

i 3 

4 

1110 

1074 ! 

24.2 

24.1 

i 20.7 

25.0 

21.8 

22.4 

4 ! 

! a 

4 

1173 

1 too 

21.3 

31.7 

1 23.5 

32.8 1 

| 18.2 

21.2 

5 ! 

! 4 

r> 

020 

070 

27.0 

30.2 

28.9 

30.4 1 

1 30.1 

30.8 

6 

1 4 

5 

not 

1415 

30.0 

20.0 

i 31.7 

20.2 i 

I 25.6 

20.5 

7 

4 

5 

1200 

1208 

31.4 

20.5 

! 32.5 

26.7 1 

24 2 

21.9 

8 

4 

5 

! 1384 

1243 

28.0 

23.3 

! 29.0 

23.5 | 

! 20.0 

18.7 

9 

5 

6 i 

I 1201 

1402 

35.4 

36.1 

j 35.6 

36.1 i 

| 28.1 

25.7 

10 

6 

7 j 

! 1085 • 

1120 

37.0 

33.8 

37.6 

34.0 ! 

! 31.7 

30.2 

1.1 

6 

7 

1208 

1270 

28.8 

20.0 

i 28.8 

27.1 j 

23.8 

21.0 

12 1 

12 

13 | 

! 1550 

3544 

52.3 

51.8 

! 57.8 

r.8.o | 

33.7 

33.5 


rv. 

between cows 


40.83 

04.40 

54.00 

Cows J 

V. within cows 


13.63 

11.40 

o 

.05 

1-11 1 

I F« 




3.00* 

5, 

.62** 

18. 

.28** 

| 

[ Intraclnns correlation 

0.50* 

0 

.70** 

0.00** 


V, hot ween cows 


114.32 

172, 

.32 

59.07 

COWH J 

V, within cows 


.12 

.50 

10.53 

o 

,7.1 

1—12 1 

1 




9.14** 

16.36** 

21.8.1** 


Intraclass correlation 

0.80** 

0.88** 

0.01** 


a Teat of significance; * Significant at the 5 per cent level; ** Significant at the 1 
per cent level. 


The intraelass correlation in table 3 is a measure of consistency in the 
magnitude of the two records with respect to the given attribute, assuming 
diversity exists between the individual cows. The records are most consis- 
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tently alike for the same cow and unlike for different cows in the case of 
FCM/W. This in itself need not necessarily mean that FCM/W is the best 
measure of lactation. The question turns too much on the true degree of 
likeness actually existing among the several cows involved. To measure 
likeness some quantitative criterion must be used and this necessitates the 
use of a philosophy of some sort. 

The problem may be illustrated by considering the data for cow No. 12 
in table 3. By the age-correction philosophy this cow is by far the best 
one of the lot. By the FCM/W philosophy she is distinguished from the 
others in being a large cow (1550 pounds) but not in any extraordinary 
dairy tendency or proclivity to lactation, being exceeded slightly by one 
and nearly equalled by 3 others in FCM/W. Cannot the biological aspects 
of milking capacity in dairy cattle be put on a more fundamental basis by 
dealing with size of cow and yield per unit size, rather than with yield alone 
or age-corrected yield? This raises the important practical and biological 
questions: Is FCM/W independent of W in these records ? If not, can we 
expect to develop dairy cows to the point where FCM/W is independent of 
W, that is, to the point where milk-energy yield, or lactation work, is pro¬ 
portional to initial live weight? 

LIVE WEIGHT AND FCM/W 

Dealing first with the records where age is known, table 4 presents an 
analysis of variance to test the significance of differences between live weight 
groups with respect to FCM/W in a manner similar to that used in table 2 
for age. 

In the Holstein records, by the F test the differences between live weight 
groups with respect to FCM/W are below the 5 per cent level of significance 
for each of the 8 periods of partial lactation, 1 to 8 months. For the 1-month, 

TABLE 4 

Analysis of variance, records (age known) classified by live weight (100-ponnd intervals, 
weight classes 500-1600 pounds) 


1000 FCM/W for partial lactation of 



1 mo. 

2 mos. 

3 mos. 

4 mos. 

1 5 mos. 

6 mos. 

7 mos. 

j 8 mos. 

Holstein, n = 255 

V, between groups 

48.9 

29.1 

; 35.2 

38.5 

37.3 

37.8 

.- 

39.9 

f 45.6 

V, within groups 

82.7 

77.0 

69.3 

60.4 

52.4 

46.9 

43.3 

37.6 

F» . 

1.69 

2.65 

1.97 

1.57 

1.40 

1.24 

1.09 

1.31 

Regression 1 * . 

+ 0.24 

+ 0.17 

+ 0.03 

-0.02 

-0.10 

-0.18 

-0.27 

-0.38 

Jersey, n = 103 









V, between groups 

125.9 

54.9 

79.5 

83.6 

93.1 

93.8 

93.9 

94.3 

V, within groups 

74.5 

56.0 

46.8 

45.3 

41.7 

38.3 

36.5 

35.3 

F» . 

1.69 

1.02 

1.70 

1.85 1 

2.23 # 

2.45* 

2,57* 

2.67* 

Regression 1 * . 

-0.50 

| -0.48 

-0.71 

-0.65 

-0.74 

-0.78 

-0.84 

-1.01 


» Test of significance, * Significant at the 5 per cent level. 
*» Change in 1000 FCM/W for an increase of 100 in W. 
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2-month, and 3-month partial lactations the regression is positive, that is, the 
large cows yield more milk energy per unit initial live weight than the 
small cows. The regression changes progressively as the length of partial 
Jactation increases. 

In the case of the Jersey records, the regressions are negative through¬ 
out and show a progressive change similar to that for the Holsteins. For 
partial lactations of I to 4 months, the difference between live weight groups 
is below the 5 per cent level of significance; for partial lactations of 5 to 8 
months, the difference is above the 5 per cent level but below the 1 per cent 
level of significance. 

The evidence of table 4 is that FCM/W is substantially independent of 
W for short periods of lactation but a negative correlation tends to appear 
as the length of period used increases. 

Dealing with all the records, table 5 presents ail analysis of covariance 
designed to show the relation between W and FCM/W, in total, and segre¬ 
gated as between herds and within herds. In the Holstein records the total 
correlation starts as -i .03 in the 1-month records and finishes as - .12 in the 
8-month records. While the latter is significant at the 1 per cent level, the 
actual decrease in 1000 FCM W is not large, amounting to only .4 for an 
increase of 100 in W. In the Jersey records the total correlation between 
W and FCM/W is below the 5 per cent level of significance throughout. 
These total correlations suggest the conclusion that FCM/W is independent 
of W. 

When the correlation between W and FCM/W is considered as between 
herds and within herds, there is throughout a relatively large positive corre¬ 
lation as between herds and a relatively small negative correlation within 
herds. That is, large-cow herds yield more milk energy per unit size of 
cow than do small-cow herds. But within a herd, there is a tendency for a 
large cow to yield less milk energy per unit size than her small herd mates. 3 

s The negative regression of FCM \V on W within herds is of an order of magnitude 
that might be expected on the theory that milk-energy yield is proportional to the 3/4 
power of W. This suggests the interpretation that real size, “metabolic body size** or 
“physiologic weight,“ is proportional to the 3/4 power of W rather than to W itself. 
The positive and substantial regression of FCM/W on W as between herds would be ex 
plained as due to differences in herd management with a pronounced tendency for herds 
made up of large cows to have more favorable conditions than herds made up of small 
cows. An alternative to the 3/4 power interpretation is the interpretation (here'pre¬ 
ferred) that the milking potentialities of the large cows within a herd are not as fully 
realized as in the case of the smaller herd mates. 

The fact that the relation between W and FCM/W is different between herds than 
it is within herds raises a question in connection with figure 6. Is the relative influence 
of weight and age on milk-energy yield the same within herds and between herds as it is 
in total as pictured in figure fi? The present records are not adequate to deal with this 
question. 



Analysis of variance and covariance with respect to W and FCM/W, records classified 
by herds (SO Holstein herds, mean W, 986 to 1335; dl Jersey herds t 
mean W, 745 to 955 ) 


1040 


W. L. GAINES, C. S. RHODE AND J. G. CASH 


© © © 
I + I 


04 

© on od 
co 04 


i—I © CO h- 


© © © 
I 4 I 


CO 

H © 00 


© © © 
I + I 


© © © 
l 4- I 


© © © 
I + I 


©1 CO 30 
© 04 © 
© © © 
I 4 I 


© © © 
I 4 I 


© 

H* 

01 © © 
© 40 


© © © 
4 4 I 


© © © 
1 4 I 


© CO oo 
© ^ 04 
© © © 

I 4 I 


© CM rH 

I 4 I 


© © © 
I 4 I 


© 40 ^ 
© Th 04 
© © © 

I 4 I 


© 04 rH 

I 4 I 


00 00 CO 
01 Oi IG 
© © ©* 
! 4 I 


rH © rf 

04 04 'H 
© © © 
I 4 | 


lO 03 00 
i-t © eo 

© rH © 

I 4 I 


OS © r—• 

© © co 

© rH © 

I 4 I 


© rH © 
I 4 I 


rH © r-i 
© rH © 

4 4 I 


nr* ig oi 

© XfH CJ 
© © © 
I }’ I 


+ * 
CO I© rH 
© -f OI 
© © © 
I 4 I 


© © © 
t r t 


© © © 
I 4 I 


© © © 
I 4 ] 


* * 

CJ rH 00 
© lO rH 
©' © © 
1 4 | 


© CO rH 

I 4 I 


oo io io 

rH OI © 
© CO r-i 

I 4 I 


© O 
rl —r © 
©■ CO r-i 

I 4 l 


to I- © 

rH lO rH 
© CO r-i 

l 4 I 


© © © 
© «* r-i 

I 4 I 


CO 01 
rH CO Cl 

© Hi r-i 

I 4 I 


I! 

0 g 

-S' l 

II 

o „ 

w > 


1 

£ 



Test of significance, * Significant at the 5 per cent level, ** Significant at the 1 per cent level. 
Correlation between W and FCM/W. 

Change in 1000 FCM/W for an increase of 100 in W. 
















Milk energy yield in Illinois cows 


1041 


FATNESS AT CALVING AND FCM/W 

At the time of determining live weight of the individual cows in the pres¬ 
ent trial the tester also made a score of the cow intended to describe her 
condition of flesh. The scheme of scoring was based on a scale from 1 to 9, 
in which an excessively thin condition was scored as 1 and an excessively fat 
condition was scored as 9, all oil the somewhat indefinite verbal expressions: 
thin minus~ 1, thin = 2, thin plus-3, medium minus = 4, medium - 5, me¬ 
dium plus ~ 6, fat minus ~ 7, fat = 8, fat plus ~ 9. Scores were made as above 
for 761 of the 957 records of Holstein cows, and 183 of the 195 records of 
Jersey cows. The results are given in table 6. The differences between 

TABLE 6 


Analysis of variance , records classified by score of cow with respect to 
fatness at calving (sec Uxt) 




.1000 FCM/W 

for partial lactation of 




1 mo. 

2 most. 

3 mas. j 

4 inos. j 

5 mos. 

6 mos. 

7 mos. 

8 mos. 

Holstein, li ~ 701 

V, between groups 

89.8 

72.3 

i 

00.2 i 

j 

51.0 | 

49.3 

34.4 

35.2 

37.5 

V, within groups 

03.8 

50.0 

49.0 ! 

44.0 j 

41.5 

30.7 

33.9 

31.8 

F« .. . 

1.41 

1.31 

1.35 ! 

1.17 i 

3.19 

1.07 

1.04 

1.18 

Regression 1 * 

i 

| +0.00 

+ 0.51. 

•I 0.40 ! 

■! 0.30 | 

l 

•i 0.31 

+ 0.15 

! +0.12 

+ 0.07 

Jersey, n - 183 

V, between groups 

1 

;s.t | 

1 

31.1 

j 

1 I 

! 25.0 ■ 

j 

j 

27.0 1 

25.9 

! i 

! 27.2 I 

27.5 

30.1 

V, within groups 

1 ™.4 

01.4 

! 52.2 | 

49.1 ! 

45.5 

I 41.5 i 

39.2 

37.1 

F* 

1.02 

1.97 i 

; 2.09 j 

1.82 ! 

1.70 

: 1.53 

i 1.43 

1.02 

Regression* 1 

! +1.03 | 

i 0.55 

i +0.98 

-0.12 1 

- 0.36 

j — 0.57 

j -0.04 

- 0.83 


» Tost of significance, all arc below 1 lie 5 per cent level. 

Changes in 1000 FCM/W for an moron.so of 1 in fatness score. 


groups on the basis of fatness at calving are well below the 5 per cent level of 
significance in all cases. Hence it appears that FCM/W is independent of 
fatness of the cow at calving. 

discussion 

The results of the present investigation bear directly on the postulates 
previously advanced (4) that FCM/W for the 8-month partial lactation is 
independent of: 

1. Service period and length of lactation. 

2. Age of cow at start of lactation. 

3. Fatness of cow at start of lactation. 

4. Live weight of cow at start of lactation. 

5. Composition of milk for the lactation. 

6. Breed of cow. 

Of these postulates 1 is automatic and 5 has been heretofore amply 
demonstrated for various other records. Postulates 2 and 3 are good on the 
evidence of the present paper. Postulate 4 is good within either the Holstein 
or Jersey breed on the present evidence. Postulate 6 is still a question. 
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In the present records the Jersey breed is far above the Holstein breed 
on the basis of FCM/W. This is interpreted to mean that the present Jersey 
cows are superior to the Holstein cows, either in point of inherent proclivity 
to lactation (FCM/W), or in point of management, or both (probably both). 
There can hardly be any question as to the superiority of the Jersey records 
since the 822-pound average Jersey of table 1 produced in the 8-month par¬ 
tial lactation an absolute 10,030 Calories of milk energy per day (estimated 
as 29.5 x 340) while the 1211-pound average Holstein of table 1 produced an 
absolute 9,928 Calories per day (estimated as 29.2 x 340). That is, the small 
Jersey did more work in lactation than did the large Holstein. 

It is clear that the performance of the Jersey cows excels that of the 
Holstein cows in the present data; whether it excels to the extent indicated 
by FCM/W may be open to question. The dairy cow is undoubtedly under¬ 
going evolution under the pressure of artificial demands and selection. Can 
that evolution be pressed to the point of equality with respect to FCM/W 
as between large and small breeds of cows? Apparently, it has already 
reached that point within the large breed, or within the small breed, (cf. 1, 
footnote 11). 

As between the use of FCM/W or the use of age-corrected FCM the case 
is entirely clear. Age is often unknown, while live weight is always de¬ 
terminable in a system of record keeping. Furthermore, the physiological 
basis of increase in yield with age appears to be associated with increase in 
size of the cow with age, age of itself being a practically negligible factor. 
The use of age correction is so widespread and deeply rooted that any ques¬ 
tion of its soundness may meet with opposition, and a demand for more 
extensive investigation before acceptance. It should be held in mind that 
the argument here presented is based on initial live weight 4 (within the first 
30 days after calving, preferably about the 3rd-5th day) and on milk-energy 
yield for the first 8 months of the lactation. 

SUMMARY AND CONCLUSIONS 

The data used consist of 957 records of Holstein cows and 195 records of 
Jersey cows for partial lactations of 1, 2, 3, 4, 5, 6, 7, and 8 months in 
Illinois Dairy Herd Improvement Associations. The records are computed 
to a daily milk-energy basis in terms of 4 per cent milk in pounds (FCM). 
Live weight in pounds (W) within the first 30 days after calving is a part of 
the record. Age is known for 255 Holstein records and 163 Jersey records. 

* Where live weight is estimated after the dose of the record period, as for example, 
in the extensive early 12-months Register of Merit records of the Jersey breed, an entirely 
different relation appears between age, weight and yield, as compared with the relation 
found in the present work. Final live weight and initial live weight may be quite differ¬ 
ent and have different biological significance. It is here considered essential to deal with 
initial live weight. 
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The data are studied by graphic portrayal, by fitting equations and by 
analysis of variance. 

By fitting the equation, PCM - a -f bW + dA, where A = age, it is shown 
that the influence of age on PCM independent of weight is entirely negligible 
in the Jersey records and practically so in the Holstein records (see figure 
6). By fitting the equation, PCM = BW + DA it is shown that D is practi¬ 
cally zero in the Jersey records and very small in the Holstein records. 
Hence, PCM -- BW or PCM/W = B, a constant so far as age is concerned, and 
FCM/W should he independent of age. Analysis of variance applied to the 
records classified by age shows that differences between age groups (2 to 13 
years, by years) are in fact well below the 5 per cent level of significance. 

It is concluded that the use of age correction factors is justified only in 
case W is unknown and then only insofar as W is associated with age and 
correctly portrayed by the factors used. FCM/W may be used freely with¬ 
out regard to age of cow. As rapidly as feasible initial live weight at each 
lactation should be made a part of all dairy records and FCM/W (or similar 
principle) should supersede the biologically unsound principle of age 
correction. 

Analysis of variance and covariance applied to the records classified by 
W shows that differences between the live weight groups with respect to 
FCM/W are below the 5 per cent level of significance for the shorter partial 
lactations but become increasingly significant up to the 8-month partial lacta¬ 
tion. In general, the regression of FCM/W on W is negative and in the 
gross amounts to a decrease of about .4 in 1000 FCM/W for an increase of 
100 in W. However, as between herds an opposite tendency prevails and as 
between Jersey herds, there is an increase of 2.73 in 1000 FCM/W for an 
increase of 100 in W. 

It is concluded that as between cows of different live weights in either 
the Holstein or Jersey breed, FCM/W affords an equitable criterion of 
dairy merit or development. 

Analysis of variance applied to records classified by fatness of cow at 
calving shows no significant differences between groups, and it is concluded 
PCM W is independent of fatness of cow at calving. 
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THE FAT METABOLISM OF THE MAMMARY GLAND 1 

J. C. SHAW2 AND W. E. PETERSEN 

Division of Dairy Husbandry , University of Minnesota , St. Paul , Minnesota 

Certain aspects of the fat metabolism of the mammary gland have been 
given considerable attention for a number of years. In 1912, Foa (6) using 
the perfusion technique concluded that milk fat was formed from neutral 
fat. When olive oil was added to the perfusion solution, the fat in the fluid 
obtained from the gland had a lower iodine number than that of the olive 
oil. The work of Meigs, Blather wick and Cary (17) was accepted as proof 
that milk fat was formed from blood phospholipids until Blackwood and 
Sterling (2) showed that this work was invalidated by a difference in the 
concentration between the jugular and the mammary venous bloods. Lintzel 
(35) working with goats in which arterial blood was obtained by heart punc¬ 
ture demonstrated the loss of neutral fat to the mammary gland. Graham, 
Jones and Ivay (9) in a similar study with cows in which the arterial blood 
was obtained from the internal iliac by rectal puncture concluded that, in 
the main, milk fat is derived from the non-phosphatide fatty acids of the 
blood. The use of neutral fat by the active gland was also demonstrated 
by Maynard f t til. (lb) in a series of experiments in which the arterial blood 
was obtained from the internal pudic artery through the vaginal wall. 
Later, Graham ct al. (8) reported that the respiratory quotient of the lac- 
tating gland of the goat exceeded unity suggesting that fat was possibly 
being synthesized from some carbohydrate material. A study of the rela¬ 
tive amount of blood fat used by the mammary gland of the cow has been 
in progress in the Minnesota laboratory for some time and some preliminary 
notes have been published, Shaw and Petersen (20, 21). 

Using the Evelyn-Salter (5) method for the determination of hemo¬ 
globin, Shaw and Petersen (24) found that with any excitation or disturb¬ 
ance of the animal there were invariably large blood volume changes in the 
mammary gland regardless of the rapidity with which the samples were 
taken. These changes did not occur in the mammary gland of the com- 
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pletely undisturbed animal. Corrections of arteriovenous differences on 
the basis of blood volume changes produced values which were obviously 
untenable. 

These findings not only account for many of the unexplained variations 
in arteriovenous differences found in the data of all workers, but serve as a 
very valuable tool in determining whether or not the arteriovenous differ¬ 
ences can be expected to represent the normal metabolism of the gland. 

In a previous communication, Shaw and Petersen (21) reported that the 
quantity of blood fat used by the mammary gland increased with the in¬ 
crease in time following milking. This paper deals with the explanation 
of this and other phenomena associated with the fat metabolism of the mam¬ 
mary gland. 


EXPERIMENTAL 

For the arteriovenous studies the venous blood was drawn from the sub¬ 
cutaneous abdominal vein. In most of the experiments, the skin was anes¬ 
thetized at the point of venipuncture with ethyl chloride since any distur¬ 
bance to the animal is usually due to the venous and not the arterial punc¬ 
ture. The arterial blood was obtained by rectal puncture from either the 
prepudic or internal iliac arteries. The arteriovenous data unless otherwise 
reported includes only those experiments in which there were no detectable 
blood volume changes and in which the animals showed no sign of dis¬ 
turbance. 

The following chemical techniques were used: hemoglobin, Evelyn-Salter 
(5); blood fat, Allen (1); blood glucose, Shaffer and Somogyi (19); plasma 
calcium, Clark-Collip (3); and, plasma phosphorus, Fiske and Subbarow 
(7). The obstetrical pituitrin used, being predominately oxytocin, will be 
referred to as such. 

More than 200 arteriovenous blood fat differences have been determined 
since the study of the amount of blood fat used by the lactating gland was 
initiated in 1936. However, we were unable to obtain an orderly picture 
until the relationship of excitation to blood volume changes in the gland was 
established. Practically all of the data reported in this communication were 
obtained from the Holstein herd at the University of Minnesota. 

In 52 of the analyses of blood fat differences, there were no measurable 
blood volume changes in the gland. This data is presented in figure 1. As 
will be observed, there is little or no blood fat lost to the gland immediately 
after milking. In two cases there was actually a passage of fat back into the 
blood. Following the period immediately after milking, there was a slowly 
increasing uptake of blood fat by the gland for a period of about four hours 
after which the fat was used at a more constant rate, although the three 
highest values are to be found nine and ten hours after milking. In two 
cases, the cows were not milked out for a period of more than 15 hours. The 
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results of blood samples taken at this time show that the passage of fat into 
the gland had almost ceased. The failure of the gland to use fat at this 
particular time is undoubtedly due to the pressure built up in the gland. 

The passage of blood calcium into the lactating gland presented a similar 
picture. It will be seen from figure 2 that milking retarded the uptake of 
calcium considerably. The building up of considerable pressure in the 
gland at the end of 15 hours also almost completely stopped the use of blopd 
calcium. However, blood glucose continued to be used by the gland at this 
time in normal amounts, the arteriovenous change being 14.6 and 11.4 mg. 
per cent in the two experiments cited. 



Fig. I. Arteriovenous differences in blood fat in relation to time after milking. 

The use of blood calcium by the gland is considered as the best indirect 
measure of the volume of blood passing through the gland per unit volume 
of milk. The more direct measures have not been considered because of the 
accompanying excitation and because the analyses are necessarily too lim¬ 
ited to give any adequate picture of the loss of the various substances to the 
mammary gland. From the great variations in individual animals in 
arteriovenous differences and in the rate of blood flow as shown by the 
uptake of oxygen (18), it is apparent that balances on the mammary gland 
can not be considered significant unless large numbers of data are available 
from experiments in which blood volume changes have not occurred. The 
errors involved become minimized as the number of good observations in¬ 
crease. Calcium, therefore, was used in an attempt to determine what per 
cent of the milk fat was derived from blood fat. The average loss of fat 
to the gland in the data presented in figure 1 was 9.0 mg. per cent. The 
average calcium loss to the gland in the data presented in figure 2 was 0.29 
mg. per cent. The values obtained 15 hours after milking were not in- 
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eluded because the glands were abnormally distended at that time. On the 
basis of 120 mg. per cent of calcium in the milk approximately 410 volumes 
of blood plasma would be required to provide milk calcium. Similarly, on 
the basis of 3500 mg. per cent of fat in the milk, the volume of blood plasma 
required to produce the milk fat is approximately 390. Even allowing for 
considerable error in these calculations, it is apparent that most of the milk 
fat is derived from the blood fat. Recently some observations have been 
made which further favor the conclusion that most of the milk fat is derived 
from blood fat. In a series of operations on the glands of cows and goats, 
it was observed that the flow of lymph was very large and indicated that any 
attempt to conduct a balance of the mammary gland would have to include 
lymph. An analysis of the lymph demonstrated that while considerable 
calcium was removed from the gland by the lymph, very little fat was car¬ 
ried away in this manner. These data will be presented elsewhere in a later 
communication. 



Fig. 2. Arteriovenous differences in blood calcium in relation to time after milking. 

In the method used for fat determination neither phospholipids nor free 
fatty acids are recovered. The relatively large amount of fat shown to be 
used by the gland by this method is therefore limited to neutral fat, choles¬ 
terol and cholesterol ester fractions. 

Several experiments were conducted to further study the peculiar effect 
of milking upon the uptake of blood substances by the lactating gland. One 
half of the udder was milked out, leaving the other half distended with 
milk. Arterial blood samples and right and left venous samples were then 
taken simultaneously. The results of a series of such experiments are pre¬ 
sented in table 1. Unfortunately, in several of these experiments, hemo¬ 
globin determinations were not made. The data are presented, however, 
because the striking effect noted in these cases occurs consistently. Only a 
small quantity of blood fat was taken up by the gland on the side which had 
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TABLE 1 

The effect of milking out one half of ithe udder upon the use of blood substances by 
both right and left glands 



No. of 
observations 

Arterial 

Left venous 

Right venous 
(side milked 
out) 

Blood Fat mg. % . 

3* 

2B9.7 

235.6 

238.5 


o 

233.5 

219.5 

229.7 . 


3 

201.9 

187.1 

195.6 


4 

162.2 

153.3 

158.6 


►j 

214.2 

200.0 

209.9 


6 

199.5 

188.9 

198.3 


7* 

182.7 

173.4 

179.2 

Calcium mg. % 

8* 

10.00 j 

i 9.32 

9.95 


9 

8.20 

1 7.98 

8.20 


30 

9.66 

i 9.49 

9.60 

Phosphorus mg. % 

.11* 


i 4.92 

! 5.47 

Amino-Acids mg. % 

iir 

4.41 

4.00 

4.00 

i 

13 

3.90 

3.62 

3.58 

Glucose mg. % . I 

14 

64.0 

55.6 

56.0 


15 

64.8 

58.2 

58.0 


Hi 

74.0 

56.6 

56.6 

j 

17* 

50.0 

44.6 

43.4 


' No blood volume changes. 


been milked out. Blood fat continued to pass into the unmilked side rather 
freely, however. It, Urns, became apparent that the presence of milk in the 
gland was necessary to facilitate the normal transfer of fat from the blood 
to the secretory tissue of the gland. The same appeared to be true of both 
calcium and acid soluble phosphorus. In observation number 11, no arterial 
sample was drawn. That the milked side, however, used less phosphorus 
than the unmilked side is shown by the fact that in the former case the level 
of venous blood phosphorus was higher, indicating that less phosphorus had 
been removed. Both sides continued to use glucose and amino acids in 
equal amounts which was to be expected from previous findings in which it 
was shown that the arteriovenous differences of glucose and amino acids 
were not affected materially by the time interval after milking, Shaw, Boyd 
and Petersen (22), Shaw and Petersen (23). 

These results were quite surprising inasmuch as it was thought that if the 
milking out had any effect it would be to increase the arteriovenous differ¬ 
ences. With the release of the pressure in the gland by the removal of the 
milk, it might be expected that there would be an increased passage of certain 
substances into the gland. Such however, is not the case. The determination 
of hemoglobin shows that it is not merely a matter of concentration of the 
blood at this time. 

Another series of experiments dealing with the effect of oxytocin upon 
arteriovenous differences serves to still further explain many of these phe¬ 
nomena. Since the work of Ely and Petersen (4) had demonstrated that 
oxytocin or an oxytocie-like principle must be responsible for the ejection of 
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milk, it was suspected that the failure of the gland to remove fat and other 
substances from the blood following milking was associated with the effect of 
this principle upon the gland. 

Accordingly, the effect of injections of oxytocin upon the use of blood fat 
by the mammary gland was studied. A number of cows were injected with 
101.U. of oxytocin after arteriovenous blood samples had been drawn, follow¬ 
ing which arteriovenous blood samples were again drawn. Usually the oxy¬ 
tocin was injected into the mammary vein into which a hypodermic needle 
had already been placed in obtaining the initial venous blood sample. In 
table 2, four such experiments are recorded in which no significant blood 
volume changes occurred. Samples were drawn from Cow Number 612 im- 

, TABLE 2 


The effect of injections of oxytocin upon the use of blood fat by the mammary gland 




Hemoglobin 

% 

Plasma fat 
mg. % 

Remarks 


Arterial 

12.18 

298.7 

Before injection 

Cow No. 612 Immedi- 

Venous 

12.18 

300.9 

of oxytocin 

ii telv after milking 





Arterial 

12.18 

294.8 

l After inject ion 


Venous 

1 12.18 

299.9 

; of oxytocin 


Arterial 

12.18 

277.0 

! Before injection 

Cow No. 616 2 hours 

Venous 

! 12.18 

270.6 

of oxytocin 

after milking 


i 



Arterial 

11.87 

277.2 

; After injection 


Venous 

11.87 

276.5 

of oxytocin 


Arterial 

i 13.29 

306.2 | 

j Before injection 

Cow No. 449 10 hours 
after milking 

Venous 

13.29 j 

1 

288.9 

of oxytocin 


Arterial 

: . 13,29 

301.3 1 

After injection 


Venous 

13.29 

298.6 ! 

of oxytocin 


Left venous 

1 12.95 

184.4 

Before injection 
of oxytocin 

Cow No. 577 Bight 

Bight venous 

! 12.95 

195.8 ; 

side milked out 

Arterial 

12.92 

192.5 

After injection 


Left venous 

12.97 

191.2 

of oxytocin 

' 

i 


Bight venous 

12.95 

190.9 i 


mediately after milking. An increase of 2.2 mg. per cent in venous blood fat 
was observed. Following the injection of oxytocin, there was an increase in 
the venous blood fat of 5.1 mg. per cent. This procedure was repeated with 
Cow Number 615 two hours after milking. The arteriovenous fat difference 
of 7.6 mg. per cent decreased to 0.7 mg. per cent after the injection of oxy¬ 
tocin. The procedure was then repeated with Cow Number 449 ten hours 
after milking. The fat loss of 17.3 mg. per cent was decreased to 2.7 mg. per 
cent by the injection of oxytocin. 

In the experiment with Cow Number 577, the right half of the gland was 
milked out and venous samples were taken simultaneously from both the 
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right and left mammary veins. With the needles remaining in the veins, 
oxycotin was injected and both right and left venous blood samples were 
drawn simultaneously with an arterial sample. Since the level of venous 
blood fat prior to the injection of oxytocin was higher on the side milked out 
than on the unmilked side, it was apparent that the unmilked side w r as using 
more blood fat. Following the injection of oxytocin, neither side used any 
appreciable quantities of blood fat. From the results of these experiments, 
it was apparent that intravenous injections of oxytocin almost completely 
inhibited the uptake of blood fat by the lactating mammary gland even in 
glands filled with milk. This was unexpected since it had previously been 
shown that the inhibiting effect of milking upon the use of blood fat by the 
gland did not occur until after the milk had been removed. It is believed, 
however, that the two effects are both due to oxytocin, and that the effect of 
injections of oxytocin upon the unmilked gland are due to the use of this 
principle in excess of physiological dosage. 

In the experiments with the undisturbed animal in which there were no 
blood volume changes in the gland, the use of blood calcium and blood phos¬ 
phorus appears to follow that of the fat. During excitation, however, the 
calcium and phosphorus presents an extremely varied picture and the 
arteriovenous differences are unpredictable. This is not true of blood fat. 
In an earlier communication, it was demonstrated that with a concentration 
of the blood in the gland excessive amounts of fat passed into the gland 
while with a. dilution of the blood in the gland the fat often passed back 
into the venous blood. In a number of experiments, observations were made 
of the effect of oxytocin upon the arteriovenous fat differences in the gland 
of the excited cow. It will be observed in a typical experiment reported 
below with Cow Number 446 that the expected variations did not occur. 


Cow 446 Hemoglobin 

% 

Arterial 14.25 

Venous 14.50 


Plasma fat 
mg. % 

255.0 After injecjtion 

of oxytocin. 

259.7 Cow excited. 


With the concentration of the blood of 1.1 per cent, it was expected from 
previous experience that considerable blood fat would be retained in the 
gland. On the contrary, however, due to the effect of oxytocin, blood fat 
was concentrated in the venous blood to approximately the same extent as 
hemoglobin, indicating that here were no interchanges of fat between the 
gland and the blood plasma at this time. The injection of oxytocin also 
hindered the passage of calcium and phosphorus into the gland of the 
excited cow from time to time, but the effect was not as marked as in the 
case of fat. 
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DISCUSSION OF RESULTS 

Following milking very little blood fat was taken up by tlie gland and, 
in some cases, immediately after milking, there was actually a passage of 
fat back into the venous blood. With the increase of the time interval 
following milking, blood fat was used in increasing amounts until about four 
hours after milking, after which there was a more constant uptake of fat by 
the gland. In some cases, the amount of fat used by the gland continued to 
increase for several hours longer. 

The decreased use of blood fat by the lactaiing gland following milking 
was found to be associated with the removal of the milk from the gland. 
The stimulus of the “ letting down ’ ’ of milk did not in itself prevent the 
passage of blood fat into the gland. Injections of oxytocin, in apparently 
greater than physiological amounts, usually completely prevented the uptake 
of blood fat by the gland regardless of the time interval after milking. 

Blood calcium and blood phosphorus were influenced in the same direc¬ 
tion but with any excitation or changes in blood volume in the gland the 
results were more unpredictable. The uptake of glucose aud amino acids, 
however, did not materially change. 

In dealing with the transfer of substances from the blood to the gland, 
and from the gland to the blood, it appears that two phases must be reckoned 
with. Consideration must be given not only to the equilibrium between the 
blood plasma and the tissue fluid, but also to the equilibrium existing 
between the tissue fluid and the secretory cells of the gland. It can be 
assumed, as suggested by Starling, that the blood pressure decreases pro¬ 
gressively. along the capillary, being greatest at the arterial and least at the 
venous end. At the arterial end of the capillary, the hydrostatic pressure 
exceeds the colloidal osmotic force ^and fluid is forced from the capillary. 
At the venous end, the colloidal osmotic force exceeds the blood pressure and 
fluid passes from the tissue spaces into the capillary. The capillaries in the 
mammary gland of the lactating cow are apparently quite permeable to 
plasma fat as well as water, salts and a certain amounts of plasma proteins. 
It is believed that there is a continuous and relatively large flow of fluid 
between the blood plasma and the tissue spaces of the gland containing 
considerable plasma fat and other substances. A temporary change in 
blood pressure, pressure within the gland, or changes in the permeability 
of the capillaries would tend to alter, at least momentarily, the normal 
equilibrium existing between the plasma and the tissue fluid. These 
changes undoubtedly account at least in part for the variations in the 
arteriovenous differences in excited cows reported in an earlier communica¬ 
tion (24). The mechanism by which oxytocin causes fat and calcium to 
increase in the venous blood after the gland has been milked out may be 
explained as being due to a greater momentary pressure in the tissue spaces 
following the constriction of the smooth muscle of the gland. This would 
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tend to offset the blood pressure in the venous end of the capillary more 
completely and possibly even exceed the force of the blood pressure at the 
arterial end of the capillary. 

The effect of injections of oxytocin in preventing the passage of certain 
blood substances into the secretory tissue of the gland may be explained 
in part on the same basis. Indeed, it may well be that the complete con¬ 
traction of the smooth muscle can not occur until the milk has been removed 
from the alveoli. However, it has been shown by Hammond (10) and others 
that the pressure is greatest following stimulation of the letting down of 
milk when the gland is still tilled with milk. More significant, however, is 
the fact that fat is not used in normal amounts until three to four hours 
after milking and in some cases the increase in the use of fat continues for 
several more hours. It is highly improbable that the contraction of the 
smooth muscle of the gland by oxytocin would continue this length of time. 

It is believed that during the process of milking the alveoli collapse rather 
completely due to oxytocin which results in a decrease in the permeability 
of the basement membrane of the secretory cells to blood fat and possibly 
other substances. With the gradual engorgement of the cells and the filling 
of the alveoli with milk, the basement membrane becomes increasingly 
permeable to the lipides in the fluid which is circulating between the plasma 
and the tissue spaces. The more freely diffusible substances, such as glucose 
and amino acids, are apparently not materially affected by these changes. 
The passage of substances from the interstitial fluid to the cells must be 
governed not only by the permeability of the basement membrane but also 
by the rate at which‘they are used for synthesis in the secretory cells. The 
fact that calcium and phosphorus are affected in a similar manner to that 
of fat may mean that they are taken in, in part, by combination with other 
materials such as calcium proteinate and in connection with fat phosphoryla¬ 
tion in the transport of fat across the basement membrane of the secretory 
cells of the gland. 

The work of Kelly (13) and Kelly and Petersen (14) has shown that 
there is considerable lipase in the lactating gland and that only free fatty 
acids are present in the basal part of the cell. This suggests the possibility 
that the action of lipase may be necessary in the transport of fat across the 
basement membrane. However, it is possible that the fat is not acted upon 
by lipase until it passes into the cell and that the action of lipase is so rapid 
in the basal portion of the cell that the fat is hydrolyzed before the material 
can be fixed and stained and therefore could not be detected in the cells of 
the excised gland. 

The effect of oxytocin in preventing the loss of fat to the milk-filled gland 
is probably due to a partial collapse of the alveoli and the building up of 
excessive pressures in the gland which occurs following the injection of 
oxytocin. 
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The increasing uptake of blood fat by the gland with the increase in the 
time interval after milking would be explained by the gradual distension of 
the alveoli and the engorgement of the cells which makes the basement 
membrane increasingly permeable to the fat. 

It is apparent from the observations herein reported that most of the 
milk fat is derived from the blood fat. These results are not in agreement 
with the suggestion of Smith and Dastur (25) that oleic acid is synthesized 
from carbohydrate and that the short chain fatty acids are by products of 
this synthesis. They found that during inanition there was a decrease of 
about 80 per cent in the original content of the lower fat acids, a deficiency 
which was almost entirely made up by an increase in oleic acid. If oleic 
acid were synthesized from carbohydrate material, it would be extremely 
difficult to explain why the gland used such large quantities of blood fat 
since oleic acid makes up about 32 per cent of the total milk fat. 

On the basis of the quantity of fat used by the gland, it appears more 
likely that this apparent relationship between oleic acid and the short chain 
acids is due to a breakdown of oleic glycerides as suggested by Ililditch and 
Thompson (12), Hilditch and Paul (11) and Shaw and Petersen (20). If 
this is true, then some other explanation must be found for the high respira¬ 
tory quotient reported by Graham ci al. The data of Lintzel is of little help 
in this regard since his blood samples were drawn shortly after milking at 
which time the arteriovenous fat differences would be expected to be small. 
In fact, if the milk fat of the cow and the goat is produced from similar blood 
precursors, the arteriovenous fat differences in goats should be about twice 
that found in cows because the volume of blood per unit volume of milk as 
reported by us here and elsewhere is about double that reported for goats. 

CONCLUSIONS 

1. Very little blood fat is taken up by the gland immediately after milk¬ 
ing. With the increase of the time interval following milking, blood fat is 
used in increasing amounts until about four hours after milking, after which 
time the fat is used in more constant amounts. Calcium appears to present 
a similar picture. The absorption of fat and calcium ceases about 15 hours 
after milking. Glucose continues to be used in normal amounts, however. 

2. The passage of blood fat into the gland can be prevented by intra¬ 
venous injections of oxytocin. 

3. The passage of blood fat into the lactating gland and to a lesser extent 
of calcium and acid soluble phosphorus is associated with the distension of 
the alveoli and the filling of the secretory cells with milk. Blood glucose 
and amino acids are not similarly affected but continue to be used in fairly 
constant amounts. A hypothesis is developed on the basis of the observa¬ 
tions to account for the passage of blood substances into the glandular tissue. 

4. The quantity of blood fat used by the gland is sufficient to account 
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for all of the milk fat and justifies the conclusion that but little milk fat is 
produced from other substances. 

5. The average use by the lactating gland of the cow of 9.0 mg. per cent 
of plasma fat is limited to neutral fat and/or cholesterol fractions. 
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THE EFFECT OF STORAGE TEMPERATURES UPON CERTAIN 
CHARACTERISTICS OF BOVINE SEMEN 

II. I*. DAVIS, G. K. L. DjS'DEllBJEHG, and N. K. WILLIAMS' 

Dairy Husbandry Department, University of Nebraska 

Motility of spermatozoa Jias been widely studied and at one time motility 
was identified with fertilizing capacity. While this determination whs 
easily made, some workers, (3, 12, 13) believed that motility was not neces¬ 
sarily a criterion of fecundity of spermatozoa. Williams and Savage (15, 
16) in their investigations of bulls, showed that no great dependability could 
be placed upon the motility of spermatozoa. Lager]of (11) found that in 
sterile bulls and in those of reduced fertility, there was great variability in the 
motility of spermatozoa. Donham ct al. (8) found a definite correlation 
between the conception rate of cows and motility of the spermatozoa, and 
they stated that semen which contained less than 90 per cent of active sper¬ 
matozoa should be regarded as abnormal, since it did not insure satisfactory 
fertilization. While a high percentage of active motility of spermatozoa 
does not guarantee the fecundity of the semen, it is, therefore, likely, accord¬ 
ing to the workers cited, that reduced motility would indicate reduced 
fertility or even sterility. 

Various other criteria have been set up for the evaluation of the fecun¬ 
dity of bovine semen specimens. Volume, concentration of spermatozoa, 
and abnormalities of spermatozoa have been suggested as important factors 
related to fecundity of semen. The standards formulated were the result 
of studies of semen from bulls with disturbed fertility (1, 2, 15, 16). An 
analysis of semen samples of a group of fertile bulls would seem to furnish 
a better basis of appraisal of fertilizing capacities of sperm cells. In a 
previous study of fresh semen samples obtained from 11 fertile bulls (6), 
it was shown that there were certain relationships between volume of semen 
sample, percentage of progressive motility, concentration of spermatozoa, 
and pH value of the semen. The fertilizing capacity of the semen appeared 
to be dependent upon a combination of these factors rather than a single 
one. It might be mentioned that the mean number of spermatozoa per mm. 3 
in the samples from the 11 fertile bulls was 734,000 with a range of from 
8,000 to 1,997,000 in a total of 266 ejaculates in studies of the first, second, 
and third successive ejaculates (6). The mean number of the 168 samples 
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of the first ejaculate was 826,000. Anderson (1, 2) concurrently reported 
a mean concentration of 873,000 per mm. 14 with a range of from 510,000 to 
1,875,000 in samples obtained from six fertile bulls. The number of ejacu¬ 
lates studied was not mentioned nor which ejaculate. Anderson showed also 
that the percentage of abnormal spermatozoa in fertile bulls was 8.1; in 
bulls of reduced fertility 13.1; and in sterile bulls 17.6 per cent. Unpub¬ 
lished data at the University of Nebraska dairy herd have revealed that 
atypical spermatozoa are of normal occurrence in the case of fertile bulls. 
Hotchkiss et al. (10) in a detailed analysis of 200 fertile men whose wives 
were in the first half of gestation arrived at similar conclusions regarding 
characteristics and fecundity of semen samples. They observed further 
that atypical spermatozoa were not so great a factor affecting fecundity as 
had been concluded by some investigators since these abnormal cells were 
found in the semen of the 200 fertile men. From these observations it may 
be concluded that abnormal cell count, at least when the proportion is rela¬ 
tively small, is of minor importance in evaluating the fecundity of a semen 
sample. 

In this study the influence of four temperatures during storage upon the 
motility and the pH values of semen samples obtained from 11 fertile bulls 
and grouped according to the initial percentage of progressive motility of 
spermatozoa, concentration of spermatozoa per mm.; 1 and pH, is presented. 
The characteristics of the semen of the bulls from which the samples were 
obtained are presented and conceptions resulting from insemination with 
both fresh and stored semen are listed. 

PROCEDURE AND METHODS 

The semen samples were collected from 11 fertile bulls of the Jersey, 
Guernsey, Ayrshire, and Holstein breeds over a period of approximately 
nine months. The bulls ranged in age from one year and two months to 
eight years (table 4). All were free from contagious diseases. For hous¬ 
ing, the bulls were kept in a semi-dosed shed and each was allowed to run in 
a paddock for a half day, each day. A limited quantity of alfalfa hay was 
fed daily and grain w T as fed at the rate of between three-fourths of a pound 
and one pound for each 100 pounds of live weight. The grain mixture con¬ 
tained about 14 per cent of digestible protein and one per cent each of 
steamed bone meal and iodized salt. 

The regular procedure was to take a semen sample every third day but 
sometimes only one sample was taken during a week. Semen samples were 
taken with the Cambridge type artificial vagina (14) and the ejaculating 
bull was allowed to mount either a protected cow or another bull. Each 
semen sample collected was kept separate and the second and third ejacu¬ 
lates were taken immediately after the first. Care was taken to wash the 
prepuce and irrigate the sheath of the bull with warm water before the first 
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semen sample was taken. Aseptic precautions were followed carefully in 
the collection, handling, and storing of semen samples. All equipment com¬ 
ing in contact 'with semen w T as first rinsed with diluter. The diluter used 
was made according to a Russian formula (14) by dissolving 13.6 grams 
of sodium sulfate, 12 grams of anhydrous glucose, and 5.0 grams of salt-free 
peptone in one liter of distilled water and sterilizing at a steam pressure of 
13 pounds for 30 minutes in an autoclave. No diluter was added to any 
sample of semen. Each ejaculate was emptied, as soon as possible after 
collection, into a sterile cotton-stoppered test tube and this in turn was 
placed in a larger test tube where it rested on a cork at the bottom. The 
double test tube was then placed in a pail of water at a temperature between 
50° and 60° F. except for samples to be stored at 70° F. This method cooled 
the semen sample at the rate of about one degree F. per minute and cooling 
was completed in thermostatically controlled storage boxes. 

A microscope fitted with a low-power objective and equipped with a slide 
and eoverslip preparation in a stage incubator at a temperature of 102° F. 
was used to determine the motility which was estimated to the nearest 10 
per cent of progressive motion of spermatozoa across the field. Initial 
motility was determined within an hour after the semen sample was taken. 
The determination of pH values was made at a temperature of 77° F. 
(25° O.) with a potentiometer equipped with a quinhydrone gold electrode. 
The concentration of spermatozoa per mm. 3 was determined by the use of 
a haemocytometer using standard procedure. The ejaculates of semen 
varied in volume and each ejaculate was divided into one-cc. samples which 
were stored at various temperatures until observed. The storage chambers 
were equipped with thermostatic switches and maintained temperatures 
with a variation of one degree F. The observations recorded were made 
only on semen samples which showed spermatozoa in progressive motion. 
The procedure for insemination consisted of the use of a glass or stainless 
steel inseminating tube which was inserted about an inch into the cervix 
before the semen sample was delivered. The amount of semen used for 
each insemination was one cc. 


EXPERIMENTAL 

Semen samples that, were examined varied in the percentage of initial 
progressive motility from 10 to 100. More than 90 per cent of the samples 
ranged from 50 to 100 per cent in initial motility and only those were 
included since samples showing an initial progressive motility of less than 
50 per cent may have been due to faulty technique in collecting the samples. 

In table 1 the semen samples were divided into two groups, namely, those 
having an initial progressive motility of 50 to 70 per cent, and those having 
a motility ranging from 80 to 100 per cent. The pH values of the fresh 
samples and at various period>s during storage, when stored at 35°, 40°, 50°, 
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TABLE 1 

Influence of storage temperature upon pH values of semen samples grouped according to 
percentage of initial motility 


Range in initial motility 
50-70 per cent 


Storage 

period 

Storage at 

. 35° 

F. 

40° F. 

50° F. 

70° 

F.. 

Samples 

pH 

Samples 

pIT 

Samples 

pH 

Samples 

pH 

hr s. 

no. 

mea n 

no. 

mean 

no. 

mean 

no. 

mean 

Fresh 

21 

7.01 

24 

7.05 

85 

7.16 

21 

7.28 

24- 28 

2 

6.78 



1)0 

6.54 

13 

6.31 

48- 52 

5 

6.79 

1 

6.10 

52 

6.43 

8 

6.02 

72- 70 

7 

6.77 

5 

6.70 

19 

6.22 

1 

6.39 

90-1.00 

10 

6.90 

10 

6.90 

28 

6.25 



120-124 

2 

7.03 

2 

6.31 

8 

6.14 



144-148 

5 

6.66 

i 

6.59 

9 

6.21 



168-172 



3 

6.62 

1 

0.85 



192-190 

8 

6.83 

7 

6.67 





210-220 

3 

6.64 j 

o 

6.40 

1 

5.92 



240-244 

1 | 

6.97 | 

0 

0.54 



! 


264-268 


i 







288-292 

9 i 

6.85 j 

5 

6.34 ' 





312-316 



o 

*-> 

6.97 





336-340 



1 1 

6.18 





360-364 

1 

7.05 







384-388 

9 

6.70 

4 

6.97 




* 

408-412 

2 

6.73 | 

o 

6.06 





.432-436 

1 

7.14 j 



; 




456-460 





1 




480-484 



1 

0.69 

! 





Range in initial motility 
80-100 per cent 


Fresh 

46 

6.82 

55 

, 7.03 

141 

6.93 

12 

6.84 

24- 28 

6 

6.53 

1 

6.64 

52 

6.38 

7 

5.96 

48- 52 

31 

6.78 

14 

6.68 

118 

6.36 

o 

5.80 

72- 76 

6 

6.59 

6 

7.05 

37 

6.11 



96-100 

21 

6.72 

34 

6.71 

66 

0.04 



120-124 

9 

6.62 

4 

6.72 

29 

6.03 



144-148 

21 

6.70 

15 

6.64 

32 

6.05 



168-172 

o 

7.32 

3 

6.86 

9 

0.44 



192-196 

11 

6.73 

27 

6.52 

5 

6.26 



210-220 

5 

6.64 

4 

6.39 

2 

6.21 



240-244 

1 

7.01 

5 

6.59 

o 

5.99 



264-268 

o 

6.78 

1 

6.88 





288-292 

6 

6.68 

19 

6.48 

i 

; 

1 


312-316 





I 




336-340 

2 i 

6.83 

1 

6.77 





360-364 | 

4 

6.57 

1 

6.24 

o 

5.84 



384-388 



11 

6.32 

' 




408-412 



1 

7.11 





432-436 

1 

7.27 







450-460 



3 

6.1,1 





480-484 



2 

6.36 






and 70° F., are presented in tlie various columns of the table. All values 
reported represent means if more than one sample is represented. The 
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initial pH values for the group 50 to 70 per cent motility are 7.01, 7.05, 7.16, 
and 7.28, while the values for the group 80 to 100 per cent motility were 

TABLE 2 

Influence of storage temperature upon motility of spermatozoa in semen samples grouped 

according to pJT values 


Range in initial pH—€.40-6.99 



Storage at 

Storage 

35" 

p. 

40° 

F. 

50° E. 

70 1 F. 

period 









Sum pies 

Motility 

Samples 

Motility 

Samples 

Motility 

Samples 

Motil¬ 

ity 


levs. 

no. 

mean 

no. 

... 

mean 

no. 

mean 

no. 

mean 

Kreslj 

47 

81 

44 

70 

125 

80 

17 

75 

24- 28 

12 

00 

.•> 

00 

02 

0.1 

10 

35 

48- 52 

33 

53 

13 

44 

107 

48 

7 

13 

72- 70 

.10 

47 

9 

30 

37 

38 

1 

10 

1)0-100 

25 

3!) 

24 

37 

07 

28 



120-121 

0 

4.1 

tf 

28 

30 

24 



.114-148 

20 

no 

10 

‘20 

35 

20 



108-172 1 

3 

13 

1 

30 

0 

oo 



102-100 i 

.13 

20 

19 

20 

5 

20 



210-220 : 

0 | 

j7 ! 

o 

i 24 ' 

O 

.1 



240-244 ' 
204-208 : 

o 

! 

n ■ 

7 

| 17 

»> ] 

5 1 

i 1 

' 


288-202 

312-310 


jo ! 

.15 

18 



1 ! 


330-340 



2 

0 





300-304 1 

o ! 

13 

1 

: 10 

2 1 

1 ; 



384-388 i 

o i 

10 

S 

7 


1 

1 


408-412 ! 
432-430 ; 
430—400 1 
480-484 ; 

Z i 
1 
1 

! 

I 

! 

20 

! 


; 10 


I 

1 

i 

1 

1 

i 

i 



Range in initial pll—7.00-7.00 


Fresh 

20 

75 

37 

78 

117 1 67 

10 

24- 28 





: 


48- 52 




30 

21 50 

.10 

72- 70 

7 

44 

0 

35 

09 39 

3 

90-100 

O 

30 

« 

35 

14 , 33 


120-124 

9 

29 

20 

24 

20 j 30 


144-148 

2 

30 

2 

25 

7 ' 23 


108-172 

8 

30 

9 

27 

8 I 23 


192 190 



5 

28 

2 ; 15 


216-220 

8 

21 

15 

17 



240-214 

o 

30 

1 

20 

i ; i 


264-208 

1 

20 

4 

28 

1 ; 


288-292 

1 


1 

20 

i 


312-316 

8 

15 

10 

i 12 

! i 


330-340 




20 

| ; 

1 

360-304 

o 

10 




; i 

384-388 

2 

10 



> 


408-412 

7 

10 

0 

14. 

1 


432-436 

o 

10 



i 


456-460 





j 


480-484 



3 

7 

i | 
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respectively 6.82, 7.03, 6.93, and 6.84. It will be apparent from table 1 
that storage at 70° F. causes a very rapid decrease in the pH value and that 
storage at 50° F. showed a rapid decline for the first 24 hours and a slower 
decline thereafter. At storage temperatures of 35° and 40° F. there was a 
very slow rate of decline in pH values for all periods of storage, the least 
shift occurring at 35° F. It is apparent that untreated semen tends to 
become more acid upon storage and that higher temperatures of storage 
tend to increase the rapidity of decline in pH. Semen stored at the higher 
temperatures reached lower pH values than tlmt stored at 35° and 40° F. 

Table 2 presents the data arranged according to the initial pH values 
of semen samples as measured in motility initially and after storage. In 
this table, the semen samples that ranged in initial pH values from 6.40 to 
6.99 were grouped, and those that showed a range of 7.00 to 7.60 were 
grouped. In the first mentioned group, the initial mean percentages of pro¬ 
gressive motility were 81, 76, 80, and 75 for the samples that later were 
stored respectively at 35°, 40°, 50°, and 70° F. The corresponding initial 
mean percentage of progressive motility for the semen samples showing a 
range of 7.00 to 7.60 pH value were 75, 78, 67, and 67. In every case there 
was a large drop in percentage of motility for samples stored 24 hours and 
a smaller relative decline during storage for longer periods. There was 
comparatively little difference between the storage temperatures 35° and 
40° F. as to the keeping quality of the semen as measured by motility, 
although the lower temperature appeared to be slightly better. At 50° F. 
the rate of decline in motility was more rapid than at the lower storage 
temperatures and the survival was shorter. 

Table 3 presents a study of semen samples during storage as measured 
by pH values. Initially the samples were divided into two groups, namely, 
those where the concentration per mm. 3 ranged from 1 to 999,000, actually 
from 8,000 to 999,000, and those which ranged higher, namely, from 1,000,- 
000 to 1,999,000. It will be noted that the mean pH values for fresh 
samples of the lower concentration group showed 6.98, 7.15, 7.18, and 7.29 
while for the higher concentration group, the respective values were 6.74, 
6.76, 6.70, and 6.73. Storage at 70° F. always showed a marked drop in pH 
value during the first 24 hours and at slower decline thereafter. The 50° F. 
storage temperature showed the same general trend, but the drop in pH 
during the first 24 hours was not so great and the samples showed motility 
after longer storage periods. The samples stored at 35° and 40° F. showed 
the best keeping quality. Not only was the rate of decline slower, but the 
total decline in pH values was less than for the higher storage temperatures. 

In table 4, the characteristics of fresh semen from the 11 fertile bulls are 
presented together with the fecundity of fresh and stored semen. The 
figures presented are mean values for volume, motility, pH value, and con¬ 
centration for all samples of successive ejaculates obtained from the bulls 
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TABLE 3 

Influence of storage temperature upon the pll value of semen samples grouped according 
to concentration of spermatozoa per mm * 


Concentration of spermatozoa per mm. 3 1-999,000 


Storage 

period 

Storage at 

35° F. 

o 

O 

F. 

50° 

F. 

70° F, 

Samples 

r ,n 

Samples 

pH 

Samples 

pH 

Samples 

pH. 

hrs. 

no. 

mean 

no. 

mean 

no. 

mean 

no. 

mean 

Fresh 

40 

6.98 

55 

7.15 

178 

7.18 

23 

7.29 

24- 28 

5 

6.70 



53 

6.55 

14 

6.30 

48- 52 

21 

6.90 

13 

6.91, 

121 

6.57 

9 

5.99 

72- 70 

0 

7.07 

8 

6.99 

38 

0.24 

1 

6.39 

90-100 

IS 

6.97 

34 

6.86 

64 

0.20 



120-124 

0 

. 0.70 

3 

7.11 

20 

0.09 



144-148 

13 

6.89 

16 

6.77 

20 

6.17 



108-172 

2 

7.62 

4 

0.89 

o 

6.51 



192-190 

8 

6.94 

24 

0.06 

't 

5.88 



210-220 

> 

o 

7.13 

3 

0.59 

1> 

i <1.02 ! 



240-244 

1 

7.01 

8 

6.85 

1 

5.73 



204-208 ■' 

1 

6.75 

i ! 

6.88 





288 '292 ! 

7 i 

6.89 

.18 i 

0.49 



1 


312-3.10 , 

1 

i 


2 

0.96 





330-340 ; 

i 

6.93 

J 

0.77 





300-304 ! 

-• 1 

0.93 



1 

5.92 



384 -388 : 

■> i 

6.66 

13 

6.57 





408-412 1 



o j 

6.04 





432-430 | 

*> 

7.20 j 

i 


! 




400-400 | 



2 ! 

6.12 

1 




480-484 j 

i 


i 

4 

6.60 

i 

t 





Concentration of spermatozoa per min. 8 1,000,000-1,999,000 


Fresh 

27 

6.74 

26 

6.76 

63 

6.70 

10 

24- 28 

3 

6.31 



20 

6.07 

6 

48- 52 

17 

6.51 

5 

6.36 

50 

5.94 

1 

72- 76 

8 

6.45 

4 

6.68 

17 

5.93 


90-100 

13 

6.54 

11 

6.41 

30 

5.91 


120-124 

6 

6.63 

4 

6.28 

18 

6.08 


1.44-148 

33 

6.49 

7 

6.33 

11 

5.88 


168-172 

1 

7.04 

1 

6.51 

4 

6.51 


192-190 

.10 

6.64 

10 

6.33 

3 

6.43 


216-220 

5 

6.45 

3 

6.20 

1 

6.30 


240-244 



4 

6.17 

1 

6.25 


264-268 

! ! 

6.81 






288-292 

7 i 

6.63 

6 

6.33 




312-310 

! 







336-340 

l ! 

6.72 

1 

6.18 




360-364 

3 i 

i 6.48 

1 

6.24 




384-388 

3 

| 6.66 

3 

6.26 




408-412 

2 

6.73 

1 

6.14 




432-436 


I 






456-460 








480-484 









during the study. The ranges for all samples were as follows: volume— 
0.5 to 12.0 cc.; motility—10 to 100 per cent; pH value—6.18 to 8.31; and 
concentration—8,000 to 1,997,000 mm. 3 (6). The semen used for insemina- 
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tion was taken from these samples. Thus the general character of the 
semen can be judged with reference to inseminations and conceptions. 
Samples were not stored successfully for insemination at 70° F. Mechani¬ 
cal difficulties in the storage chambers prevented the use for insemination 
of many samples stored at 35° F. Most samples of fresh semen were used 
for insemination within four hours from the time of collection. For this 
study, however, fresh semen was considered to be any sample that was 
stored less than 24 hours. While there were no inseminations reported ‘in 
this study for the bull Bon Jamie, he was proved previously to be a fertile 
bull. Of the 154 inseminations of fresh semen, 112 resulted in conceptions, 
or a conception percentage of 72.7, that is, 1.375 inseminations per concep¬ 
tion. These figures are more favorable than were obtained in a previous 
study with massage obtained semen (5) when 181 inseminations resulted in 
107 conceptions. This was a percentage of 59.1 or 1.69 inseminations for 
each conception. The table shows the length of storage, storage tempera¬ 
ture and inseminations and conception using stored semen. The numbers 
are small and are merely indications. Grouping the samples stored at 35° 
and 40° F. together, there were 13 inseminations which resulted in seven 
conceptions or 53.8 per cent. The 15 samples stored at 50° F. resulted in 
four conceptions, a percentage of 26.7. For all stored samples, 28 insemi¬ 
nations resulted in 11 conceptions or 39.3 per cent. 

DISCUSSION 

It has been shown previously in table 1 that variations in initial y>H 
and in the percentage of progressive motility for the two groups of samples 
stored at various temperatures appeared to have little or no effect upon the 
pH value during storage. Since all samples upon which pH determinations 
were made show T ed motility of spermatozoa it may be concluded that initial 
variations in motility within the ranges studied did not have an appreciable 
effect upon the keeping quality oi‘ spermatozoa as measured. It appears 
also that slight initial variations in the pH values have no appreciable effect 
upon the pH values developed during storage. However, the rate of decline 
in pH values developed during storage apparently is proportional to the 
temperature of storage; namely, the lower the storage temperature the 
slower the decline in pH of the semen, with but little difference being 
exhibited between the samples stored at 35° and 40° F. 

When the samples of semen were sorted according to pH values and 
tabulated in terms of percentage of progressive motility as in table 2, it 
was found that initially, the semen samples with higher pH values showed 
slightly lower mean percentages of motility, which is a confirmation of the 
data in table 1. When measured by motility, the initial variation of pH 
values appeared to have no significant effect upon the samples after storage, 
since there was an approximately equal decline in the percentage of motility 
for the groups stored at the same temperature. 
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A study of table 3 where the semen samples were grouped according to 
concentration of spermatozoa per mm. 3 indicates a definite relationship 
between high concentration and lower initial pH value. There was appar¬ 
ently no different effect after storage between the two general groups. 
Here again, the storage temperature seemed to be the critical factor as 
affecting the rate of decline in pH value with the lower temperatures of 
storage giving the best results. 

From these studies it appears that fresh semen samples which possess 
a high degree of motility tend to have a high concentration of spermatozoa 
per mm. 3 and pH values slightly on the acid side. Based on a population 
study it is apparent that these factors are definitely associated with fecund¬ 
ity, since the values of the various criteria of the 182 semen samples used 
for insemination must have been close to the mean (table 4). While it is 
true that there are considerable variations in the characteristics of succes¬ 
sive ejaculates of individual bulls (6, 7), the data in table 4 indicate that 
the mean values of the semen characteristics of the individual bulls varied 
little from the mean of the jmpulation. Since the volume and the motility 
of the fresh semen samples used for insemination were substantially the 
same (volume 1 ec., motility 70-90 per cent) it does not seem likely that 
any deleterious influence on the fecundity or fertilizing capacity of the 
semen could have been exerted by these factors in the cases discussed. 
Whether it is the pH value or the concentration of spermatozoa which in¬ 
fluenced the fertilizing capacity of the fresh semen samples of the individual 
bulls is not apparent since there are no great differences in the percentage 
of conception between the individual bulls. Apparently, the mean concen¬ 
tration of spermatozoa from individual bulls may vary a maximum of 
363,000 and the pH value 0.34 unit from the population mean, without hav¬ 
ing any appreciable effect on fecundity. 

Obviously, the fecundity of stored semen was inferior to that of fresh 
semen. Since volume and concentration were usually the same, and motil¬ 
ity was but slightly lower, the decrease in fecundity of the stored semen may 
therefore be sought in biological changes as manifested by a decline in the 
pH value. It has been shown in tables 1 and 3 that there is a rapid shift 
in the pH value of semen at various temperatures during storage and that 
the shift in pH was greater with the higher temperatures. The least change 
in pH took place during storage at 35° and 40° F. The fecundity of the 
stored semen corresponds to this finding. Combining the semen samples 
stored at 35° and 40° F., which were used for insemination, a conception 
percentage of 53.8 was obtained; whereas, those samples stored at 50° F. 
resulted in a conception per cent of only 26.7. It is reasonable to believe 
that it is not the pH per se which affects the fecundity, but that the shift 
in pH values of the semen is an expression of certain catabolic processes 
which take place during storage and which are detrimental to spermatozoa 
although the sperm cells are inactivated by lowering the temperature. 

Decreased fecundity of stored semen has been observed by other workers. 
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Using motility as a criterion of survival, Hatziolos (9) found that the aver¬ 
age length of life for bovine sperm was 27 hours when stored at 32°-37° P. 
and 22 hours when stored at 37°-43° F. The fecundity of semen stored at 
these temperatures was very low. Of 20 cows inseminated only tw’o became 
pregnant, one conceived from a 24-hour-old sample and one from a sample 
48 hours of age. Chabibullin (4) found great differences between the motil¬ 
ity percentage and the conception percentage of stored sheep sperm. Thus 
the motility following 24 hours of storage was 67-70 per cent while the 
corresponding conception rate was 31-36 per cent. He believed that a 
storage temperature of 46°-50 r F. was the important one for storing sheep 
sperm. 

Although motility is necessary for fertilization and a lowering of motil¬ 
ity is commonly accepted as being associated with reduced fertility, it would 
seem that motility should be used with caution as a single criterion of fer¬ 
tilizing capacity of stored semen. At best the microscopic determination of 
motility is only an estimate, and chemical changes detrimental to the fecund¬ 
ity of spermatozoa are likely to occur before any change in motility is mani¬ 
fested. In a study of the effect of storage upon semen, a determination of 
the motility of spermatozoa taken in connection with the decline in pH due 
to natural causes, may possibly offer a laboratory test that can be correlated 
with fecundity. 

SUMMARY 

Semen samples obtained by means of the artificial vagina from 11 fertile 
bulls were grouped according to motility, pH values, and concentration, and 
the effects of storage at 35°, 40°, 50°, and 70° F. were studied. 

When the semen samples were grouped according to percentage of initial 
progressive motility, the higher group showed lower initial pH values but 
no apparent difference was noticeable between the groups during storage. 
The pH values declined during storage, the lower the temperature the 
slower the decline. 

Grouping semen samples according to initial pH values indicated that 
the lower i>H value was associated with higher progressive motility. Dur¬ 
ing storage there w T as no apparent difference between the groups but there 
was a decline in percentage of progressive motility and the higher the tem¬ 
perature the faster the decline. 

Semen samples, when grouped according to concentration of spermatozoa 
per mm., 3 showed that the higher concentration had the lower pH values. 
When stored at the various temperatures there was no difference in rate of 
decline in pH values between the groups. 

Average semen characteristics for 11 fertile bulls, based upon several 
hundred samples, together with the number of inseminations and concep¬ 
tions for both fresh and stored semen are presented. A total of 154 in¬ 
seminations with fresh semen resulted in 112 conceptions, a conception per¬ 
centage of 72.7, or 1.375 inseminations per conception. Grouping all stored 
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samples, 28 inseminations resulted in 11 conceptions, a conception per¬ 
centage *of 39.3, or 2.545 inseminations per conception. Fifteen insemina¬ 
tions from samples stored at 50° F. resulted in four conceptions or 26.7 
per cent, while 13 inseminations from samples stored at 35° and 40° F. 
resulted, in seven conceptions or 53.8 per cent. 

A storage temperature of 35° F. was found to be the most advantageous 
for storing semen, based upon motility and pH values, since at that tem¬ 
perature the least change occurred. The fecundity of semen is best pre¬ 
served when stored at the lower temperatures. 
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A COMPARISON OF THE RESULTS OBTAINED FROM INCU¬ 
BATING BACTERIOLOGICAL PLATES AT 32°C. AND 37° C. 

ON THE BACTERIAL COUNTS OF MILK 

A. O. FAY and A. \V. HOWARD 
77. P. Tfoorf 4' Sons, Inc., Boston 

As a result of a ruling: of the Boston Board of Health stipulating the use 
of 32° C. instead of 37° C. as Ihe incubation temperature for making bac- 
terial counts on milk, several series of parallel determinations were made 
using various grades of milk. Appropriate dilutions of the milk sample to 
be tested were made and two plates were inoculated from the same dilution 
blank. Tryptone-glucose-beef-extract milk agar (A.P.H.A. 7th edition) 
was poured into each plate and one of the plates incubated at 37° C., the 
other at 32° C., for forty-eight hours. 

The data presented in tables 1 to 4 inclusive show scattered diagrams of 
the distribution of counts on the two media. Of particular interest are the 
results on grade A raw milk purchased for pasteurization and sale as grade 
A pasteurized milk. This milk is purchased on a basis of full premiums 
for milk with a bacterial count below 7 10,000 per ml. and a sliding scale of 
partial premiums for milk with bacterial counts between 10,000 and 25,000 
per ml. 

Obviously, if the incubation of plates at 32° 0. materially increased the 
bacterial counts, a producer might receive partial premiums or perhaps no 
premium on milk which would have earned full premium if the plates had 
been incubated at 37° C. If tlie effect of such a change in the incubation 
temperature proved serious in this regard, it would leave but two alterna¬ 
tives; first, to change the premium bases in keeping with the increased 
counts, and second, to improve the quality of the milk (which is, of course, 
the objective of the Board of Health in changing the requirements). If, on 
the other hand, the increases in counts do not seriously affect the premium 
scale, or if the normal variations of the plating procedure overshadow the 
increases in counts induced by the lower incubation temperature, no change 
in the premium schedule need be made. 

A study of the data in table 1 based on 253 samples of grade A raw milk 
as sampled at the receiving station leads to the general conclusion that the 
lower temperature of incubation has not seriously affected the premium 
schedule and that the effect is partly offset by the factor of normal variation 
of the plating procedure. 

In table 2 are shown the results based on 777 samples of market milk 
which were pasteurized in the laboratory by holding for 33 minutes at 143.5° 
F. in a thermostatically controlled water bath. These counts are used by the 
field men as an important part of the quality control program. An arbitrary 

Received for publication May 8, 1940. 
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standard of 5,000 is used as a criterion of the need of immediate farm in¬ 
spection*. The extent to which these counts are increased by the lower incu¬ 
bation temperature has no effect on the price paid to the producer. An essen- 
tail feature of any quality control program is the extent to which it enables 
the detection of the sources of poor quality milk. If the lower temperature 
of incubation more effectively throws a spotlight on the less desirable pro¬ 
ducer, the change in procedure would be beneficial to the central objective 
of the field man’s efforts. It remains to be seen if the lower temperature of 
incubation will yield counts that check more closely with field inspection. 

A study of the data in table 2 indicates that only a relatively small per¬ 
centage of the counts were materially increased by the 32° C. incubation and 
that this effect was particularly noticeable in the samples in the higher 
brackets of counts. This, of course, suggests that the incubation of plates 
at 32° C. tends to accentuate the very conditions which a quality control 
program is designed to detect. 

Tables 3 and 4 show the distribution of counts at 32° C. and 37° O. based 
upon samples taken from tank car shipments. In table 3 are presented the 
counts of the raw milk and in table 4 the “ heat-resistant’’ counts on the 
same milk after pasteurization in the laboratory. From these data, as in 
previous tables, it seems logical to conclude that the lower temperature of 
incubation will not necessitate any material reorganization of the quality 
control program. 

It should be emphasized, however, that all of these samples were * Winter 
samples” collected between the months of January and March. Whether or 
not the bacterial flora of summer milk will be sufficiently different to alter 
the results cannot be determined from these data. 

"TABLE 1 


A comparison of the results of incubating 25S raw mill: samples from grade A dairies 
at 37° C. and 82° C. Tabular values refer to the numbers of samples 


Ranges of counts 
at 37° C. 

No. of 
samples 

Ranges of counts at 32° C. 

0 to 
5,000 

5,001 

to 

10,000 

10,001 

to 

15,000 

15,001 

to 

25,000 

25,001 

to 

50,000 

50,001 

to 

100,000 

Over 

100,000 

0 to 5,000 

129 

93 

20 

6 

1 1 

3 



5,001 to 10,000 

72 

21 

30 

14 j 

4 

3 



10,001 to 15,000 

26 

2 

5 

10 

7 

1 

! 

1 

15,001 to 25,000 

16 

2 

1 


10 

3 



25,001 to 50,000 

9 


1 

1 


5 

1 

1 

50,001 to 100,000 

1 






1 



Total . 253 


Observations from table 1 

1. Of the 253 samples, 201 were in the full premium class (below 10,000) when the 
plates were incubated at 37° C. Of these 201 samples, 25 (12 per cent) were 
moved into the partial premium class (10,000 to 25,000) and 6 (3 per cent) were 
moved out of the premium class (above 25,000). 

2. Of the 42 samples in the partial premium class (10,000 to 25,000) when the plates 
were incubated at 37° C., 27 (64 per cent) remained in the partial premium class, 
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10 (25 per cunt) were moved into a full premium class, and 5 (12 per cent) were 
deprived of premium by incubating the plates at 32° 0. In one of these the count 
at 32° C. was sufficiently increased to exceed the state legal standard of 100,000. 

3. Due in part to normal variation in plate counting, one-third as many producers 
(12) were favored as were penalized (36) by the lower temperature incubation. 
Normal variation undoubtedly was responsible also for some of the penalties, that 
is, if the parallel plates had been incubated at the same temperature no doubt 
there would have been some ‘ 1 penalties. ’ ’ 


TABLE 2 

A comparison of the results of incubating parallel plates from 777 laboratory pasteurised 
market milk samples at 37° C. and 32° C. Tabular values refer to the 
numbers of samples 


Ranges of counts at 32° C. 


Ranges of counts 
at 37° C. 

| No. of 
; samples 

| 

0 to 1,000 

1,001 

to 

2,500 

2,501 

to 

5,000 

5,001 

to 

10,000 

Over 

10,000 

0 to 1,000 

! 018 

519 

08 

21 

6 

4 

1,001 to 2,500 

64 

24 

oo 

11 

2 

5 

2,501 to 5,000 

33 

| 9 

n i 

10 

6 

6 

5,001 to 10,000 

22 

5 

3 

4 

5 

7 

Over 10,000 

40 

i 2 | 

I 


5 

33 

Total 

777 







Observations from tabic 2 

1. Of the 777 samples, 715 gave counts below 5,000 when incubated at 37° C. Of 
these 715 samples, only 29 (4 per cent) gave counts in excess of this arbitrary 
standard when incubated at 32° C. 

2. A study of the data indicates that a greater percentage of those samples in the 
higher brackets (37° C.) were increased by 32° C. incubation than was observed 
among the samples in the lower brackets ol* counts (below 2,500). 

TABLE 3 

A comparison of the results of incubating parallel plates at 37° C. and 32° C. from J40 
samphs of raw market milk from tank car shipments. Tabular values 
refer to the numbers of samples 


Ranges of counts at 
37° O. 

No. of ; 
samples j 

Ranges of counts at 32° C. 

0 to 
100,000 

; 100,001 to 
200,000 

200,001 

to 

| 300,000 

300,001 

to 

400,000 

0 to 100,000 ... 

96 

SI 

15 



100,001 to 200,000 

33 

6 

I 24 

3 


200,001 to 300,000 .... 

9 


j 2 

i 6 

1 

300,001 to 400,000 

o 

1 

1 

1 

1 


Total . 140 


Observations from table S 

1. Of the 140 samples, 129 conformed to the arbitrary standard of 200,000 or below 
when the plates were incubated at 37° O. 

2. Of these 129 samples, only 3 (2 per cent ) were caused to exceed the arbitrary 
standard by incubating the plates at 32° C. 

CONCLUSIONS 

1. Grade A milk (253 samples, raw milk counts): As a result of incu¬ 
bating plates at 32° C., 12 per cent of the samples were moved from full to 
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TABLE 4 


A comparison of the results of incubating parallel plates at 37° C. and 38° C. from 142 
samples of market milk from tank car shipments pasteurized in the. laboratory. 
Tabular values refer to the numbers of samples 


Ranges of counts 
at 37° C. 

No. of 
samples 

Ranges of counts at 32° C. 

0 to 
2,500 

2,501 to 
5,000 

5,001 to 
10,000 

10,001 to 
20,000 

Over 

20,000 

0 to 2,500. 

92 

66 

21 

5 



2,501 to 5,000. 

32 

10 

16 

4 

o 


5,001 to 10,000 .. . 

17 


6 

8 

o 

1 

10,001 to 20,000. 

1 



1 




Total. 142 


Observations from table 4 

1. Of the 142 samples, 124 were below the standard, of 5,000 when ineubated at 37° 
C. Of these 124, there were 11 (9 per cent) which were caused to exceed the 
arbitrary standard when the plates wore incubated at 32° C. 

2. Of the 18 samples which were above the 5,000 standard when ineubated at 37° C., 
12 (66 per cent) were also above the standard when incubated at 32° O. 

partial premium class, and 3 per cent were deprived of premiums. Of the 
samples in the partial premium class (at 37° C.), 12 per cent were deprived 
of premium. To offset this, however, 25 per cent were moved back into a full 
premium class, (table 1.) 

2. Market milk (777 samples, heat-resistant counts) : On a basis of a 
5,000 standard at 37° C., 4 per cent of otherwise acceptable counts were 
caused to exceed the standard when plates were incubated at 32° C. 
(table 2.) 

3. Tank ear samples (140 raw milk counts) : On a basis of 200,000 stand¬ 
ard (37° C.)> 2 per cent of otherwise satisfactory samples were caused to 
exceed the standard by incubating the plates at 32° CJ. (table 3.) 

4. Tank car samples (142 heat-resistant counts): On a basis of a 5,000 
standard (37° C.), 9 per cent of otherwise satisfactory samples were caused 
to exceed the standard by incubating the plates at 32° 0. To offset this, 
33 per cent of tlie 18 samples which exceeded the 5,000 standard at 37° C. 
gave counts below that standard when incubated at 32° 0. (table 4.) 

5. The producers of grade A milk were not sufficiently penalized by the 
use of the lower temperature of incubation to warrant readjustment of the 
premium bases. It would seem more logical to correct this situation by 
intensified field work with the relatively few indicated producers, thereby 
benefiting by the change of methods, rather than loosening the requirements 
on all grade A producers. 

6. Since the fundamental purpose of making most bacterial analyses on 
milk is to point the way toward improvement of milk supplies, it seems 
reasonable to conclude that the lower temperature of incubation facilitates 
the attainment of that objective. 










METHOD FOR DETERMINING LOSSES OF BUTTER FAT 
IN THE CREAMERY* 

M. MORTENSEN 
Iowa Slate College, Ames. Iowa 

Creamery patrons and directors, and even some buttermakers, have 
only a vague understanding of what should be considered as a fair overrun 
to be obtained in the manufacture of butter. Some states, as Iowa, have 
laws specifying the maximum overrun that may be obtained. In such cases 
the creamery directors generally consider that a buttermaker who cannot 
obtain an overrun within a small fraction of the maximum legal overrun 
lacks in ability and they frequently look for another operator. 

The current overrun trends have been studied at the Iowa Experiment 
Station for some time, with the cooperation of a group of carefully selected 
Iowa creamery operators. From the results thus obtained it has been 
possible to evolve a system by which it will be not merely possible to de¬ 
termine with a reasonable degree of accuracy the correct overrun, but also 
to locate various existing irregularities and losses of butter fat. 

In this study each creamery cooperating witli the Experiment Station 
submits samples from one churning monthly. These samples which arc 
analyzed chemically, consist of a sample of the cream before pasteurization, 
another after pasteurization and one after the cream is in the churn. A 
sample is taken from the can rinsings, one from the buttermilk, one from 
the starter and three samples from the butter; the butter samples are taken 
from different locations in the churn. Forms have been prepared for record¬ 
ing results and a copy is mailed to each operator monthly giving results ob¬ 
tained. The items listed on this form with a sample set of determinations 
accompanies this report. 

Calculation of loss and overrun data from chemical 
analyses and operators reports. 

The entries to be made under “Analysis for Fat” and “Salt” need no 
explanation. The entries to be made under “Lbs. Cream in Vat When 
Sample is Taken” and “Lbs. Cream in Churn” require explanation. 

If the can rinsings were not added to the experimental vat, the amount 
of cream weighed in, that is not placed in the vat, i.e., the rinsings, should 
be determined and substracted from the pounds of cream received for the 
experimental churning. 

Assume that 2,000 pounds of cream containing 40 per cent butter fat are 
received and that 100 pounds of can rinsings, testing 25 per cent butter fat, 

Received for publication May 13, 1940. 

* Journal Paper No. J-750 of the Iowa Agricultural Experiment Station, Araes, Iowa. 
Project No. 685. 
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Items listed on creamery record form , with a 
sample set of determinations 


Name of Creamery.Name of Operator.Date 

Analysis for fat Butter 


Butter . 

80.63 

Lbs. butter made . 

1064.62 

Cream 


Lbs. butter sold . 

1058.62 

vat . 

32.53 

Lbs. fat in butter made. 

858.40 

churn . 

31.38 

Overrun 


Can rinsings. 

12.17 

From vat test . 

21.92 

Starter . 

3.80 

From churn test. 

22.38 

Buttermilk . 

.562 

Based on fat losses. 

21.92 

Lbs. can rinsings. 

110.00 

Total per cent reduction, all 


Balt 


losses . 

3.08 

Analysis . 

2.50 

Distribution of fat losses 


Lbs. in butter. 

26.62 

Buttermilk 


Lbs. added . 

27.0 

lbs. buttermilk . 

1588.00 

Per cent lost . 

1.41 

lbs. fat lost. 

8.92 

Lbs. cream in vat when sample 


lbs. butter lost . . 

11.15 

is taken 


per cent total fat received . ... 

1.03 

Lbs. cream received for vat . 

2703.00 

per cent reduction in overrun . 

1.28 

Less cream in can rinsings . 

41.00 

Overweight 


Plus lbs. ncturaiizer and rins- 


lbs. fat lost . 

4.8 

ings added before pasteuriza¬ 


lbs. butter lost . 

6.00 

tion . 

. 

per cent of fat received. 

0.55 

Total lbs. cream in vat. 

2662.00 

per cent reduction in overrun. 

0.69 

Lbs. cream in cliurn 


Composition 


Plus lbs. can rinsings . 


lbs. fat lost .. . 

6.71 

Plus lbs. neutralizer and rins¬ 


lbs. butter lost . 

8.38 

ings added after vat sample 


per cent of fat received . 

0.77 

taken . 

40.00 

per cent reduction in overrun 

0.97 

Plus lbs. starter. 

62.00 

Miscellaneous 


Less lbs. evaporation during 

. 

lbs. fat lost. 

0.99 

pasteurization . 

7.3 

lbs. butter lost . 

1.24 

Total lbs. cream in churn. 

2750.7 

per cent of fat received . 

0.12 

Lbs. fat 


per cent reduction in overrun . ... 

0.14 

Can rinsings . 


Remarks 


Starter . 

2.36 



Lbs. fat by vat tost plus fat 




added . 

868.31 



Lbs. fat by churn test . 

865.05 




are obtained. The amount of original cream in the can rinsings is then 
equal to 100x25/40 = 62.5 pounds, which amount is subtracted from the 
2,000 pounds of cream received. 

If, on the other hand, the can rinsings are added to the cream received, 
and the sample of cream is taken before the rinsings and neutralizer are 
added, the pounds of water contained in the can rinsings must be included 
in the second column under “Lbs. Cream in Churn .’ 9 

If the can rinsings are added to the cream received before the sample 
of cream is taken from flie vat for analysis, the test obtained represents the 
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test of the original cream received + amount of water in the can rinsings. 
The amount of water in the can rinsings is determined by the following 
formula: 

X = i [(R-C) + V(C + R) 2 -4CRt/T] 

This formula is derived from the following equations : 

(C + X)T = CT, 

Rt = (R-X)Ti 


C represents lbs. cream received 
R represents lbs. can rinsings 
T represents test of cream + water in can rinsings 
t represents test of can rinsings 
X represents lbs. water in can rinsings 
Ti represents test of original cream 

The following problem will serve as an illustration: ‘‘2000 pounds of 
cream have been received. One hundred pounds of rinsings testing 25 per 
cent butter fat are obtained. The rinsings are added to the cream before 
the sample is taken from the vat for testing and the cream plus the water 
in the rinsings contains 40 per cent butter fat. Determine the pounds of 
cream held in the vat at the time the sample is taken/’ 


Answer : X~4 


(100-2000) + yji (2006 +100)* - 2M0* 100x 25_ 


= 38.6 pounds of water. 


Tiiis should be added to the amount of cream received. The vat, there¬ 
fore, contains 2000 i 38.6 pounds of cream at the time when the cream 
sample was taken from the vat for testing. 

Operators handling sour cream will frequently add the rinsings and then 
neutralize before the vat sample is taken for testing. In that case the 
vat will contain “Pounds cream received 4 Pounds water in rinsings + 
Pounds neutralizer solution,” and the amount of water in the rinsings may 
be determined from the following equations: 

(C + Y + N)T = CTi 
Rt = (R-Y)T, 

Then: Y = \ [C N i R + \/' (C + N + BJ^ORyf] - (C + N) 

In this formula the symbols are the same as in the former formula 
except that Y stands for pounds of water in the can rinsings, N for pounds 
of neutralizer solution added and T for test of (cream + water in can 
rinsings f neutralizer solution). 

When the cream is weighed in a weigh tank and the can steamings are 
run into the weigh can and are weighed with the cream, the total amount 
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of fat received is contained in the vat and the only water added is that which 
is required to rinse the spout and the amount in the neutralizer solution. 

The pounds of cream in the churn are calculated by adding to the total 
amount of cream, as calculated for the vat, the amount of rinsings and 
starter added and subtracting the amount of water lost due to evaporation 
during the process of pasteurization. 

The amount of water lost by pasteurization is determined by the follow¬ 
ing formula: 

W = C ~ CT/To 

W represents pounds of water lost 

C represents total weight of cream in the vat when pasteurization 
is started 

T represents fat test of cream before pasteurization 
To represents fat test of cream after pasteurization 

Illustration: A vat of 2,400 pounds cream and 50 pounds of water tests 35 
per cent fat. Determine the amount of water lost, during pasteurization 
if the cream tested 35.3 per cent fat after pasteurization. 

o a rzf\ 2,4o0 x 35 0 . 

2,450 — L " 35 ~ 3 — - 20.8 pounds. 

The entries made under the heading “Lbs. Fat” require no explanation, 
except possibly the third column, v Lbs. fat by vat test plus fat added. ” By 
“fat added” is understood the fat in the starter or any other source of 
butter fat added after the vat sample has been taken. 

The amount of buttermilk obtained is determined by the following 
formula by Mortensen 1 . 

C(100~ll-T) 

** ~ 100-11-a 

B represents pounds of buttermilk obtained in free form 
C represents pounds of cream churned 
T represents test of the cream 
a represents test of the buttermilk 

The amount of butter taken from the churn less the amount allowed for 
overweight, is equal to amount of butter sold. 

A fat content of butter above 80 per cent reduces the overrun from the 
theoretical 25 per cent. 

The miscellaneous losses are determined from the following formula: 

Lbs. butter fat in vat - (Lbs. fat in butter + Lbs. fat lost in butter¬ 
milk) = Miscellaneous losses. 

The following problem will explain the method employed in determining 
the effect of each of the various fat losses on the final overrun. 

i Mortensen, M. Management of Dairy Plants. The Macmillan Co., 1938. 
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“A vat of cream contains 2500 lbs. of 30 per cent cream from which 
are produced 915 lbs. of butter testing 80.6 per cent fat. The test of the 
buttermilk is 0.6 per cent and 4 lbs. of butter are allowed for overweight. 
Determine the per cent overrlm. ,, 

The overrun determined by the regular method of figuring is equal to: 


(915-4) -750 
750 


v 100 = 21.46% 


That system of figuring is correct if the weights and tests are correct, 
but if errors have been made in weighing or testing the overrun should be 
determined from the losses occurring during the process of manufacturing. 
This is done in accordance with the method outlined in the following: 


Buttermilk Losses 

2500 x ~ =--1669 lbs. buttermilk 

100 - 11 - O.b 

1669 x .006- 10 lbs. fat lost in the buttermilk 
10x100/80- 12.5 lbs. 80% butter lost in buttermilk 
2500 x .30 - 750 lbs. fat in vat, (no starter added). 

12 5 

~zr x 100 - 1.67% reduction in overrun. 

/50 


Miset llaneous Losses 

750- (915 x 80.6 -i 10) -2.51 lbs. fat as Miscel. loss 
2.51 x 100/80 - 3.137 lbs. butter 

7^0~ X 0.42% reduction in overrun. 


Composit ion Losses 
■■ 5.49 lbs. fat 


915 x (80.6-80) 

100 

5.49 x 100/80 = 6.86 lbs. butter 


6.86 


750 


-x 100-0.91% reduction in overrun. 


Overweight 

4 x Too" = 3 224 lbs ' fat 

3.224x100/80 = 4.03 lbs. 80% butter 
4 03 

?50 X 100 ~ - -4% reduction in overrun. 

The final per cent of overrun 

= 25 - (1.67 t 0.42 + 0.91 4 0.54) - 21.46%. 

Althongh the study to which this system has been applied is yet limited, 
the work so far seems to indicate that it has been of considerable value to 
some of the operators who have cooperated in the project. 





STUDIES ON THE SOURCE-ORIGIN OF ACTIVATED FLAVOR 

IN MILK 


J. C. FLAKE, H. C. JACKSON, and K. G. WECKEL 
Department of Dairy Industry, University of Wisconsin 

INTRODUCTION 

Milk unduly exposed to radiation, either natural or artificial, will acquire 
a flavor defect called activated, sunshine, or burnt. This defect is to be dif¬ 
ferentiated from that referred to as oxidized flavor. Homogenized milk is 
known to acquire the flavor more readily than unhomogenized milk. Ex¬ 
cessive or improper exposure of milk to artificial radiation is a frequent 
cause for occurrence of the flavor. The ultimate prevention of the develop¬ 
ment of the flavor, however, necessitates further information concerning its 
origin and method of development. In the study presented here, milk or 
milk products, and other substances were exposed for prolonged periods to 
radiation so as to accentuate the intensity of the flavor, and permit its ready 
identification and isolation. Reviews of the literature on the activated 
flavor of milk have been included in previous reports (4, 8). It was pointed 
out that the flavor originates with the protein fraction of milk, and it was 
indicated that the flavor which results from undue exposure to ultra-violet 
radiation is identical or very similar to the burnt or sunshine flavor caused 
by exposure of milk to sunlight. Radiation is known to cause destructive 
effects upon proteins in general and to produce disagreeable flavors and 
odors. Casein and lactalbumin have been shown to develop the typical 
activated flavor of milk. The present study is concerned with ascertaining 
the specific source of the flavor. 

EXPERIMENTAL PROCEDURE 

Two general procedures were followed in determining the specific source 
of the activated flavor of milk. These were a study of the effect of radiation 
on the nitrogen distribution of milk, and an investigation of the effects of 
radiation on the flavor of milk protein hydrolysates, amino acids, and other 
selected materials. 

The source of ultra-violet radiation w r as a Ha no via quartz mercury-vapor 
arc placed at a distance of 76.5 cm. above the various materials. The inten¬ 
sity of the radiation was approximately 700 microwatts per square centimeter 
per second, at the surface of the materials, and was maintained by means of a 

Received for publication June 19, 1940. 
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Hanovia-Englehard meter photocell circuit. The milk and other fluid prod¬ 
ucts were irradiated after being placed in stainless steel pans 18 cm. square 
and 3 cm. deep. Two hundred ml. portions were usually used. Generally, 
the pans were placed on a platform which was given a steady rocking motion 
through eccentric drive, by means of an electric motor. The materials which 
were exposed in dry form were spread on parchment paper beneath the arc. 

A recently recommended (5) semi-micro Kjeldahl method for the deter¬ 
mination of the total-, casein-, albumin-, globulin-, proteose-peptone-, and 
non-protein nitrogen was used for a study of the effect- of radiation upon the 
nitrogen distribution of milk. The milk was irradiated for 35 minutes so 
that it had a very strong activated flavor and odor. 

Yan Slyke amino nitrogen determinations also were made of excessively 
irradiated milk, skimmilk and cream, and compared with similar determina¬ 
tions of untreated samples. Since exposure to radiation was continued for 
four hours in these experiments, the materials were weighed before and after 
the exposure, and the moisture lost by evaporation replaced with distilled 
water. In some cases determinations also w T ere made after heating the 
samples to 87.8° C. and cooling, a procedure which intensifies the activated 
flavor. 

In order to determine whether riboflavin or other dialysable substances 
of milk have a role in production of the flavor, milk in collodion bags was 
dialysed with distilled water for 24 hours. Fresh milk in new bags was then 
placed in the water and the dialysing continued, this being repeated four 
times in order to increase the concentration of dialysable substances in the 
water. The riboflavin of milk is said to be about 90 per cent dialysable (2). 
The water had the yellow-green pigmentation characteristic of‘riboflavin. 
For further concentration this solution w r as condensed tinder reduced pres¬ 
sure to about 20 per cent its original volume. The temperature did not 
exceed 60° C. during the concentration. Samples of the original and of the 
concentrated solutions were exposed to the radiation and examined for flavor 
and odor. A sample of milk which had been dialysed for four days with daily 
changes of water was also exposed to the radiation and its flavor compared 
with that of an unexposed non-dialysed sample. 

For preparation of the protein hydrolysates, casein was precipitated from 
skimmilk with acetic acid, washed with distilled water, suspended in 7 normal 
hydrochloric acid, and autoclaved for eight hours at 15 pounds steam pres¬ 
sure. After shaking the hydrolysate with charcoal and filtering, much of the 
hydrochloric acid was boiled oft* at reduced pressure. Water was added and 
the evacuation repeated several times. The acid hydrolysate and a neutral¬ 
ized portion of it were then exposed to the radiation. A pepsin hydrolysate 
of milk was prepared by acidifying 200 ml. milk to approximately pH 2.0 
with hydrochloric acid, adding one gram of pepsin, and incubating for five 
days at 37° C. This hydrolysate in the acidic form and after being neutral- 
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ized was then irradiated. Bacteriological peptone and tryptone in dry form 
and dissolved in distilled water, and a commercial sample of soft curd milk 
prepared by enzymatic treatment (Enzylac Process) were subjected to action 
of radiation and compared with non-treated samples for presence of activated 
flavor and odor. 

Amino acids, either chemically pure or of high quality, 1 in dry form, in 
distilled water, or in M/10 phosphate buffer at pH 7.0 were irradiated for one 
and one-half hours. Similarly, commercial granular gelatin in dry form and 
as a one per cent solution in distilled water was irradiated for two hours. 


RESULTS OF EXPERIMENTS 

A. Effect of Radiation on the Nitrogen Distribution of Milk. 

Table 1 shows the nitrogen distribution in normal samples of milk. It 
also shows the nitrogen distribution in milk which had a strong activated 
flavor and odor caused by exposure to radiation for 15 minutes. Determina¬ 
tions made on three separate lots of milk failed to show any appreciable effect 
of radiation upon the total-, casein-, or albumin plus globulin-, nitrogen con¬ 
tent of the milk. The proteose-peptone nitrogen was somewhat greater in the 
irradiated sample in two out of three examinations while the non-protein 
nitrogen was slightly less in all three cases. Although the exposure to radia¬ 
tion in these trials was prolonged enough to produce a very strong activated 
flavor and odor, the data fail to indicate any drastic effects upon the various 
nitrogenous fractions comparable with the observed effects on flavor. Pre¬ 
vious reports have indicated no (1) significant influence of irradiation upon 

TABLE 1 

Effect of radiation upon the distribution of nitrogen of mill* 


Nitrogen as per cent, of the milk 
Trial 


j rat*non 


Total Nitrogen 
Casein Nitrogen 
Albumin + glo¬ 
bulin Nitro¬ 
gen 

Proteose-pep¬ 
tone Nitro¬ 
gen 

Non-protein 
Nitrogen . 


I 

| 

! n I 

III 

Average 

Unir¬ 

radiated 

Irradi¬ 

ated 

Unir¬ 

radiated 

Irradi¬ 

ated 

TJnir- 
ra dialed 

Irradi¬ 

ated 

Unir¬ 

radiated 

Irradi¬ 

ated 

0.5578 

0.4547 

1 

0.5488 

0.4457 

0.5152 
0.405 L 

0.5118 

0.4004 

0.5348 

0.4275 

0.5404 

0.4345 

0.5359 

0.4291 

0.5337 

0.4269 

1 

0.0011 

0.0598 

0.0044 

0.0044 

! 0.0G39 

0.0639 

0.0631 

0.0627 

| 0.0140 

0.0158 

0.0178 

0.0231 

| 0.0154 

0.0150 

0.0157 

0.0180 

j 0.0280 

0.0276 

0.0284 

0.0245 

0.0280 

0.0270 

0.0281 

0.0264 


* Milk exposed to radiation from quartz mercury-vapor are for 15 minutes; intensity 
of radiation approximately 700 microwatts per square centimeter at surface of fluid. 

1 Obtained from Pfanstiehl Chemical Company. 
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the content of casein or albumin in milk, but has been found (7) to delay 
rennet coagulation of milk. 


TABLE 2 


Effect of radiation upon the Van Slyke amino nitrogen, content of mill:, , 
cream, and skimmilk* 



Milligrams amino nitrogen in 5 milliliters 

Material 

Unheated 

Heated 


Unirradiated 

Irradiated 

Unirradiated Irradiated 

Milk** . 

1.01 

0.96 

1.01 

1.04 


0.98 

1.01 

1.03 

1.01 


1.02 

0.96 ! 

1.02 

1.02 

Average. 1 

1 1.00 

0.98 

1.02 

1.02 

Cream** . 

1.31 

1.25 

1.35 

1.29 


1 1.29 

1.29 

1.34 

1.34 


1.26 

1.21 i 

1.35 

1.32 

Average . 

1.29 

1.25 

1.35 

1.32 

Skimmilk . 

0.89 

0.87 




0.89 

0.88 




0.88 

0.88 



Average 

0.89 

0.88 




* Products exposed to radiation from a quartz mercury vapor arc for 4 hours, in¬ 
tensity 700 microwatts per square centimeter at surface. 

** Determinations also made on these samples after heating to 87.8° C. 

The results of Van Slyke determinations of amino nitrogen of excessively 
irradiated milk, cream, and skimmilk are shown in table 2. The data ob¬ 
tained from triplicate determinations indicate no appreciable difference in 
amino nitrogen content of exposed and non-treated samples. They show that 
even with the prolonged four-hour exposure to radiation there was no signifi¬ 
cant breakdown of the proteins that could be measured by the Van Slyke 
amino nitrogen method. This is especially significant, since during commer¬ 
cial irradiation milk is exposed for periods of only a few seconds at the most. 
Formol titrations made as preliminary work to the Van Slyke studies also 
failed to show any difference between samples of milk and cream exposed for 
long and short periods to radiation. These results indicate that the methods 
employed were not sufficiently sensitive to measure the protein breakdown 
believed responsible for the flavor production. 

B. Effect of Radiation on the Riboflavin and other Dialysable Substances of 
Milk . 

It has been indicated (3) that the burnt flavor resulting from the action 
of sunlight on milk has its origin in the casein-free albumin-free serum of the 
milk, and the coincidence between development of this flavor and the fading 
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in color of tlie serum pigment riboflavin was noted. Dilute and vacuum¬ 
concentrated solutions of riboflavin and other dialysable substances obtained 
from milk were exposed to the quartz mercury-arc radiation. The treatment 
resulted in a disagreeable flavor and odor and a bleaching of the riboflavin 
pigmentation. The flavor and odor definitely were not typical of the acti¬ 
vated flavor and odor of excessively irradiated milk. Addition of this irradi¬ 
ated solution lo normal milk resulted in an off-flavored product, but which, 
was not similar to the activated flavor observed in milk unduly exposed to 
radiation. 

Milk which had been continually dialysed for four days with daily 
changes of distilled water developed the typical activated flavor and odor 
observed in normal milk when similarly exposed to radiation. This shows 
that removal of a large proportion of the dialysable substances of milk does 
not alter its susceptibility to development of the flavor and odor. 

C. Production of Flavor and Odor in Protein Hydrolysates Exposed to 

Radiation. 

It seemed of interest to investigate whether the typical activated flavor 
and odor of milk could be produced by irradiation of partially hydrolysed 
protein, which would indicate whether unaltered protein is necessary for 
production of the flavor and odor. Irradiation of acid hydrolysed casein, 
either acidic or neutralized, caused a change in its flavor and odor. The 
flavor and odor were not typical of that of milk subjected to prolonged 
exposure to the radiation. Irradiation of the acidic or neutralized pepsin 
hydrolysate of milk caused a change in its flavor and odor. The flavor and 
odor were not typical of that of milk similarly treated. The appearance of 
the digest suggested extensive protein hydrolysis and was of such character 
that accurate flavor and odor comparisons could not be made. 

Irradiation of bacteriological peptone in dry form for two hours resulted 
in an off-flavor that was not typical of that of irradiated casein or milk. 
The irradiation of bacteriological tryptone in dry form for two hours re¬ 
sulted in a burnt flavor which was slightly similar to the flavor observed 
when casein or skimmilk powder is irradiated under similar conditions. 
Irradiation of peptone or tryptone in distilled water for periods up to two 
hours caused an off-flavor and odor. The flavor and odor produced in the 
tryptone were slightly similar to but not really typical of that of milk ex¬ 
posed to radiation. Little or no similarity in flavor and odor of irradiated 
peptone and casein could be noted. No difference in flavor and odor could 
be observed between enzyme treated soft curd milk and non-enzyme treated 
milk when both were exposed to radiation. The slight protein hydrolysis of 
the soft curd milk was therefore without effect on the susceptibility of the 
milk to development of activated flavor and odor. 

These studies show that irradiation of proteins which have undergone 
extensive hydrolysis causes changes in flavor and odor, although these 
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changes are not typical of those occurring in similarly irradiated casein or 
milk. 

D. Development of Flavors in Amino Acids Exposed to Radiation. 

Because the results obtained in the study of irradiated protein hydroly¬ 
sates were inconclusive, attention was given to the effect of radiation on 


amino acids. The results obtained by irradiating the amino acids in dry 


form are given in table 3. The data show that 

TABLE 3 

Effect of radiation from quartz mercury vapor 
acids in dry form* 

cystine, cysteine, methionine, 

arc on the flavor of amino 

Flavor 


Before irradiation 

| After irradiation 

1-cystine, C.P. 

No flavor 

J Burnt hair, strong sulfur 

cysteine HC1, C.P. 

! Acid, smoky 

Strong burnt, smoky 

dl-mcthionine, C.P. 

Sweet 

Very disagroeable, similar 
to irradiated casein 

dl-b-phenylalanine, C.P. 

i Sweet, medicinal 

Sweet, medicinal 

1-tryptophane, C.P. 

| Slightly bitter 

Strong, similar to irradiated 
casein, sulfur like 

1-tyrosine, C.P. 

No flavor 

No flavor 

1-histidine IT Cl, C.P. 

j Acid, salty 

Strong, similar to irradiated 
casein, sulfur-liko 

glycine, C.P. 

j Sweet 

Sweet 

dl-alanine, C.P. 

j Sweet 

Sweet 

dl-serine, C.P. 

1 No flavor 

Slightly sweet 

dl-threonine 

i No flavor 

Slightly sweet 

dl-valino, C.P. 

! Slightly sweet 

Sweet 

dl-norleucine 

No flavor 

Slightly sweet 

dl-isoleucine, C.P. 

No flavor 

Nut like 

1-leucine, C.P. 

| No flavor 

| Burnt 

1-aspnrtic acid, C.P. 

I Slightly acid 

! Slightly burnt 

d-glutamic acid, C.P. 

| Acid 

| Slightly burnt, smoky 

d-arginine 

Bitter 

j Bitter 

d-lysine 2HC1, C.P. 

j Acid 

! Bitter, nut-like 

1-proline, C.P. 

j Sweet 

Sweet 

1-hydroxyproline, C.P. 

Sweet 

| Sweet, bitter 


* Exposed to radiation 90 minutes, intensity approximately 700 microwatts per square 
centimeter at surface of material. 


tryptophane, histidine, leucine, aspartic acid and glutamic acid developed 
at least a slight burnt flavor somewhat similar to that noted in irradiated 
dry casein or skimmilk powder. Irradiated cystine, methionine, trypto¬ 
phane, and histidine possessed especially strong flavors which indicated that 
these amino acids may he important contributors to the flavor of casein or 
milk exposed to radiation. When a small amount of each of these four 
irradiated amino acids was mixed with nnirradiated dry casein, the mixture 
was found to have practically the same burnt flavor as irradiated casein. 
The flavor of irradiated cysteine was also strong and suggestive of the flavor 
of casein and milk exposed to radiation. 
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Irradiation of the amino acids in distilled water and in phosphate buffer 
of pH 7.0 gave less conclusive results than were obtained by irradiation of 
the amino acids in dry form. 

The development of peculiar odors and flavors is known to occur in vari¬ 
ous proteins exposed to radiation. Casein and albumin have been shown to 
possess the typical odor and flavor of milk similarly subjected to radiation. 
Because its different amino acid content made study of the source of actir 
vated flavor convenient, gelatin was included in these studies. Irradiation 
of dry granular gelatin for two hours failed to produce any appreciable 
amount of the typical burnt activated flavor observed in casein after similar 
treatment. Irradiation for two hours of a one per cent solution of gelatin 
in distilled water caused a slight change in flavor and odor, but the typical 
flavor and odor of irradiated casein and milk were not evident. Since these 
results are in contrast to previously reported findings (4), they were care¬ 
fully repeated and verified. 

Since gelatin either lacks or lias a much lower content of tryptophane, 
methionine, and histidine (6) than does casein or Jactalbumin it is tempting 
to hypothesize that this is the explanation for the absence of the typical 
activated flavor and odor when it is exposed to radiation. Both gelatin and 
casein have much lower contents of cystine than does laetalbumin. 

discussion 

The fact that ultraviolet radiation has destructive effects upon proteins 
and may produce unpleasant odors and flavors is in accord with the evi¬ 
dence that the activated flavor of milk originates with the proteins. How¬ 
ever, the applied analytical procedures were not sufficiently sensitive to 
show that exposure of milk to radiation has a measurable destructive effect 
upon the proteins comparable with the effects on the flavor. 

The failure of the irradiation of riboflavin and other dialysable sub¬ 
stances of milk to produce any semblance of the typical activated flavor elim¬ 
inates these substances as possible precursors of this specific flavor. 

Irradiation of the various protein hydrolysates was carried out in order 
to discover whether the same flavor changes would result as are produced 
from the unaltered protein, which would indicate whether the flavor arises 
from certain molecular groupings. The inconclusive results obtained with 
the acid hydrolysate may have been due to removal of flavor precursors by 
the purification procedure necessary. The various hydrolysates have in¬ 
herently such disagreeable odors and flavors that accurate flavor determina¬ 
tion could not be made. Tryptone developed a flavor somewhat similar to 
the typical activated flavor, showing that this partially hydrolysed product 
of casein retains some of the flavor producing characteristics of casein. 

The results of irradiation of the amino acids indicated that cystine, 
methionine, tryptophane, and histidine may be important contributors to 
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the activated flavor of milk. The importance of methionine, tryptophane, 
and histidine was also indicated by the lack of flavor production by irradia¬ 
tion of gelatin, in view of the low content of these amino acids in gelatin as 
compared to casein and lactalbumin. 
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ISOLATION OF SUBSTANCES RESPONSIBLE FOR THE 
ACTIVATED FLAVOR OF MILK 


J. C. FLAKE, H. C. JACKSON, and K. G. WECKEL 
Department of Dairy Industry , University of Wisconsin 

INTRODUCTION 

The prevention of development of activated flavor in milk (7, 8) is at 
present limited to control of the conditions under which milk is exposed to 
artificial radiation, and avoidance of exposure of milk and milk products 
to solar radiation. The isolation and identification of the substance or 
substances responsible for activated flavor have yet to be completed in order 
that information on better control practices may be acquired. It is the 
object of this report to present methods for isolation and qualification of 
the substances responsible for activated flavor in milk. 

The possible role of sulfur compounds as the cause of the activated 
flavor of milk has been suggested (2, 7). It was observed that exposure of 
a dilute sodium chloride elution product of casein to ultra-violet radiation 
resulted in an odor which resembled that of milk excessively irradiated and 
more particularly that which results from exposure of human skin to ultra¬ 
violet light. This was interpreted as suggesting the mobilization of SH 
bodies (2). Irradiation is known to affect the sulfur residues of proteins. 
For example, egg albumin irradiated by a mercury vapor lamp in an atmos¬ 
phere of nitrogen gave a positive nitroprusside reaction indicative of the 
presence of sulfhydrvl groups (R-SH) (9). Irradiation of skin was found 
to result in formation of sulfhydryl compounds (10). 

Sulfur compounds are known to be responsible for various disagreeable 
flavors. The cooked flavor of milk heated to high temperatures has been 
associated with liberation of sulfides (5) and sulfhydryls (6). It appeared 
significant that the temperature (about 76-78° C.) at which the cooked 
flavor of milk becomes evident and at 'which begins appreciable formation 
of sulfides and sulfhydryls (5, 6) is near the temperature (82.2° C ) at 
which the activated flavor is definitely intensified when milk exposed to 
radiation is heated. 


EXPERIMENTAL PROCEDURE 

The source of ultra-violet radiation was a Hanovia quartz mercury- 
vapor are placed at a distance of 76.5 cm. above the milk or other selected 
materials. The intensity of the radiation was approximately 700 microwatts 
per square centimeter per second at the surface of the substances exposed, 
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and was maintained by means of a Hanovia-Engelhard meter, photocell 
circuit. The milk or other fluids were exposed to the radiation after being 
placed in stainless steel pans attached to a platform given a steady rocking 
motion by an eccentric drive, attached to an electric motor. Materials which 
were exposed in dry form were spread on parchment paper beneath the arc. 

The problem of isolating the compounds responsible for the activated 
flavor of milk was complicated by the fact that the measure of progress 
depended upon the senses of taste and smell. The methods employed in the 
work were necessarily chosen with this fact in mind. 

Isolation of Flavor Substance: Various methods of isolating the flavor 
compounds were attempted. The method finally adopted utilized steam 
distillation, in the apparatus shown in figure 1. The apparatus consisted 



Fig. 1. Apparatus for separating from milk and casein suspensions by steam distil¬ 
lation, substances responsible for activated flavor. 

of a pyrex flask, steam inlet and outlet tube, a Kjeldahi connecting bulb, 
condenser and adapter. Steam was prepared from distilled water. Fused 
glass and ground-glass joints were used where possible to minimize loss of 
volatile substances. While distillation of milk or cream was investigated, 
the use of an intensely irradiated (exposure, two hours) suspension of locust 
bean-gum-precipitated casein in distilled water (1) was found more satis¬ 
factory. The suspension could be distilled without difficulty of foaming, 
and the distillate possessed a strong activated odor. The casein assumes a 
colloidal suspension similar to that found in milk, when dispersed in water. 

Approximately two liter samples of the casein suspension were distilled 
for a period of about 30 minutes. The flavor and odor materials recovered 
in the distillate were adsorbed with activated charcoal, followed by elution 
with ether. The distillate was collected beneath an aqueous suspension of 
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charcoal, which prevented Joss of volatile substances. The charcoal and 
aqueous mixture were separated by suction filter. Prior to its use, the 
charcoal was washed with hot water, filtered, dried and extracted with ether 
in a Soxhlet apparatus. The charcoal was used for recovery of volatile 
material from several portions of various distillates of volatile substance. 
Practically all of the volatile odor material was taken up by the charcoal. 

The ether used for elution was previously purified by shaking with 
concentrated sulfuric acid to remove alcohol, and with 10 per cent ferrous 
sulfate to remove peroxides, in order to prevent possible excessive oxidation 
of the volatile odor substances. The ether was then washed several times 
with water and distilled. 

Elution of the flavor substances from the charcoal with the ether was 
conducted in a Soxhlet apparatus, using a ground glass joint between the 
ether flask and extraction tube. Only small volumes of ether were used. 

The ether was removed from the elution product by distillation from a 
flask connected by a ground joint to a vertical Glinsky fractionating column. 
The ether escaping from the fractionating column was passed through a 
condenser into a receiver. It was impossible to remove the last traces of 
ether without excessive loss of the volatile odor material. The water which 
remained was frozen out and the ether solution decanted. The final ether 
solution having a volume of about 6-8 ml., obtained from around three kilo¬ 
grams of casein, had a very strong odor typical or identical to the char¬ 
acteristic odor of milk and milk proteins excessively irradiated. It was 
necessary to store the solution in a ground glass stoppered flask in a 
refrigerator to prevent loss of volatile odor material. When the flask was 
opened for a few seconds, the room was rapidly filled with the odor. 

Estimation of Sulfhydryls in Milk; Steam Distillation: A recently recom¬ 
mended procedure (3) was employed for the quantitative determination of the 
volatile sulfhydryls of milk exposed to radiation. The method depends upon 
the formation of methylene blue from p-arninodimethylanilme by distillation 
of the sulfhydryls into a hydrochloric acid solution of the reagent in the 
presence of added nitric acid solution of ferric chloride. The color formed 
is stable in light. In the read ion, each sulfur atom distilled as a sulfhydry] 
enables the formation of one molecule of methylene blue. The details of 
the procedure as recommended (3) were followed except that steam and 
vacuum distillation were employed instead of flame heat distillation. Dupli¬ 
cate sets of distillation apparatus were used permitting simultaneous dis¬ 
tillation of different samples of milk. In figure 2 is shown the equipment 
used for the steam distillation of the sulfhydryls. The apparatus was 
made entirely of Pyrex tubing and flasks, the connections being either fused 
or of ground joints. The apparatus consisted of a distilling flask, a KjeldahJ 
connecting bulb, condenser and a vacuum connection receiving flask. 

From fifty ml. of milk, forty-five ml. of distillate were collected in the 
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Pig. 2. Apparatus for separating from milk by steam distillation a distillate con¬ 
taining stilfhydryla. 

receiving flask beneath the surface of the reagents. Color comparisons of 
the distillate and standard methylene blue solutions by use of an Evelyn 
Photoelectric Colorimeter were promptly made. 

The reagents were 0.5 per cent p-aminodimethylaniline in concentrated 
hydrochloric acid and a ferric chloride solution which consisted of 80 ml. 
of 10 per cent boiled-out nitric acid, 40 ml. normal ferric chloride and 40 ml. 
water. In all determinations, one ml. of the p-aminodiinethylaniline solu¬ 
tion, one ml. of a one to ten dilution of the ferric chloride solution, and 
three ml. water were placed in the receivers prior to distillation. 

In order to limit the effect of heat in forming sulfhydryls in the milk, 
the distillation was carried out as rapidly as possible without excessive 
foaming. The difficulty of foaming during distillation was largely pre¬ 
vented by addition of a few milligrams of lecithin to the milk. The time 
of active distillation was approximately 8 to 10 minutes. 

As approximate color standards, suitable dilutions were prepared from 
methylene blue chloride (86 per cent dye content, National Aniline and 
Chemical Company). A concentration curve was established from readings 
promptly obtained using the photoelectric colorimeter. The concentration 
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of methylene blue formed in the distillates from the various samples of 
milk was determined from the colorimeter-concentration curve of the stand¬ 
ard methylene blue solutions. 

Estimation of Sulfhydryh in Milk; Vacuum Distillation: Distillation 
under reduced pressure was also employed to minimize the effect of heat in 
forming sulfhydryls from the milk and to determine the distillation tem¬ 
perature at which appreciable sulfhydryl liberation would occur from milks 
given different degrees of exposure to ultra-violet radiation. 



Fig. 3. Apparatus for separating from milk by vacuum distillation a distillate con¬ 
taining sulfhydryls. 

The equipment used for the vacuum distillations is shown in figure 3 
and consisted of a source of nitrogen, alkaline pyrogallol wash bottle, 
distilling flask, condenser, receiver and vacuum flask. 

Sufficient nitrogen was drawn through the milk to insure vigorous agi¬ 
tation and uniform heating. In the various determinations the total time 
of heating and distilling was limited to 35 minutes. Approximately 45 ml. 
of distillate from 350 ml. samples of milk were collected beneath the surface 
of the methylene blue reagents previously described, and the colorimeter 
determinations made with a Wilkens-Anderson KWSZ Photometer. 

RESULTS OF EXPERIMENTS 

A. Characteristics of the activated flavor concentrate. 

The concentrate of material having an intense activated flavor prepared 
by ether elution of the adsorbate on charcoal from the distillate of casein 
appeared to be a homogeneous solution having a slight yellow color. Addi¬ 
tion of a very small amount of this material imparted to milk a flavor and 
odor very similar to that of milk exposed to radiation. This indicated 
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the concentrate contained at least a large proportion of the compounds 
responsible for the activated flavor of milk. 

When the material was held at -18° C. for 24 hours followed by several 
days ’ storage at about 4.5° C., a few small white crystals were formed. 
Analysis of the solution was not carried further than to show that it gave 
a strong nitroprusside test after treatment with potassium cyanide, and a 
strong sulfhydryl test with the methylene blue reagents after a few milli¬ 
grams of zinc dust were added to the acid solution. Neither of these tests 
was positive without the reduction accomplished by addition of cyanide and 
zinc respectively, indicating the presence of disulfides. 

B. Liberation of sulfhydryls by steam distillation from milk exposed to 
radiation. 

Preliminary trials were made with skimmilk, milk and cream which had 
been exposed to the radiation produced by a quartz mercury-vapor arc for 
periods up to two hours. Rough color comparisons of the methylene blue 
formed in the distillates invariably indicated more sulfhydryl liberation 
from the milk exposed to radiation than from the milk not exposed to 
radiation. 

The quantitative sulfhydryl-methylene blue procedure was applied to 
seven different lots of milk processed in a commercial, quartz mercury 
vapor arc milk irradiator. The milk contained 400 TT.S.P. units of vitamin D 
per quart. The raw milk was selected at random from mixed herd deliveries 
at the Department of Dairy Industry of the University. The samples were 
examined critically and found to possess only a slight degree of activated 
flavor. 

The amount of sulfhydryls in the distillates of the various samples, as 
determined by methylene blue formation, is given in table 1. The values 

TABLE 1 

Sulfhydryl content of distillates obtained by steam, distillation from untreated milk and 
milk exposed to radiation from a quarts mercury-vapor arc lamp 


Lot 

No. 

From milk exposed to 
radiation 

From milk not exposed to 
radiation 

Methylene blue 
chloride* 

Sulfur 

Methylene blue 
chloride* 

Sulfur 


milligrams 

milligrams 

milligrams 

milligrams 

1. 

0.116 

0.0115 

0.069 

0.0068 * 

2. 

0.101 

0.0100 

0.081 

0.0081 

3. 

0.093 

0.0092 

0.065 

0.0064 

4. 

0.101 

0.0100 

0.030 

0.0030 

5. 

0.103 

0.0102 

0.078 

0.0077 

0. 

0.119 

0.0118 

0.087 

0.0086 

7. 

0.114 

0.0113 

0.091 

0.0090 


* Methylene blue chloride formed and its sulfur equivalent in 45 ml. distillate from 
50 ml* of milk. 
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are expressed as methylene blue chloride and as sulfur. It may be observed 
that in every case appreciably more sulfhydryl liberation was obtained from 
the milk exposed to radiation than from the milk not exposed to radiation. 
This indicates that even the limited exposure given milk in commercial units 
increases the lability of the sulfur of the milk and further that sulfur 
compounds may be responsible for activated flavor. 

It was noted in a previous report (4) that gelatin failed to acquire sig¬ 
nificant amounts of the typical activated flavor when exposed to i ; adiation. 
A two per cent solution of gelatin was exposed to mercury-vapor arc radia¬ 
tion for two hours. One hundred ml. of each of the untreated and exposed 
samples was steam distilled into the methylene blue reagents according to 
the procedure used for milk. No perceptible blue color could be noted 
after 45 ml. of either distillate was collected, thus giving a negative test 
for sulfhydryl liberation. 

Fresh egg white was diluted with distilled water and a portion exposed 
to the radiation for one hour. Steam distillation separately, of an untreated 
and an exposed sample into the methylene blue reagents resulted in greater 
blue color in the distillate from egg white which had been irradiated than in 
the distillate from untreated egg white. 

In these experiments the gelatin developed practically none of the 
typical activated flavor or odor, whereas the egg white solution did develop 
the typical flavor and odor, providing further indication that sulfur may be 
involved in the development of activated flavor. 

( Liberation of sulfhydryls by vacuum distillation from milk exposed to 
ultra-violet rad in t ion. 

Because of the small amount of sulfhvdryls liberated by the vacuum dis¬ 
tillation procedure, and in order to accentuate the effect of the radiation, 
the milk used in these experiments was exposed to radiation for 90 minutes. 
The moisture which evaporated was replaced with distilled water. The milk 
possessed an intense activated flavor The amount of sulfhydryls obtained 
from the samples of milk by distilling at various temperatures is given in 
table 2, again expressed as methylene blue chloride and as sulfur. The 
results show that sulfhydryl liberation occurred at appreciably lower tem¬ 
peratures from the milk exposed to the radiation, than from the milk not 
exposed to the radiation. At the distillation temperature (75° C. and 
greater) which caused sulfhydryl liberation from untreated normal milk, 
significantly more sulfhydryl material was obtained from the milk exposed 
to the radiation. At the lowest distillation temperatures used (47-58° C.) 
no sulfhydryl liberation from either samples of milk was detected by the 
test. These results are in agreement with those obtained using distillates 
derived from milk by steam distillation, and indicate that exposure to radia¬ 
tion increases the lability of sulfur of milk. 
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TABLE 2 


Sulfhydryl con tent of distillates obtained by vacuum distillation from untreated milk and 
milk exposed to quartz mercury-vapor arc radiation * 


Distillation 

temperature 

Bath 

temp. 

From milk exposed to 
radiation 

From milk not exposed to 
radiation 

Methylene** 

blue 

chloride 

Sulfur 

Methylene 

blue 

chloride 

Sulfur 



milligrams 

milligrams 

milligrams 

milligram* 

77-79° C. 

95° O. 

0.132 

0.0131 

0.036 

0.0036 

74-75 

90 

0.071 

0.0070 

0.011 

0.0011 

58-70 

85 

0.037 

0.0037 

No blue color 

04-66 

80 

0.019 

0.0019 

No blue color 

58-60 

75 

questionable blue color 

No blue color 

56-58 

70 

No blue color 

No blue color 

47-48 

60 

No blue color 

No blue color 


* Irradiation for 90 minutes with quartz mercury vapor-arc. 

** Methylene blue chloride formed, and its sulfur equivalent in 45 ml. distillate from 
350 ml. of milk. 


DISCUSSION AND CONCLUSIONS 

A method was developed for isolating and concentrating a highly volatile 
flavor and odor material believed responsible for the typical activated flavor 
produced in milk exposed to solar or artificial sources of radiation. Analysis 
of the material so isolated was not possible because of the small yield of 
product obtainable. Distillates from milk containing the flavor yielded a 
positive test for sulfhydryls, whereas the concentrate prepared according 
to the method described yielded only a strongly positive disulfide test. It 
is believed this is due to the oxidation of sulfhydryls during isolation of the 
flavor concentrate material. The chemical similarity of sulfhydryls and 
disulfides indicates the similarity of the flavor bearing products, and the 
role of sulfur bearing compounds in the source of the flavor. 

The sulfur of milk exposed to ultra-violet radiation is more heat labile 
than that of milk not so exposed to radiation. The sulfur of egg white, which 
acquires a typical activated flavor when exposed to radiation is more labile 
than the relatively small sulfur content of gelatin which fails to acquire 
the flavor when exposed to radiation. This is further evidence of the role 
of sulfur compounds in the production of activated flavor. 

Milk exposed to radiation may be differentiated from milk not exposed 
to radiation by use of a colorimetric test for sulfhydryls. 

The increased lability of the sulfur of milk exposed to radiation also 
appears to be good evidence of the possible role of sulfur compounds in for¬ 
mation of the activated flavor. Although a limited heat treatment was 
necessary to remove sulfhydryls from milk exposed to radiation, the libera¬ 
tion occurred with less heating than was required for milk not so treated. 
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HERMANN C. LYTHCiOE 
Massachusetts Department of Public Health 

There are more than three hundred registered goat breeders in Massa¬ 
chusetts. Information was received that; the Goat Breeders' Association 
intended to introduce legislation pertaining to the sale of goat milk. It was 
deemed advisable to obtain samples of goat milk for analysis, the results of 
which would be of value to the legislative committee considering the pro¬ 
posed bill, which recommended standards for total solids and fat lower than 
those usually reported. 

The reports of the Division of Livestock Disease Control of the Massa¬ 
chusetts Department of Agriculture made by the animal inspectors of the 
cities and towns in the state show the following number of goats in the 
respective years: 1934, 1,200; 1936, 1,598; 1937, 2,181; 1938, 2,527. 

At this rate of increase there should have been 3,088 goats in Massachu¬ 
setts at the close of 1939. It. is probable that not all of the goats are neces¬ 
sarily reported by the local animal inspectors. For this reason Dr. Ilarrie 
W. Peirce of the Division of Livestock Disease Control has estimated that 
at the close of 1939 there were nearly 4,000 goats in Massachusetts. Of this 
number only 246 have been “abortus tested, M all of which were negative (1). 
Although this number of goals is altogether too small to produce even a 
minute portion of the two million quarts of tiuid milk necessary for daily 
consumption as such, yet the number is sufficiently large to be of public 
health and legal significance. 

A review of the literature of the past ten years shows considerable work 
pertaining to the composition of the fat of goat milk; but with one exception, 
nothing was found relating to variance in the solids, fat, proteins, etc., of 
goat milk, 

Konig (2) quotes 111 analyses; Richmond (3) quotes Konig, Moser and 
Soxhlet, Fleishmann, Pizzi, Richmond, Pieeardi, Steinegger, and Bosworth. 
Associates of Rogers (4) quote Frahm (5), giving the average of 326 samples 
by 18 investigators. These figures are shown in the table on p. 1098. 

In March, 1939, after this study was started there appeared Technical 
Bulletin 671 of the United States Department of Agriculture on the subject 
of goats' milk by J. A. Gamble, N. R. Ellis, and A. K. Besley (6). That 
bulletin gives the results of a study extending over a period of three years. 
The goat milk used in that study was obtained from one herd of from twenty 
to thirty-five goats. The analyses reported are mostly of herd milk, but the 
data do not contain any figures relating to milk serum constants or to the 
phosphatase content. 

Received for publication May 19, 1940. 
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Source 

Solids 

Fat 

Lactose 

Proteins 

Ash 

Casein 

Albumin 


% 

% 

% 

% ! 

% 

% j 

% 

Konig Highest 

17.98 

9.38 

5.72 

l 

6.59 

i 

1.36 

Lowest 

9.84 

2.29 

2.80 


2.34 


0.35 

Average 

13.12 

4.07 

4.44 


3.76 


0.85 

Richmond quotes 








Konig 

14.29 

4.78 

4,46 

3.20 


1.09 

0.76 

Moser and Soxhlet 

13.52 

4.43 

4.56 

3.44 


0.30 

0.79 

Fleishmann 

14.50 

4.80 

4.00 1 

3.80 


1.20 

0.70 

Pizzi 

13.25 

5.35 

3.60 j 


3.64 


0.67 

Richmond 

13.24 

3.78 

4.49 

j 

4.10 


0.87 

Piccardi 

17.54 

6.10 

3.95 

5.56 


1.01 

0.93 

Steinegger 

12.00* 

3.25 

4.80 


3.92 


0.63 

Bosworth 


3.80 

4.50 


3.10 



Associates of Rogers 








quotes Frahm 

12.86 

4.09 

4.20 

j 

3.71 


0.78 


* This figure is quoted as 88.40 per cent moisture. Tt is obviously erroneous, since 
the sum of the fat, proteins, lactose, and ash is 12.00 and not 11.60; 

In the absence of specific information relative to the source of the milk, 
the chemist making the analysis must assume that the sample may have been 
obtained from an individual animal and must base his conclusions as to 
whether the milk is normal or adulterated by comparison with analyses of 
milk obtained from individual animals rather than from herds. This is more 
important in dealing with goats’ milk than with cows’ milk because the goat 
herds are small, usually from three to five goats each, and if any abnormality 
exists in the milk of any one of these goats, it will not be effectively lost in 
the mixture as is usually the case with cows’ milk where the herds are larger. 

EXPERIMENTAL 

The figures reported herein may be of interest since they represent milk 
obtained mostly from individual goats and include figures relating to the 
serum constants and also pertain to a study of the phosphatase content of 
goats’ milk. Most of the goats were stall-fed with but little pasture. In a 
few instances alfalfa pastures were available. All but fifty of the samples 
used in this study were collected by Dr. G. L. Drury, a Veterinary Inspector 
with this Department. Each sample except one commercial sample was 
milked in the presence of an inspector of the Department, the inspectors 
personally delivering the samples to the chemists who made the analyses. 
The first samples were collected late in December, 1938, and it was then 
ascertained that there would be but little goat milk available until February. 
Samples, however, were obtained during January, February, March, May, 
June, July, August, and September. 

The methods of analysis are as follows: Total solids were determined 
by drying a five-gram sample in a flat-bottomed platinum dish for two hours 
at the temperature of boiling water. The ash was determined by burning 
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with nitric acid the residue from the total solids. The fat was determined 
by the Babcock method. The total nitrogen, casein, lactose, freezing point, 
copper serum refraction, and acetic serum ash were determined by the 
official methods of the A. 0. A. C. The phosphatase was determined by 
the Scharer method. (7) The calcium was determined upon the ash of the 
sour milk serum of the goat milk. This should give results as correct as 
if the determination were made upon the asli of the milk itself as was 
done on the samples of cow's milk. The method of analysis is as follows: 
After weighing the ash it was dissolved in dilute hydrochloric acid, the 
solution was nearly neutralized, sodium acetate and acetic acid were added, 
and the calcium was precipitated from the boiling solution by potassium 
oxalate. The precipitated calcium oxalate after filtering and washing 
was dissolved in hot dilute sulphuric acid and was titrated hot with per¬ 
manganate. 

Table 1 gives the summary of the analyses of these samples, the highest 
figure, the upper quartile, the median, the average, the krwer quartile, and 
the lowest figure being given in each instance. Table 2 gives similar figures 
for samples of herd milk. The thirteen samples collected in the last week 
of December are included with the January samples, and May, June, and 
July samples are compiled together. No samples were collected during 
April. The samples collected in December and January were from seventy- 
seven individual goats and from one herd. The quantity given by each 
goat was small, and the average time since kidding was 6.24 months. Only 
a few goats had kidded recently, and many had been in lactation for more 
than a year. The milk collected during this period is characterized by 
high total solids. The goats supplying the samples collected in February 
showed an average of eight months since kidding, and the milk averaged 
in composition about the same as that of the samples collected in January. 
The lactation period for March averaged 2.1 months, yet the average com¬ 
position of the milk varied only slightly from that produced in January 
or February. The samples collected during May, June, and July averaged 
much lower in total solids than the other samples. The average stage of 
lactation for these samples was 3.4 months, which w r as longer than that of 
the goats supplying the milk collected during March. Eighty-seven more 
samples were collected in August, the average period of lactation being 
nearly five months. This is considerably longer than the lactation period 
for the samples collected during May, June and July, and it averages 
nearly as long as that for those for January and February. Notwithstand¬ 
ing this advance in the lacation period, the solids content of the milk 
was on the average the lowest of any collected. 

Table 3 gives the average composition reported by Gamble et al. (6, p. 
14), together with the averages reported in table 1. Both figures show a 
high solids concentration in the milk produced in February and a low solids 
concentration in that produced in August. 
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TABLE 3 

Herd Milk Analyses of V. S. Department of A gricvl lure ( 6) and 
Average of Analyses Reported Here 


Month 

Total 

solids 

Fat 

Solids 
not fat 

Lactose 

Pro¬ 

teins 

Ash 

Protein- 
fat ratio 


% 

% 

% 

% 

% 

% 

% 

February . 

13.05 

4.30 

8.75 

4.91 

3.39 

0.82 

0.79 

March . 

12.45 

4.10 

8.35 

4.46 

3.34 

0.79 

0.79 

April . 

11.82 

3.70 

8.12 

4.68 

2.98 

0.76 

0.80 

May . 

11.49 

3.50 

7.99 

4.62 

2.87 

0.76 

0.82 

J une . 

11.19 

3.50 

7.69 

4.34 

2.88 

0.77 

0.82 

July . 

11.06 

3.30 

7.76 

4.49 

2.79 

0.75 

0.84 

August . 

10.78 

3.10 

7.68 

4.40 

2.77 

0.77 

0.89 

September . 

10.80 

3.10 

7.70 

4.44 

2.87 

0.77 

0.92 

October . 

11.85 

3.50 

8.35 

4.50 

3.22 

0.80 

0.92 

November. 

11.91 ; 

3.20 

8.71 

4.38 ! 

3.61 

0.85 

1.13 

December 

12.36 ! 

3.50 

8.86 

4.75 1 

3.53 

0.85 

1.00 

Average 

11.71 ' 

3.50 

8.21 

4.55 < 

3.10 

0.79 , 

0.89 

Average from Table 1, 
individual goats. 
December and January 

i 

14.50 ' 

5.08 

9.42 ! 

4.78 

3.99 

0.84 

0.78 

February 

14.56 

5.13 

9.43 I 

4.87 

3.97 

o.85 ; 

0.78 

March. 

j 14.08 

4.80 

9.28 

5.03 | 

3.74 

0.76 

0.80 

May, June and July 

12.24 : 

3.79 

8.45 

4.66 ! 

3.34 

0.77 

0.86 

August . 

11.44 1 

3.37 

8.07 

4.32 

2.99 

0.78 

0.89 

September 

12.29 : 

3.98 

8.3,1 | 

4.49 

3.16 

0.79 ' 

0.82 


The analyses reported by Gamble show on the average a lower total 
solids and fat percentage than do those in table 1 and are less variable than 
those shown in table 2. 

Most of the goats producing milk used in this study were of the Saanen 
and Toggenburg breeds. The analyses of the samples obtained from the 
Saanen and Toggenburg goats have been tabulated. During December, 
January, February, and March eighty samples were obtained from Toggen¬ 
burg goats with an average solids of 14.18 per cent, fat of 4.97 per cent, 
and solids not fat of 9.21 per cent. During the same period samples were 
obtained from sixty Saanen goats, giving milk with an average solids of 
14.24 per cent, fat of 4.95 per cent, and solids not fat of 9.29 per cent. 
During May, June, and July samples from thirteen Toggenburg goats were 
obtained with an average solids of 12.20 per cent, fat of 3.73 per cent, solids 
not fat of 8.47 per cent. During the same period samples with an average 
solids of 12.14 per cent, fat of 3.66 per cent, and solids not fat of 8.48 per 
cent, were obtained from twenty-seven Saanen goats. It appears from 
these figures that there is but little difference in the quality of the 
milk produced by these two breeds of goats. Several goat breeders stated 
that the Nubian goats gave richer milk than did the goats of the Saanen 
and Toggenburg breeds. Only eighteen Nubian goats were among those 
from which samples were obtained. The total solids of eight such samples 
collected during January, February and March varied from 15.32 per cent 
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to 18.40 per cent with an average of 17.13 per cent. Similar figures for 
the fat were 5.35 per cent, 9.00 per cent and 6.63 per cent respectively. The 
ten samples collected during June and August contained total solids from 
11.38 per cent to 14.48 per cent with an average of 13.37 per cent and fat 
from 3.35 per cent to 5.50 per cent with an average of 4.45 per cent. These 
figures average higher than the results of the total samples collected, which 
for the 174 samples collected in January, February and March was 14.44 
per cent total solids, 5.04 per cent fat and for the 136 samples collected in 
May, June, July and August was 11.74 per cent total solids, 3.52 per cent fat. 

TABLE 4 

Comparison of Copper Scrum Refraction and Serum Ash of Goats' and Cows 9 Milk 


Copper serum 
refraction 

834 samples of 
cows 9 milk 

174 samples of 
goats * milk col¬ 
lected Dec., Jan., 
Feb,, Mar. 

128 samples of 
goats 9 milk col¬ 
lected May, June, 
July, Aug., Sept. 

20° C. 

Per cent of total 

rev rent of total 

Per cent of total 

samples 

samples 

samples 

34.0 to 34.9 . 



3.1 

35.0 to 35.9. 


1.1 

20.3 

36.0 to 36.9 . 

14.8 

7.5 

46.1 

37.0 to 37.9 . 

35.8 

24.2 

20.3 

38.0 to 38.9 . 

40.7 

26.4 

9.4 

39.0 to 39.9 . 

8.1 

OO PJ 

0.8 

40.0 to 40.9 .... . . j 

0.6 

13. M i 


41.0 to 41.9. ! 


4.0 


42.0 to 42.2 . 


0.5 


50% of samples 




between . 

37.4 and 38.4 

37.6 and 39.5 

i 

35.9 and 37.1 


Serum asli 


0.72 . 

0.7a to 0.76. 

0.77 to 0.80 . 

0.81 to 0.84 . 

0.85 to 0.88. 

0.89 to 0.92 . 

0.93 to 0.96 . 

0.97 to 1.00 . 

1.01 to 1.04 . 

1.05 to 1.08 . 

1.09 to 1.12 . 

1.13 to 1.16 . 

1.17 to 1.20 . 

1.21 to 1.24. 

1.25 to 1.26. 

50% of samples 
between . 


Sour scrum ash, 
371 samples of 
cows ' milk 


Per cent, of total 
samples 

31.4 

41.4 
17.7 

7.3 

1.4 

0.8 


0.759 and 0.804 


Acetic serum ash, 
150 samples of 
goats' milk col¬ 
lected Dec. to Mar. 

Per cent of total 
samples 
0.7 
1.3 

15.3 

17.3 

25.3 
18.0 
14.0 

1.3 

2.7 


0.7 


0.7 


0.822 and 0.910 


Acetic serum ash, 
120 sainjiles of 
goats' milk col¬ 
lected May to Sept, 

Per cent of total 
samples 


7.5 

22.5 

21.7 

25.0 

15.0 

7.5 

’"".8 


0.793 and 0.878 
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As in the cows’ milk the fat percentage is the most variable, the per 
cent of fat being higher during the winter months than it is during the 
summer. This seasonal variation is much greater in goats milk than in cows 
milk. The milk sugar does not differ greatly from that of cows’ milk but 
averages somewhat lower. The proteins of goats’ milk are, however, higher 
than those of cows’ milk and are characterized by a lower casein content. 
The protein-fat ratio so useful in detecting skimming in cows’ milk is of but 
little value when applied to goats’ milk. The protein-fat ratio calculated 
from the figures reported by Gamble et al. (6) varies from 0.79 to 1.18. 
The figures reported here average from 0.7G to 0.89, with individual figures 
varying from 0.49 to 1.55. 

Table 4 gives a comparison of the acetic serum ash of 270 samples of goat 
milk with the sour serum ash of 271 samples of cows’ milk (8). In com¬ 
paring these figures it should be understood that the acetic serum ash is 2 
per cent lower than that of the sour serum. The same table also shows the 
comparison of the copper serum refraction of 802 samples of goat milk with 
that of 884 samples of cows’ milk. Many years experience with these 
figures obtained from cows’ milk shows but little seasonal variance. A 
recent compilation from records of this department shows an average copper 
serum refraction of 87.8 from 288 samples of known purity cows’ milk 
collected in the winter, and of 37.(i from 385 samples of known purity cows’ 
milk collected in the summer. The saint? figures from goats’ milk show a 
marked seasonal variance and consequently in table 4 the results obtained 
from samples collected from December to March have been compiled 
separately from those collected from May to September. The serum ash of 
goats’ milk varies more than that of cows’ milk, and particularly in the 
winter is characterized by a higher figure. It is unusual to find serum ash 
figures above 0.88 in cows’ milk but 40.1 per cent of the goat milk samples 
collected in the winter and 23.3 per cent collected in the summer gave sera 
with higher figures. It is unusual for the copper serum refraction of cows’ 
milk to be above 40.0 or below 36.0, but 18.3 per cent of the goat milk 
collected in the winter gave sera above that figure as did 10.5 per cent of 
those collected in the summer. Few of the samples of goat milk gave copper 
sera with refraction below 36 in the winter, but 10.7 per cent of the samples 
gave sera of this character in the summer. 

This is difficult to understand, unless it is due to a high albumin content 
in the winter and a low albumin content in the summer. Unfortunately, 
in this study the casein was determined only in the winter, and the same 
statement is also true to similar results reported by Gamble et al. (6) The 
average protein content of the 174 samples collected in the winter w r as 3.93 
per cent and of the 127 samples collected in the summer was 3.07 per cent, 
representing a drop of 21.9 per cent which exceeds that of any other 
constituent except the fat. The non-casein proteins coagulable by heat have 
a greater influence on the concentration of goat milk serum than of cow 
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milk serum. Sixty-two samples were examined in February and March, 
1940. The copper refraction plotted against the proteins of tlie serum 
shows a well-marked zone, the lower portion from 36.5 refraction 0.50 
protein to 39.5 refraction 1.10 protein; the upper portion from 39.0 refrac¬ 
tion 0.50 protein to 41.8 refraction 1.00 protein. The copper serum of each 
sample was heated for five minutes in a boiling water bath, filtered, and the 
refractive index again determined. The figures show a drop of from 0.8 
to 3.8, average 2.08. Similar figures on known purity cows’ milk show a 
drop of from 1.2 to 1.7 in copper sernm refraction after heating. The 
freezing point depression in goats’ milk is greater than in cows’ milk. The 
amount of added water in cows’ milk is computed from a freezing point de¬ 
pression of 0.55° 0. The average of this figure for goats’ milk varied from 
0.57° C. to 0.59° C. The percentage of calcium in the ash is shown in table 
5; it averaged 16.13. Four samples of herd milk from pure bred cows were 
obtained during July, and the calcium and ash were determined on each, 
using twenty-five-gram samples, each figure representing the average of 
three determinations. The percentage of calcium in the ash of the milk 
obtained from pure bred Jersey cows was 18.74; from pure bred Guernsey 

TABLE 5 

Per cent of Calcium in the Acetic Serum Ash of Fifty Samples of Goats* Milk 


Lowest 

13.11 

Lower quartile 

14.90 

Median 

1(5.13 

Average 

1(5.08 

Upper quartile 

17.02 

Highest 

19.95 


cows, 18.49; from pure bred Ayrshire cows, 17.24, and from pure bred Hol¬ 
stein cows was 16.20. 

Experiments w r ore undertaken to ascertain if proper pasteurization of 
goats’ milk would inactivate the phosphatase. Preliminary experiments 
indicated that if goats’ milk were pasteurized at 142° F. for thirty minutes 
the phosphatase would be inactivated. In order to be sure that no 
idiosyncrasy of an individual goat could be responsible for opinions to the 
contrary, thirty-nine samples of milk obtained from individual goats were 
pasteurized in the laboratory. The Scharer modification of the phosphatase 
test was used, the reagents were prepared in the laboratory, and the incuba¬ 
tion period was ten minutes. Of the thirty-nine raw samples collected one 
gave the deep blue color characteristic of the presence of phosphatase and 
similar in extent to the reaction given by raw cows’ milk. Five samples 
gave a medium blue color, eleven gave a light blue color, ten a faint blue 
color, seven were indeterminate, and five gave negative reactions. These 
samples were pasteurized in the laboratory in test tubes at a temperature of 
142° F. After five minutes at this temperature thirty*three gave negative 
phosphatase reactions, and in six samples the reaction was indeterminate. 
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After ten minutes of pasteurization thirty-six were negative, and three were 
indeterminate, but in fifteen minutes all were negative. Scharer (10) states 
regarding the modified method, “Chocolate drink, A^itamin I) milk, con¬ 
densed milk, goat milk and the like need no special treatment other than a 
control determination.” lie gives no figures relating to the thermal de¬ 
struction of the phosphatase of goat milk. 

In consideration of this phase of the subject the bacterial count may be' 
of interest. During February, March and April, 1940 bacterial counts 
have been made upon goat milk. The goats were milked in the evening, the 
milk was refrigerated, and the plates were made the following day, corre¬ 
sponding to usual commercial conditions, using the new standard media of 
the American Public Health Association (11). Astonishingly low results 
were obtained. Of the 133 samples examined, one sample gave a count of 
less than 10, and the highest count was 85,000. The lower quartile was 131; 
the median was 575; the geometric mean was 586; the arithmetic mean was 
1,130, and the upper quartile was 1,830. The geometric mean of the bac¬ 
terial counts of 88 samples of raw certified milk examined during 1939 was 
2,389. 

Besley (12) has stated that the average bacterial count over a period of a 
year was 1,300 colonies per cubic centimeter. He collected samples 
aseptically from 23 goat udders and reports that 40 per cent of the milk 
did not show any bacteria, thus accounting for the low count of market goat 
milk. 

SUMMARY AND CONCLUSIONS 

Goat milk of known purity from 335 individual goats and 21 herds has 
been collected and analyzed. Determinations of solids, fat, total proteins, 
casein, lactose, ash, freezing point, and serum constants have been made. 
The per cent of calcium in the ash has been determined on fifty samples and 
has been compared with similar determinations on herd milk from pure bred 
cows. The rate of inactivation of the phosphatase of goat milk has been 
determined. 

The watering and skimming of goat milk can be practiced to a greater 
extent with less chance of detection than is the case with cows’ milk due to 
the greater variance in the serum constants of goat milk as well as of the 
freezing point. 

The variation in the total solids and the fat is greater than is the case 
with cows’ milk. In this work 85 per cent of the samples were obtained 
from Saanen and Toggenburg goats giving milk as nearly alike as could be 
obtained from Jersey and Guernsey cows, yet the individual variance is 
more marked than that found between Jersey and Holstein cows (9). 

The goat milk produced in the summer months is inferior in solids 
content to the average market milk sold during the same period, and in order 
to obtain the same food value as that of cows’ milk its consumption must be 
increased by 10 per cent. 
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Although the per cent of calcium in the ash of goat milk is substantially 
the same as in cows’ milk, yet because of the higher ash content it is a 
valuable food when an excess of calcium is desired in the diet. 

A study of the data indicates that the seasonal variation in composition 
is more marked than the variation with the lactation period. 

The daily production per goat is small and in the 178 cases where a 
record was obtained it varied from 1 to 11 pounds with an average of 4.95 
pounds per goat. 

The phosphatase test is of little value in determining if goat milk is 
imsteurized as defined by law. If the phosphatase has not been inactivated 
the milk is raw milk, but it will be inactivated at pasteurization temperature 
considerably before the expiration of the legal holding time. 
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EFFECT OF THE PROPERTIES OF THE FAT AND OF THE FAT 
GLOBULE SURFACE ON LIPOLYTIC ACTIVITY IN MILK 

V. N. KRUKOVSKY and PAUL ¥. SHARP 
Department of Dairy Industry, Cornell University , Ithaca , New York 

INTRODUCTION 

It may safely be assumed that all normal, raw, cow’s milk contains lipase. 
It has been demonstrated that the velocity of lipase action on milk fat can 
be greatly accelerated by the so-called “activation” methods such as (I) 
homogenization (6,13); (2) shaking (5, 10) ; and (3) cooling, warming and 
cooling (9). It is reasonable to assume that the quantitative effects obtained 
are dependent on (1) the amount of enzyme, (2) the properties of the fat., 
and (3) the properties of the interfacia! layer. 

This paper presents the results of some experiments which show that the 
properties of the milk fat as well as the conditions of the fat-plasma interface 
influence the lipolytic hydrolysis of milk fat. 

EXPERIMENTAL 
Effect of fat content 

In order to determine the effect of concentration of substrate upon Jipoly- 
sis, samples containing increasing amounts of fat were prepared by recom¬ 
bining the cream and skimmilk separated from fresh, raw milk. These 
samples were activated by cooling to 2° C., warming to 30° C. and recooling 
to 2° C. The increases in acidity of the plasma and of the fat were deter¬ 
mined. The results presented are the differences in acidities obtained by 
subtracting the value of the pasteurized control after all samples had been 
held for 24 hours at 2° C. The acidity of the fat was determined by titrating 
5 grams of fat with 0.05N alcoholic NaOH. The results are expressed in acid 
degrees, that is, ce. of IN alkali per 100 grams of fat (7). 

The data presented graphically in figure 1 show that the acidity of the 
total fat phase on the basis of the product increased with increasing fat con¬ 
tent up to 35-45 per cent of fat, but that the acidity per unit of fat increased 
only up to about 8 per cent fat and from this point on the acidity per unit 
of fat slowdv declined. The titratable acidity of the plasma phase, expressed 
as lactic acid, increased with increasing fat content up to about 6 per cent; 
however, at increasing levels of fat the titratable acidity of the plasma phase 
remained approximately constant. These results show the influence of the 
ratio of fat to plasma phase on the rate and character of milk fat lipolysis. 
At the higher levels of fat content the acid degree of the fat may be less, 
even though the total acids produced in the cream may be greater. At the 
fat percentage w T here the acid degree of the fat starts its decline, the acidity 

Received for publication May 29, 1940. 
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Fig. 1. Effect of increasing fat content on lipolysis after activation by cooling, 
warming and cooling. Values represent increase in acidity as a result of holding for 24 
hours at 2° C. 

of the plasma phase becomes constant. This interrelation indicates a de¬ 
pressing effect of the water-soluble fatty acids, produced by lipase activity, 
on the further activity of the lipase itself, and the establishment of a par¬ 
tition of the fatty acids between the plasma and the fat which reduces the 
hydrolysis of the glycerides which produce the water-soluble acids. The 
lipase continues to hydrolyze glycerides which do not produce water-soluble 
acids. It is intended to investigate this point further. 

Separation of milk fat fractions 

Chevreul (4) showed in 1823 that milk fat was a mixture of glycerides 
which he succeeded in separating into three fractions on the basis of their 
relative solubilities in alcohol. Much later Amberger (1, 2), using frac¬ 
tional crystallization from ether, alcohol and acetone, separated a number 
of fractions based on melting points, and claimed by this method to have 
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isolated small amounts of triolein and tristearin. Pizzi (11) separated milk 
fat into six fractions by removing the crops of crystals resulting from step¬ 
wise cooling. He found that the iodine number and Reiehert-Meissl number 
of the fractions increased as the temperature at which the crystalline frac¬ 
tions were removed decreased. 

The method of fractional crystallization was used to prepare a series of 
fractions of milk fat obtained from butter churned from fresh pasteurized* 
cream. The water phase of the butter was separated from the fat by centri¬ 
fuging in cups in a warmed centrifuge. The clear, supernatant oil was 
filtered through filter paper in a hot water funnel. The mixed glycerides 
were separated into a number of fractions by removing the crystals produced 
by stepwise cooling. The oil was first held for a week or two at a constant 
temperature of 30° C., the crystals formed were removed by filtration 
through a Buchner funnel, and the oil filtrate was then adjusted to a lower 
temperature for an additional period of holding, the second crop of crystals 
was removed, etc. A final oil was obtained in which no crystals were formed 
as a result of holding for several months at 4° C. Sharp separation of chemi¬ 
cal entities is of course not produced by this single series of fractionations; 
however, the products thus obtained have sufficiently different properties to 
indicate trends. The yields of the various fractions are shown in figure 2. 



Fig. 2. Yield of crystalline milk fat resulting from stepwise cooling to a series of 
temperatures. 

Attention should be called to the possibility that the presence or absence of 
at least certain portions of one fraction may affect the solubility of the other 
fractions in the residual mixture. Crystallization temperatures above 30° 
C., although not used in this instance, will produce small crops of crystals, 
as figure 2 indicates. 
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A number of the fat constants were determined on the various fractions 
using the A.O.A.C. (3) methods. The results are presented graphically in 
figure 3. 



Fig. 3. Fat constants of various milk fat fractions separated by stepwise cooling. 

The iodine numbers of the fractions obtained at temperatures lower than 
15° C. show a marked increase, while the iodine numbers of the fractions 
separated above this temperature show a relatively slight decline. The data 
for refractive index show the same general trend. The curves for saponifi¬ 
cation value 1 and Reich ert-Meissl number are similar in shape, the values 
tending to decrease in fractions above 15° C. and to remain constant in 
fractions obtained below this temperature. In general, figure 3 indicates 
that the fractions removed at the higher temperatures yield filtrates which 
are progressively richer in the shorter chain, low-molecular-weight acids and 
slightly richer in unsaturated acids down to 15° C. Below this temperature 
fractionation produced little change in molecular weight, but did markedly 
enrich the filtrate in its content of unsaturated fatty acids. The progressive 
crystallization of the various fat fractions is determined by their solubility 
in the uncrystallized glycerides remaining in solution at the various tem¬ 
peratures. It is apparent that the mutual solubility of the individual frac- 

i The saponification values were kindly determined by Professor B. L. Herrington. 









LIPOLYTIC ACTIVITY IN MILK 


im 


tions decreases with a lowering in temperature and the glycerides separate 
successively to the extent of their lowered solubility and the volume of solute 
available. 

Lipolysis of milk fat fractions 

Re-emulsified creams of 35 per cent fat content were prepared using pas¬ 
teurized skimmilk and the following milk fats: unfractionated milk oil and 
fat fractions which were crystallized at 30, 25, 13, 10, and 4° C., and the oil 
remaining uncrystallized at 4° (J. Re-emulsification was produced by ho¬ 
mogenization. The attempt was made to produce fat emulsions in which 
the fat globules approximated in size those in normal milk. The adsorption 
layer on redispersed fat globules is of different composition and properties 
from the material present on the natural fat globules. We have used the 
term “resurfaced” to designate such globules. Each cream was diluted with 
portions from the same lot of raw skimmilk to produce a 3 per cent fat milk. 



Fig. 4. Effect of preheating to various temperatures on the increase in acidity due to 
lipolyais resulting from 24 hours of holding at 2° C. Curves represent natural raw milk 
and reconstituted milk prepared from raw skimmilk and homogenized cream prepared 
from various fat fractions. 
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These milks, as well as a sample of the normal, whole, raw milk were cooled 
to below 5° C. and were then subjected to temperature activation. The milks 
were warmed gradually and aliquot samples were taken at 5, 10, 15, 20, 25, 
80, 35, 40, 45 and 50° C. and recooled. The acidities of the fats were deter¬ 
mined after 24 hours of holding at 2° C. The increases in acidity as a 
result of holding are presented in figure 4. The data reveal that resurfacing 
of the fat as a result of emulsification with skimmilk renders the fat more 
susceptible to attack by lipase. Furthermore, since the lipase was already 
in the active state as a result of the resurfacing of the milk fat, it failed to 
respond in any appreciable degree to the activating influence of cooling, 
warming and cooling which exerts such a pronounced effect on normal, raw, 
whole milk with its naturally surfaced fat globules. The data in figure 4 
show clearly that lipolysis was progressively greater with the fractions of 
progressively lower crystallization temperatures. About twice as much acid 
was produced during 24 hours holding at 2° C., in the fraction which did not 
crystallize at 4° C-, as compared with the fraction which crystallized at 30° 
O. Attention should be called to the probability that the samples heated 
to 50° C. in figure 4 were partially inactivated by heat and oxygen, and this 
probably accounts for the slightly lower values obtained with some samples 
heated to that temperature. 

The conditions at the fat-plasma interface as influencing the tnngeralurc 
coefficient of lipase action in milk 

It was previously observed (13) but not reported at that time, in connec¬ 
tion with cream separated at 85° F. from previously cooled milk, that the 
titratable acidity increased more rapidly the lower the temperature of hold¬ 
ing. It was shown that the titratable acidity of homogenized milk increased 
with the temperature of holding. It was also shown (9) that the warming 
of cold, natural, raw milk to 30° C. greatly accelerates the lipolysis when the 
milk is recooled. However, the maximum effect does not appear unless the 
milk is cooled below 15° C. (59° F.). The above observations, and the data 
presented in figure 4, we interpreted as showing the marked contrast between 
natural and resurfaced fat globules. 

A series of experiments was performed to show that the negative tem¬ 
perature coefficient for lipase activity was associated with the natural ma¬ 
terial on the surface of the fat globules, and that the expected normal posi¬ 
tive coefficient was obtained when the fat was resurfaced. Reconstituted 35 
per cent fat cream was prepared by homogenizing at 50-60° C. aliquots of 
the same pasteurized skimmilk with the following fat fractions: fraction 
crystallizing at 30° C., fraction not crystallizable at 4° C., pure triolein (m.p. 
-17° C.), pure trielai’din (m.p. 38° C.), 2 and unfractionated milk fat. These 

2 The sample of triela'idin was a preparation kindly furnished by Dr. Gordon Ellis of 
the Laboratory of Animal Nutrition of Cornell University. 
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creams, cooled to 37° C., were then diluted to 3 per cent fat with aliquots of 
the same raw skimniilk, also adjusted to 37° C. The five lots of milk de¬ 
scribed above, as well as one from the original whole milk taken at the time 
of milking, were placed in ice water. Samples were taken from each lot as 
the temperature fell to 25, 20, 15, 10 and 5° C. The samples removed were 
maintained at these same temperatures for 24 hours. In addition one lot of 
original whole milk was activated by cooling and warming, and aliquots were 
taken at these same temperatures daring the second cooling. 

Figure 5 shows the increase in the acidity of the fat as the result of 24 
hours holding at the different temperatures. Lipolysis proceeded faster, the 



fat and of fat fractions. 


higher the temperature, in the case of all reemulsified fats, whereas lipolysis 
was faster the lower the temperature in the case of the fat globules with 
natural surfaces; this effect is shown most strikingly with the natural milk 
after activation. This experiment shows very clearly the difference in lipo¬ 
lytic susceptibility of fat globules with natural surfaces as contrasted with 
resurfaced fat globules. 
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As in figure 4, also in figure 5, lipolysis is greater the lower the melting 
point of the fat. A sharp break in the curve for the reemulsified, unfrac¬ 
tionated fat occurs at 15° C. Near this temperature occurs a marked soften¬ 
ing of the fat as shown by specific heat (12) determinations. Triolein and 
its isomer, trielai’din, were used for comparative purposes because their melt¬ 
ing points are more definite, and widely different, whereas the ‘ ‘ melting 
points of milk fat and to a lesser extent of milk fat fractions are more or less 
indefinite because they are mixtures. Lipolysis of the triela’idin proceeded 
more slowly than of the triolein, as was expected from the difference in 
physical state. The curves for resurfaced fat globules indicate that the 
velocity of the lipolytic reaction and its final equilibrium are influenced by 
the physico-chemical properties of the fat. 

Effect of natural variations in fat, enzyme content, and the conditions at the 
fat-plasma interface on lipolytic activity 

The marked effect of the properties of the fat and the conditions at the 
fat-plasma interface raises the question as to the possibility of some of these 
variations occurring naturally. The following experiments were carried out 
to test this point. Milk from 9 individual Holstein and 8 individual Jersey 
cows was separated. The skimmilks were used to prepare standardized, 4 
per cent fat milk, using in one series the same Holstein cream and in the 
other the same Jersey cream. In addition the lipolytic activity of the natu¬ 
ral, unseparated milks was tested. The lipase in all milks was activated by 
cooling, warming and cooling, and the increase in acidity of the fat as a 
result of holding for 24 hours at 2° C. was determined. The results are 
expressed graphically in figure 6. 



Fig. 6 . Effect of raw skimmilk from various cows on the lipolysis of natural fat 
globules when natural whole and standardized milks were activated by cooling, warming 
and cooling. Increase in acidity as a result of holding for 24 hours at 2° C. 
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The samples are arranged in ascending order of the lipolysis of the milk 
standardized with Holstein cream. In general, the other two curves show a 
trend upward from left to right, indicating a variation in enzyme content in 
spite of the marked irregularities. Attention is called to the fact, however, 
that the lipolytic activities of the series of skimmilks standardized with Hol¬ 
stein and with Jersey cream do not exactly parallel each other, although all 
samples contain the same amount of fat, the samples in each series contain¬ 
ing the same kind of fat and fat globules, and the pairs made from the same 
skimmilk contain the same amount of lipase. The chance differences be¬ 
tween the tw r o kinds of fat or cream probably explains why more lipolysis 
occurred in the Holstein fat. We are inclined to explain the irregular vari¬ 
ations between the milks standardized with Holstein and Jersey creams as 
being due to differences in the interrelations of the various factors at the fat 
surface. The lipolytic activity of the natural milk when activated show’s 
additional dissimilarities from the curves for the standardized milks. This 
result should be expected because of the additional influence of variations 
in fat content (substrate concentration) as well as the effect of the varia¬ 
bility in properties of the individual fats ami their surfaces. 

CONCLUSIONS 

The rate of lipolysis of milk fat is influenced by the activation pro¬ 
cedure, the amount of enzyme present, the fat (substrate) concentration, 
the fat-plasma ratio, the physico-chemical properties of the fat, and the con¬ 
ditions of the fat-plasma interface. 

Cooling, warming and cooling is effective in increasing lipolytic activity 
in raw cream as w T ell as in raw milk. 

Total lipolytic action increases with fat content up to 35-45 per cent, but 
acidity per unit of fat and the acidity per unit of plasma increases with fat 
content up to 8-10 per cent of fat and then remains constant or decreases. 

Crystalline fractions separated from milk fat by stepwise cooling show 
a broken trend toward higher iodine, Rciehert-Meissl and saponification 
numbers. 

The lower the temperature required for crystallization of the fat frac¬ 
tions, the greater the increase in acidity when used as a substrate for milk 
lipase, which indicates that the rate of lipolysis is dependent upon the melt¬ 
ing point of fat or upon the degree of solidification of fat at a given tempera¬ 
ture. The degree of solidification is determined by the mutual solubility 
properties of individual glycerides of which milk fat is composed. 

Lipolysis of milk fat is accelerated by resurfacing the fat globules. 

Resurfaced fat globules show T no further increase in lipolysis due to cool¬ 
ing, warming and cooling. 

The rate of lipolysis of resurfaced fat globules increases with increasing 
temperature (showing a normal temperature coefficient), whereas the rate 
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of lipolysis of fat globules with the original normal surface increases as the 
temperature is lowered (showing a negative temperature coefficient). 

The experiments demonstrate the influence of the conditions at the fat- 
plasma interface on lipolytic activity in milk and cream. 

REFERENCES 

(1) Amberger, Conrad. Beitrage zur Kenntnis der Glyceride des Bufcterfettes. Zeit- 

schrift f. Untersuchung der Nahrimgs- und Genussmittel, 26: 65-86. 3913. 

(2) Amberger, Conrad. Beitrage zur Kenntnis der Glyceride des Butterfettes IT. 

Zeitschrift f. Untersuchung der Nahrtmgs urid Genussmittel, 36: 313-381. 
1918. 

(3) Association of Official Agricultural Chemists, Official and Tentatix'e Methods of 

Analysis. 1935. 

(4) Chevreue, M. E. Recherches chimiques sur Les Corps Gras d’origine animmale, p. 

270-286. 1823. A Paris. 

(5) Davidsohn, H. Neue Methode zur ITnterscheidung von Frauenmilch und Kuhmilch, 

zugleich ein Beitrag zum Studium des lipolytischen Milchferments. Zeit. f. 
Kinderheilkunde, 8: 14-23. 1913. 

(6) Dorner, W. and Widmkr, A. Rancissement du lait par l ’homogenisation. Le Lait, 

11: 545-564. 1931. 

(7) Herrington, B. L. and Krukovsky, V. N. Studies of lipase action. I. Lipase 

action in normal milk. J. Dairy Sc., 22: 327-135. 1939. 

(8) Herrington, B. L. and Krukovsky, V. N. Studies of lipase action. III. Lipase 

action in the milk of individual cows. J. Dairy Sc., 22: 149-152. 1939. 

(9) Krukovsky, V. N. and Herrington, B. L. Studies of lipase action* II. The ac¬ 

tivation of milk lipase by temperature changes. J. Dairy Sc.\, 22: 337-147. 

(10) Krukovsky, V. N. and Sharp, P. F. Effect of shaking on the lipolysis of cow’s 

milk. .I. Dairy 8c., 21: 671-682. 1938. 

(11) Pizzi, Augvsto. Ricerche chimicbe sul Grasso di Burro. Le Stazione Sperementali 

Agrarie Italiane, 26: 101-118. 1893. In Modena. 

(12) Rishoi, A. H. and Sharp, P. F. t Specific heat and the physical state of the fat in 

cream. .T. Dairy Sc., 21: 399-405. 3938. 

(13) Sharp, P. F. and de Tomasi, J. A. Increase in non lactic acidity in raw cream and 

its control. 25th Ann. Convention International Assoc. Milk Dealers, Laboratory 
Section, p. 3-20. 3932. 



INACTIVATION OF MILK LIPASE BY DISSOLVED OXYGEN 

V. N. KRUKOVSKY and PAUL F. SHARP 
Department of Dairy Industry, Cornell University , Ithaca, New York 

INTRODUCTION 

It has long been known that certain heavy metal salts inactivate or 
“poison” many enzymes. Davies (1) found that dissolved copper, in con¬ 
centrations of 2 and 10 parts per million, as well as some other metal salts, 
retarded the action of milk lipase. He interpreted his results as indicating 
the susceptibility of the lipase to break down under conditions of low active 
oxygen concentration in the presence of an activating catalyst such as heavy 
metal salts. He correlated the depressing effect of metals on milk lipase 
with their catalytic power in inducing oxidation of milk fat, and suggested 
that destruction of lipase was catalyzed by heavy metal salts according to 
their varying powers of activating oxygen. Herrington and Krukovsky (4) 
reported that 0.2 and 0.4 parts per milliop of copper reduced lipase activity 
by about 20 per cent and that smaller amounts had less effect. Hellerman, 
Perkins and Clark (3) found that urease was inactivated by oxygen in the 
presence of dissolved copper. 

We performed experiments to test Davies’ explanation of the destructive 
action of copper on lipase and to determine whether dissolved oxygen must 
be present for this destructive action to occur in normal ini Ik. The hypothe¬ 
sis that lipase is inactivated by dissolved oxygen as well as by heat has a 
bearing on the fact that most of the lipolytic activity in milk is inhibited by 
heating to relatively low temperatures. To test this idea, a comparison was 
made of the heat stability of lipase in normal and in deaerated milk, with and 
without added copper. 

EXPERIMENTAL 

The importance of dissolved oxygen as one of the primary reactants in 
the inactivation of milk lipase in the presence of dissolved copper was 
demonstrated. Whole raw milk was divided into two parts and one part 
was deaerated. The oxygen-free milk was produced by subjecting milk 
previously heated to 46° C. to low jmessure so that the temperature was 
caused to fall about 20° C. by evaporation of water (2, 7). A series of ali¬ 
quots containing increasing amounts of dissolved copper (added as copper 
sulfate) was prepared using each lot of milk. After preparation the lipase 
in the aliquots w r as activated by the cooling, warming and cooling method 
described by Krukovsky and Herrington (5). The milk was held for various 
periods of time at 2° C. and the increases in acidity of the fat w^ere deter¬ 
mined by titration. The results presented are the differences in acidities 
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obtained by subtracting the value of the pasteurized control after all samples 
had been held for various times at 2° C. The acidity of the fat was deter¬ 
mined by titrating 5 grams of fat with 0.05N alcoholic NaOH. The results 
are expressed in acid degrees, that is, cc. of IN alkali per 100 grains of fat 

( 4 ). 

The results of a typical experiment are presented in figure 1. The de¬ 
struction of lipase in the presence of dissolved copper was almost entirely 



PlG. 1. Effect of increasing amounts of copper on the lipolytus of normal (aerated) 
and deaerated whole raw milk held at 2° C. for various periods of time. 

prevented by the removal of the dissolved oxygen, whereas in the presence of 
dissolved oxygen the destruction increased with increased copper content up 
to 2 to 8 mg. per liter. This experiment confirms Davies’ general hypothesis 
and shows that dissolved oxygen is necessary for the destructive action. 
There is some indication that with the larger amounts of copper a second 
factor enters which produces a slightly greater acidity of the fat with time. 
The data also indicate that in the absence of added copper more lipase activ¬ 
ity was found in the deaerated than in the normal milk. This can be inter¬ 
preted as an indication of the presence of a small amount of catalytically 
active copper or other catalyst in normal milk, or merely that the destructive 
effect of dissolved oxygen is proceeding normally during the measurement, 
of lipase action . 

The slight decrease in development of acid in the deaerated samples upon 
the addition of the smallest amounts of copper indicates that a trace of 
oxygen still remained in the milk. With this exception, figure 1 shows that 
in the absence of dissolved oxygen, dissolved copper exerts no destructive 
action on lipase even when present in concentrations up to 36 parts per 
million. 
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The effect of the removal of oxygen in lessening the destruction of lipase 
by heat was demonstrated by suitable experiments. The results of one of 
these are presented graphically in figure 2. Aliquots of raw whole milk. 



Twnp«r»tur« (*C.) of ?«*t«urizatlon for 30 mlnutea 

Fig. 2. Effect of temperature on the inactivation of lipase in normal and deaerated 
milk, with and without added copper. Lipase activated by cooling-warming-cooling, and 
activity measured by the increase in acidity of the fat as a result of holding for 48 hours 
at 2° C. 

deaerated and normal, and with and without added copper, were heated for 
30 minutes at various temperatures. Markedly less destruction of the lipase 
took place when the oxygen-free samples were heated, as contrasted with the 
normal milk which had not been deaerated; compare curves A and B. The 
difference is even more marked when the experiment was performed with 
added copper; compare curves C and D. Curves A and C are almost identi¬ 
cal and confirm our other results by indicating that dissolved copper exerts 
no destructive action on milk lipase in the absence of dissolved oxygen. A 
comparison of curves B and I) shows that in the presence of dissolved oxy¬ 
gen, copper exerts an accelerating effect on the destruction of lipase. 

discussion 

Following the lead given hv Davies, it was shown that the lipase in nor¬ 
mal milk may he inactivated by a reaction with dissolved oxygen in which 
dissolved copper acts as a catalyst. The results obtained indicate that nor¬ 
mal milk contains enough dissolved copper or other catalyst to cause the 
inactivation of lipase by dissolved oxygen at relatively low temperatures of 
heating. The relatively low temperature of destruction of lipase in normal 
milk is the resultant of two processes: (1) the effect of the increased tem¬ 
perature in accelerating the inactivation of lipase by dissolved oxygen, and 
(2) the general destructive effect of heat, which is typical of most true 
enzymes. 
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Variations in the amount of dissolved oxygen and in the copper content 
*of the milk, as a result of contact with equipment containing copper, may 
account for some of the variation in results obtained on the inactivation of 
lipase when milk is subjected to intermediate temperatures (100 to 135° F.). 
These results indicate that limited destruction of lipase in oxygen-free prod¬ 
ucts may be expected at the low temperatures which may occur during con¬ 
centration by vacuum evaporation. The inactivation of lipase should occur 
prior to such treatment, since some activation and lipolvsis may result from 
the agitation incident to evaporation (6). 

CONCLUSIONS 

1. Dissolved copper causes no inactivation of lipase in normal whole milk 
in the absence of dissolved oxygen. 

2. Normal milk lipase is susceptible to inactivation by dissolved oxygen, 
and this inactivation reaction is accelerated by heat and by dissolved copper. 
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THE “IN VITRO” CONVERSION OF INORGANIC NITROGEN TO 
PROTEIN BY MICROORGANISMS FROM THE 
COW’S RUMEN* 


M. I. WEGNER, A. N. BOOTH, G. BOHSTEDT, and E. B. HART 
Departments of Biochemistry and Dairy Husbandry, College of Agriculture, University of 
Wisconsin, Madison, Wisconsin 

INTRODUCTION 

Recent work at this station (Hart vt al. (1)) has shown that growing? 
dairy calves are able to use inorganic nitrogen in the form of urea or 
NH4HCO3 as a substitute for part of the protein in the ration. The most 
probable explanation given for this utilization is the production of protein 
from this nitrogen by the growth of bacteria in the rumen and later digestion 
of these bacterial cells in the fourth stomach and intestines. Species other 
than lierbivora have failed to demonstrate an appreciable use of urea (2, 
3, 4) due probably to the absence of the polygastric type of stomach. With 
this view in mind the following “in vitro” experiments were set up to test 
the above hypothesis of inorganic nitrogen utilization in ruminants via 
rumen bacteria. 

EXPERIMENTAL 

Preliminary trials were inaugurated in which we attempted to duplicate 
the conditions found in the rumen. These experiments consisted in adding 
urea to rumen contents and following the fate of the inorganic nitrogen. All 
samples were incubated at 37° C. Results in this trial were negative since 
the level of inorganic nitrogen did not decrease. 

The determination of ammonia nitrogen was made by placing an aliquot 
of the medium into a Kjeldahl flask to which 300 cc. of 11,0 were added 
followed by 5 grams of MgO. The ammonia was then determined by dis¬ 
tilling into standard acid. Foaming was prevented by adding liquid paraf¬ 
fin. The urea nitrogen w r as estimated by treating an aliquot of the medium, 
neutralized to methyl red, in a Kjeldahl flask with 10 cc. of a 1 per cent 
solution of urease which also had been neutralized to methyl red. This was 
incubated for 1 hour at room temperature and then treated as described 
above for the ammonia nitrogen. The inorganic nitrogen includes the urea 
and ammonia nitrogen. 

In the next trial the animal’s ration was used as the medium to which 
urea was added. This was inoculated with rumen liquid. The rumen liquid, 
which was obtained from a paunch fistula, was secured by expressing the 

Received for publication May 29, 1940. 
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rumen contents: Results were again negative. It was found that a short 
# time after incubatioil the pH of the medium became acid (4.0-4.5). It has 
been shown at this station and by others (5) that the reaction of the cow’s 
rumen ranges from a pH of 6.0 to 7.5. With this fact in mind experiments 
were started in an attempt to maintain an optimum pH. Using sodium 
phosphate buffer solutions (pH 7.5), 0.15 to 0.5 M, the pH could not be con¬ 
trolled for a sufficient length of time to permit a maximum bacterial growth. 

When stronger phosphate buffer solutions were used (1 M) activity was 
depressed possibly due to the hypertonicity of the solution. However, with 
the 0.15 or 0.5 M buffers, during the period of optimum pH, disappearance 
of inorganic nitrogen was observed. The first indication of a conversion 
(decrease in NH 3 -N) was obtained on a synthetic medium. The medium 
consisted of 600 cc. of water, 1.1 gram of urea, 15 cc. of molasses, 100 cc. of 
1 M Na 2 HP0 4 , and was inoculated with 20 cc. of rumen liquid. 

The results obtained follow: 


Hours of incubation 

mg. NH 3 -N/100 cc. medium j 

pH 

0 

74.8 ’ 

7.50 

24 

08.0 

7.35 

48 

03.0 ; 

6.40 

72 

49.5 { 

4.80 


An examination of the above data shows that the phosphate buffer was not 
able to maintain an optimum pH. 

Further trials with CaC0 3 as the buffer showed that it was possible to 
maintain the medium at a pH of 5.8 to 6.5. An excess of CaCOs was always 
added, so that a part of it remained undissolved. Since this pH approxi¬ 
mates the reaction of the rumen, in all subsequent trials CaC0 3 w T as used as 
the buffer. In all these experiments uninoeulated samples were also run as 
controls. 

Carhoh if drat e s t udiis 

The carbohydrates used included corn molasses, cerelose (commercial 
glucose), starch and cellulose. The source of carbohydrate in the medium 
with the exception of cellulose all supported bacterial growth as measured 
by the NH 3 - N disappearance. Cellulose failed as a source of energy for the 
organisms used. These experiments were all carried on in synthetic media. 

Nutrient salts for bacteria were found to be essential in the synthetic 
medium containing cerelose or starch. The salt mixture had the following 
composition .* 

KH 2 PO* —10 grams 

K 2 HP0 4 —10 grams 

MgS0 4 '7H 2 0— 4 grams 
NaCl — 0.2 gram 

MnS0 4 — 0.2 gram 

FeS0 4 — 0.2 gram 
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The mixture was dissolved and made up to a volume of-1 liter. Ten ee. 
of this solution per liter of medium were used when necessary. 

The extent of disappearance of inorganic nitrogen, regardless of the 
source of carbohydrate (cellulose excepted), depended on the amount of 
carbohydrate in the media. The data secured follow: 


Hours of incubation 

mg. NH a -N/200 cc. medium 

Sugar added 

0 

83.0 

30 cc. corn molasses 

24 

74.5 

0 

48 

50.0 

0 

72 

40.0 

20 ee. corn molasses 

90 

3.5 

0 

83.0 — 3.5 x 10C 

H.'i n 

95.7 per cent disappearance 0 

f NH.-N. 


As can be seen from the above table there was a large decrease in Nil* - N 
up to 48 hours. At this point the rate of disappearance decreased. On the 
addition of more corn molasses the rate of disappearance again increased 
markedly. 

Nitrogen studies 

It was observed that 24 hours after inoculation of the media the amount 
of urea present was negligible. At the same time there was an increase in 
NH ;i - N that was comparable to the decrease in urea nitrogen. This seemed 
to indicate that there was an initial hydrolysis of urea to NH a followed by 
disappearance of the NII 3 -N. This led us to compare disappearance of 
NH ;{ using NH4HCO3 vs. urea as the inorganic nitrogen source. No differ¬ 
ence in the rate of disappearance was observed. 

Data illustrating the use of these two materials follow: 



mg. i\Jl ri - X/J 00 cc. medium 


NH.HCOy ~*N 

urea - N 

0 

74 

74 

24 

50 

54 

48 

21 

19 

72 

I 32 

3 


The question arises as to the fate of the inorganic nitrogen that disap¬ 
peared in these fermentations. Was it lost from the media, or converted to 
protein? The first possibility was eliminated by finding that there was no 
loss of total nitrogen in the media; the Kjeldahl method was used to deter¬ 
mine total nitrogen. At the same time there was a disappearance of 
NH 3 - N. Illustrative data follow: 
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The second j>ossibility, namely that there was conversion of NH» - N to 
protein, was investigated. This involved the removal of the protein from 
the medium (bacterial cells) by filtering the medium through a filter cell. 
The filter cell used was made of finely powdered silica. The filter was pre¬ 
pared by forming a quarter inch pad of filter cell over a filter paper in a 
Buchner funnel. Ammonia nitrogen was run on one aliquot and the protein 
(filter cell) nitrogen determined by Kjeldahl on another aliquot. The fol¬ 
lowing data were obtained: 


Hours of incubation j mg. NH S 

- N/100 cc. medium | Beni dual 

-N/100 cc. medium 

0 1 

60 1 

2.9 

72 1 

42 [ 

19.2 

difference 

O 1 

18 mg. Nib, — N lost 

16.3 mg. residual 
N gained. 


^ = 90.6 per cent, recovery of NH„ nitrogen as non-filterable N. 


The recovered noil-filterable material was presumably bacterial cells 
which contained the NH a ~N lost, which was also the residual nitrogen 
gained. 

Poor conversion was observed in samples using the cow’s ration as the 
medium to which NH 4 HC0 3 was added. The ration consisted of equal parts 
of corn and oats, timothy hay, and corn silage, and was added at a 15 per 
cent level. Since the greatest difference between the ration and the syn¬ 
thetic medium seemed to be the protein, the effect of varying the protein 
content of the medium was studied. The basal medium consisted of 350 cc. 
of water, 25 grams of cerelose, 20 grams CaCO :! , 50 cc. rumen inoculum, 3 cc. 
nutrient salts, 2.6 grams NH 4 HC0 3 , to which varying amounts of casein were 
added. The following results were secured: 


Sample 

Supplement. 

mg. NH 3 -N remainiug/100 cc. medium 

0 hours 

24 hours 

48 hours 

72 hours 

1. 

No casein 

105 

49 

26 

3 

2. 

2.5 gms. casein 

104 

88 

74 

53 

3. 

5.0 * ‘ ‘ * 

105 j 

| 91 

93 

96 

4. 

10.0 “ “ 

joi j 

93 

98 

100 


The above data indicate that only on samples “no casein added’* and 
“2.5 grams casein level” was there conversion; the other two levels of casein 
added to the medium were negative. A probable explanation is that the 
bacterial flora used protein nitrogen in preference to NH a -N, or that the 
bacterial proteolytic enzymes masked the drop in the NH 3 - N by forming 
NH a from the protein as fast as the NH 3 was built into bacterial cells. 

Since the conversion over a 24-hour period represents merely an average 
of that period, hourly NH 3 -N determinations were made during the peak 
of activity of the bacterial growth in the media. This was done in order to 
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determine the maximum rate of conversion calculated on .a 24-hour basis. 
The data secured follow: 


Hours of incubation 

mg. XH 3 - N/100 cc. medium 

Conversion per 24 hrs./ 
100 cc. medium 

20 

86 

0.0 mg. N 

DO 

85 

12.0 “ “ 

24 

82 

36.0 “ “ 

20 

70 

36.0 “ 

28 

73 

72.0 “ “ 

30 

66 I 

84.0 “ << 

32 

! 57 

108.0 “ “ 

34 

i 50 I 

84.0 “ “ 


The maximum conversion calculated in this manner is much greater (108 
mg. NHa — N per 24 hours per 100 cc. medium) than that found when deter¬ 
minations were made every 24 hours, which were never found to be over 
50-60 mg. Nil;, - N/100 cc. medium, since they were an average of the 
24-hour period. This suggests what could be expected in the rumen of the 
animal assuming optimum conditions existed in the paunch at all times. 

The buffering action of cow’s saliva is recognized as an important factor 
in maintaining the reaction of the rumen at a near neutral point. Since 
large amounts of starch are normally present in the ration the presence of 
amylase in the saliva could be readily invoked as a means of forming soluble 
sugars which would promote bacterial growth. The literature indicates that 
cow’s saliva lias no diastatic properties. Amylase activity of cow’s saliva 
was determined on a starch medium adjusted to pH 6.8 and incubated at 
37° C. The saliva was collected by having the cow chew on a sponge; the 
liquid in the sponge was expressed into a flask at .short intervals. To 100 cc. 
of saliva that was saturated and covered with toluene, 10 cc. of a 3 per cent 
starch solution were added, and the reducing sugars determined with Fehl- 
ing’s solution by measuring at frequent intervals the Cu 2 0 precipitated. 
The results indicated only a slight amylolytic activity. 

Because of this slight amylolytic property the addition of cow’s saliva 
to a synthetic starch medium inoculated with rumen liquid might enhance 
conversion due to an increase of available fermentable sugars for the bac¬ 
teria. However, when cow’s saliva was added to an inoculated starch 
medium, no increase in conversion w r as produced. Using maltose in place of 
starch the maltase activity of saliva was found to be negative. The possi¬ 
bility of diastatic activity in the rumen through bacterial action directly 
presents itself. Preliminary data on chemical changes in the rumen of the 
cow indicate a distinct diastatic action. 

As evidence for this hypothesis, the diastatic action of rumen liquid w r as 
determined using the same technique as described above for saliva. In com¬ 
parison to saliva, diastatic action of rumen juice is decidedly greater and 
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could very likely account for the hydrolysis which must occur in the break¬ 
down of starch and possibly other polysaccharides. 

Proteolytic activity of the saliva on a casein medium was also tested. 
Both tryptic and peptic enzymes were found to be absent. This finding 
indicated that there was no contamination of the cow’s saliva we collected 
since considerable proteolysis occurs in the rumen. 

DISCUSSION 

The foregoing results have demonstrated that the conversion of inorganic 
nitrogen to protein may be obtained by inoculation of appropriate media 
with microorganisms contained in liquid from the cow’s rumen. No at¬ 
tempts were made to inoculate the media with pure cultures of bacteria from 
the rumen since a multiplicity of different kinds undoubtedly exists in the 
paunch. For the same reason contamination was not considered as an 
important factor in this work. 

In reviewing these results several criticisms appear obvious. This is 
especially true if an attempt is made to relate those findings to what actually 
happens in the rumen of the cow. In the rumen a maximum bacterial flora 
is always present while in “in vitro” experiments this flora must first 
develop. In this intervening time chemical changes such as proteolysis may 
be going on in the medium (using the ration as medium) which do not have 
time to occur in the rumen. This will lead to non-comparable results since 
two reactions are working in opposite directions. 

Bacterial Growth 

NH 3 - N . . ~ * Protein 

Bacterial Proteolytic Enzymes 

All that is attempted in this work is to show how some of these factors influ¬ 
ence the conversion. Through a fistula in the cow, studies on conversion in 
the rumen are now in progress. The food in the rumen is a continually 
moving mass, part of it being removed and new material being constantly 
added. This condition cannot be duplicated “in vitro.” Further, the 
products of fermentation may have an adverse effect, on conversion. In the 
rumen these products are continually being removed. From the above state¬ 
ments it also can be surmised why the results on a synthetic medium cannot 
be correlated closely with those obtained using the animal’s ration as the 
medium. 

However, the main fact obtains, namely, that given optimum conditions, 
which approach those in the rumen of the cow, conversion of inorganic nitro¬ 
gen to protein can be demonstrated in “in vitro” experiments. 

SUMMARY 

1. Evidence is presented through “in vitro” experiments that conversion 
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of inorganic nitrogen to protein can occur through the use of bacteria from 
the cow’s rumen. 

2 . Bacterial activity, aud hence conversion, is dependent on the pH of 
the media, the optimum range being 5.5 to 7. 

3. The carbohydrates used in the media were of ecpial efficiency in influ¬ 
encing conversion, with the exception of cellulose which was not an accepta¬ 
ble carbohydrate for these studies. 

4. NH 4 HCO; is as efficient as urea in. the rate of utilization by rumen 
organisms. 

5. The decrease in Nil, can be accounted for by an increase in protein 
nitrogen. 

6 . The level of protein in the media lias a negative influence on the 
decrease in NH 3 - N. 

7. Amylolytic activity of rumen liquid has been demonstrated, with only 
slight activity in the saliva itself. 

8 : Proteolytic activity of cow’s saliva is absent. 

REFERENCES 

(1) H art, E. B., Boh strut, G., Deob.\tj>. H. J. and Wegner, M. T. The utilization of 

simple nitrogenous compounds such ns urea and ammonium bicarbonate by grow¬ 
ing calves. J. Dairy Sc. 22: 78o. 1939. 

(2) Kriss, Max and Lawson, Francis Marcy. The influence of urea ingestion on the 

nitrogen balance, and energy metabolism of rats. J. Nutr., 19: 151. 1940. 

(3) Schmidt, Evvio Pat h. Das Problem des Eiweisersatzes dnrch HarnstofT bci dor 

Tierernahmng. llessisehe Ludwigs Universitat, Giessen. Thesis, 16 pp„ 1928. 
(From Biological Abstract 8, 4269. 1934). 

(4) Unpublished data. 

(5) Monroe, (\ F. and Perkins, A. E. A study of the pH values of the ingosta of the 

bovine rumen. J. Dairy Sc. 22: 983. 1939. 




THE EFFECT OF COMMERCIAL PRACTICES ON ASCORBIC ACID 
AND DEHYDRO ASCORBIC ACID (VITAMIN C) 

IN MILK* 1 

WA RREN W. WOE8SNER, 2 K. G. WECKEL, and HENRY A. SCHUETTE 
Department of Chemistry, College of Letters and Science, and Department of Dairy Indus¬ 
try, College of Agriculture , University of Wisconsin, Madison, Wisconsin 


Ascorbic acid, analogous to vitamin C, exists in two chemical forms, re¬ 
duced and reversibly oxidized, which possess equal biological activity for 
the prevention of scurvy (2). The reversibility of the relationship is indi¬ 
cated by the following equation : 


Reduced form 


0 = 0— 
j 

-r (IIA) 
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1 - 2H 
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O- 
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j <- 
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011,011 

1 ascorbic acid 


Reversibly oxidized form 

::n 

o,A °\ 

„A-J 


1IOC-H 

ch,oh 

deliydroascorbic acid 


The influence of processing methods on the stability of the two forms of 
vitamin C has not been clearly established. During the progress of this 
investigation Gjessing and Trout (1) reported on the stability of vitamin C 
in milk pasteurized at different temperatures and for varying intervals 
using the indophenol titrimetric technique to determine only the ascorbic 
acid. 

The object of this study was to determine the influence of commercial 
practices on the two forms of vitamin C, ascorbic and dehydroaseorbie acids. 
Little attention has been given to the practibility of producing a vitamin-C 
fortified milk on a commercial scale. Hence it was deemed advisable to 
study the production of such a product, for if it were available it should 
prove of significant value for general use in welfare work, in maternity 
wards, and in general malnutrition. 


EXPERIMENTAL 

The literature contains numerous procedures for the determination of 
ascorbic acid in milk but only very few for the determination of the impor- 
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tant, equally biologically active dehydro ascorbic acid. Kon and Watson 
(3) have suggested a procedure for the estimation of dehvdroascorbic acid 
in milk but Woessner, Elvehjem and Schuette (4, 5) have shown that the 
use of a photoelectric colorimeter is essential for such a determination be¬ 
cause it eliminates the interference due to other substances which are 
formed when the milk is treated with hydrogen sulfide. Their method 
which was used for this research is specific for ascorbic and dehydroascorbic 
acids. 

The apparatus and reagents were identical with the photoelectric tech¬ 
nique described by Mindlin and Butler (6) except that the potassium oxa¬ 
late, cyanide, and metaphosphorie acid solutions were replaced by a modi¬ 
fied Willberg (7) reagent (0.6 g. I1 2 C 2 0 4 2H 2 0, 4.8 g. NaGl and 6.5 g. HPO* 
in one liter of water) prepared accurately to insure proper pH in the 
colorimeter tube. 

Determination of ascorbic acid. In the absence of strong light 25 ml. 
of milk are pipetted into a 125-ml. Erlenmeyer flask containing 75 ml. of 
modified Willberg reagent. The protein precipitate is removed by filtering 
through paper of quality similar to Whatman No. 42. Five ml. of the fil¬ 
trate are measured into a colorimeter tube and 10 ml. of the indophenol solu¬ 
tion are added. The contents are stirred and examined immediately. Since it 
is not always possible to obtain a filtrate that is crystal-clear, it is recom¬ 
mended that a small quantity of ascorbic acid be added after the original 
reading has been made, whereupon the correction due to the turbidity is 
determined. Thus, the true reading is equal to the original reading plus 
100 minus the reading after the crystal of ascorbic acid has been added. 

Determination of dehydroascorbic acid. After the addition of a few 
drops of dibutyl phthalate to th,e milk to prevent foaming, wet hydrogen 
sulfide is bubbled through the milk for exactly 20 minutes. Then as rapidly 
as manipulation will permit, 25 ml. of the hydrogen-sulfide-saturated milk 
are added to 75 ml. of modified Willberg reagent, and the whole is shaken 
well to break into small particles the curd which forms. The hydrogen sul¬ 
fide is removed immediately by passing a vigorous stream of w T et oxygen- 
free nitrogen through the mixture for 20 minutes. After the curd is re¬ 
moved by filtration, 5 ml. of the filtrate are measured into one of the 
colorimeter tubes. Then with the simultaneous start of a stop watch, 10 ml. 
of the dye acetate solution are added to the tube by means of a rapid deliver¬ 
ing pipette, and the galvanometer readings at 15 and 30 seconds are re¬ 
corded. The galvanometer reading corresponding to zero seconds can be 
considered equal to the difference of the galvanometer readings at 15 and 30 
seconds substracted from the galvanometer reading at 15 seconds. 

Calculations are the same as those described by Mindlin and Butler (6); 
K under the conditions prescribed has a value of 0.166 0.003. 

Milk supply and plant equipment. The milk used for these studies was 
of the regular plant supply as received daily at the Department of Dairy 
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Industry of the University. It was handled by either one of two different 
procedures. In the manner of handling which shall be referred to later for 
convenience, as the A process, the milk was received at the intake in a stain¬ 
less steel weighing tank and then dropped into a stainless steel holding tank. 
Next it was passed through a short piece of partially worn tinned-copper 
piping, a stainless steel positive-feed pump, .an air-tight separator-clarifier 
and finally through a short piece of partially worn tinned copper piping 
into a vertical cylindrical spray-vat pasteurizer. In the B process, the milk 
"was handled as in the A process until it was passed through the pump 
whence it was passed through a tubular preheater (90° F.) and thence 
through the separator-clarifier. From the clarifier the milk was passed 
through forty feet of well worn tinned-copper piping into a stainless steel 
horizontal sprav-vat pasteurizer. 

THE INFLUENCE OF ELEVATED TEMPERATURES 

The clarifier and tubular preheater used were found to exert no destruc¬ 
tive or oxidative effect on ascorbic or dehvdroascorbie acids that could in 
any way be considered significant. 

In table 1 is summarized the effect of holder pasteurization on the 
ascorbic acid content of several normal milks and on the ascorbic acid con¬ 
tent of milks containing added ascorbic acid. Lots I to V inclusive were 
handled by the A process and Lots VI and VII by the B process. Since 
the A process milks were to be homogenized they were pasteurized at a 
higher temperature (150° F.) than the B process milks (145° F.). 

From the data (table 1) it is observed that the A process milks show 
an average destruction of ascorbic acid of 11.4 per cent and what may be 
considered complete destruction of dehvdroascorbie acid. The overall de¬ 
struction of the vitamin by this process is 20.2 per cent. This latter figure 
is in excellent agreement with values previously cited in the literature. 

However, Kon and Watson (3) found that the loss in total ascorbic acid 
originally present in the milk is more than three times that suffered by the 
reduced form. Hence they claimed it is chiefly the reversibly oxidized 
form that is destroyed. The data (table 1) indicate that the loss in total 
ascorbic acid is never much greater than the loss of ascorbic acid itself and 
thus the results are not in agreement with those of Kon and Watson (3). 

The quantity of dehydroascorbic acid remaining after pasteurization is 
less than the quantity present before pasteurization and is also less than 
the quantity of ascorbic acid lost during pasteurization. This indicates 
that part of the dehydroascorbic acid originally present in the milk which 
was formed from ascorbic acid by normal exposures of the milk to light, as 
well as that formed from the ascorbic acid during the pasteurization hold¬ 
ing process undergoes a very rapid destruction. It appears that the dehy¬ 
droascorbic acid is destroyed as rapidly as it is formed from the ascorbic 
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TABLE X 


The effect of vat pasteurization on the forms of ascorbic acid in milk 


Milk 

Source of sample 

! Ascorbic acid per liter 

Total 
per cent 
loss 

lot 

Redueed 

Oxidized 

Total 

I 1 

From vat before pasteurization | 

mgs. 

17.4 

mgs. 

1.6 

mgs. 

19.0 



\ After pasteurization for 30 min. ! 
: at 150° F. . ! 

: 15.9 

0.0 

14.9 

21.5 

II 

: From vat before pasteurization* | 

40.0 

3.2 

43.2 



After pasteurization for 30 miu. 1 
: at 150° F. ! 

38.4 

! 

! 3.1 

42.0 

2.7 

III jj From vat before pasteurization \ 

14.4 

| 6.1 

20.5 


! 

i After pasteurization for 30 min. ; 
! at. 150° F.. j 

1 . 12.5 

; 

2.4 

14.9 

27.3 

IV 

From vat before pasteurization* ; 

38.7 

4.7 

48.4 



After pasteurization for 30 min. i 
at 150° F. j 

ii 

33.0 

0.7 

33.7 

22.3 

V 

From vat before pasteurization i 

| 17.1 

2.8 

18.9 


i 

After pasteurization for 30 min. ! 
at 150° F. 

; H.2 

0.0 

14.2 

24.8 

VI 1 I 

From vat before pasteurization 

i 15.4 

5.8 

21.2 



After pasteurization for 30 min. ! 
at 145° F. 

i 

; 10.5 

4.9 

15.4 

12.6 

VII 1 

From vat before pasteurization* 

! 39.9 

10.3 

50.2 


| 

1 

After pasteurization for 30 min. < 
at 145° F. 

i 

;j 25.7 : 

12.7 

| 38.4 

23.3 


* Fortified with added ascorbic acid. 

1 Lots I to V—Stainless steel vertical spray vat pasteurizer. 

2 Lots VI and VII—Stainless steel lined horizontal spray vat pasteurizer. Copper con¬ 
tent 0.13 to 0.29 p.p.m. 

acid. The limiting factor in destruction of total vitamin C, therefore, is not 
the rate of destruction of dehvdroaseorbic acid but rather the transforma¬ 
tion of ascorbic acid to dehvdroaseorbic acid by heat. The reversibly oxi¬ 
dized form (dehydroascorbie acid) may be considered as being chiefly de¬ 
stroyed only if it is originally present in a larger quantity than the amount 
of ascorbic acid which is normally lost during the thirty-minute holding 
period. It is for this reason that statements in the literature which claim 
the flash pasteurization procedure to be less destructive than the holding 
process are believed to be sound. The destruction of the ascorbic acid 
appears to be more dependent on the time it is held at the elevated tem¬ 
perature than on the temperature itself; in other words, the rate of the con¬ 
version of ascorbic acid to dehydroascorbie acid has a small temperature 
coefficient whereas the decomposition of dehydroascorbie acid has a high 
temperature coefficient. 

This conclusion is supported by the results obtained when handling milk 
by the A process including the experimental lots I to V (table 1). A some¬ 
what different result was obtained when the milk was handled by the B 
method, including lots VI and VII (table 1). The processing of the milks 
in this instance involved considerably more copper piping which introduced 
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an average of 0.21 p.p.m. of copper into the milk. As a result dehydro- 
ascorbic acid was very rapidly formed from ascorbic acid and the per¬ 
centage loss of ascorbic acid was as high as 35.6 per cent. The results of 
the measurement of dehydroaseorbie acid shows that the copper present 
caused the formation of dehydroaseorbie acid as rapidly as heat destroyed 
it. This can be more readily understood by comparing the total loss of 
ascorbic acid during the pasteurization with the quantity of dehydro- 
ascorbic acid originally present in the milk. The two figures are about 
equal. Copper, therefore, can be considered as accelerating the conversion 
of ascorbic to dehydroaseorbie acid, a reaction ordinarily quite slow at ele¬ 
vated temperatures in the absence of light, so that it equals the rate at 
which dehydroaseorbie acid is thermally destroyed. Thus an explanation 
is provided for the instability of ascorbic acid in the presence of copper in 
milk. 

In the presence of copper the conversion of ascorbic to dehydroaseorbie 
acid evidently has a high temperature coefficient. That the thermal decom¬ 
position of dehydroaseorbie acid has a high temperature coefficient in the 
absence of copper is demonstrated by the fact that the dehydroaseorbie acid 
produced by exposing copper-free milk to light can only be quantitatively 
recovered if the sample is kept cool; short heating to 100° C. will destroy 
completely the dehydroaseorbie acid. Hence it is assumed that copper does 
not accelerate the irreversible oxidation of dehydroaseorbie acid but only 
speeds the conversion of the heat-stabile ascorbic acid to the heat-labile 
dehydroaseorbie acid. 


TABLE 2 


The relative destr net ion of the forms of ascorbic acid in milk 
during vat pasteurization* 


Milk lot 

Temperature 
at which 
sample 
was taken 

Holding 

time 

Ascorbic acid per liter 

Rodueed 

-.. 

Oxidized 

Total 



Minutes 

mg s. 

mgs. 

mgs. 

r* 

80° F. 


17.3 

2.8 

38.9 


300° F. 


36.0 




12IF F. 


]f>.o ; 




130° F. 


16.2 

2.0 

18.2 


340® F. 

i 

15.8 




150° F. ; 

o ! 

16.0 

3.1 

17.1 


150° F. 

30 i 

34.2 

0.0 

14.2 

ii 

140° F. 

1 

18.0 ! 

0.0 

38.0 


150° F. 

0 

17.6 

0.0 

17.6 


3 50° F. 

10 

17.3 

0.0 

17.1 


150° F. 

20 ! 

16.7 

0.0 

36.7 


150° F. 

30 

35.8 i 

0.0 

15.8 


* Vertical cylindrical stninloss steel pasteurizer. 

** The time "of heating from 80° F. to 150° F. was 36 minutes. Approximately 3 
minutes elapsed between each temperature indicated. 
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In order that the manner in which the loss of ascorbic acid occurs in the 
vertical spray-vat pasteurizer (process A) might be still better understood 
measurements were made during the entire preheating and holding period 
of the milk while in the vat. The results of such an investigation are sum¬ 
marized in table 2. The data obtained were not influenced by the presence 
of copper in the milk. 

During the preheating period a nine per cent loss in ascorbic acid was 
observed. It also appears that there was a general diminution of the dehy- 
droascorbic acid so that bj r the time (16 minutes) the milk reached 150° F. 
there was little or no dehvdroaseorbic acid remaining. During the holding 
period the data denote there was a ten per cent loss of the ascorbic acid, the 
dehydroascorbic acid being destroyed as rapidly as it was formed. This 
observation confirms the reasoning which has already been presented. 

Since nine per cent of the total destruction occurred during the short 
preheating period of 12 minutes, it is pertinent to note that most of the loss 
was due to the destruction of the dehydroascorbic! acid already present in 
the raw milk. The loss during the thirty-minute holding period consisted 
wholly of ascorbic acid by way of the mechanism postulated. Thus it is 
reasonable to suppose that the superiority of the flash process over the 
holder method comes mainly from the fact that the* milk is held at the higher 
temperature for a shorter period of time and not because of a rapid pre¬ 
heating period. The dehydroascorbic acid originally present in the milk no 
doubt is destroyed in the flash process but the ascorbic acid is probably little 
affected because of its low temperature coefficients coupled with the fact 
that it remains at the elevated temperature for such a short period of time. 

From the foregoing discussion it can also be concluded that if a sample 
of milk is subjected to thermal treatment sufficient to cause a diminution of 
the ascorbic acid present there will also be a total destruction of the dehy¬ 
droascorbic acid, including that present before the heat is applied and that 
formed during the time the milk is held at the elevated temperature. 

TIIE EFFECT OF HOMOGENIZATION 

The milk for these experiments was processed by the A method and was 
then passed from the pasteurization vat through stainless steel piping to the 
homogenizer. The homogenization was effected at 150° F. and 2000 lbs. 
pressure after which the milk was passed over a newly tinned copper cooler 
(40° F.). The cooler was protected from light with metal covers. 

In table 3 are summarized the results of homogenizing 6 different lots of 
milk. Inspection of the data of both the normal and vitamin C fortified lots 
discloses that homogenization does not cause any destruction of ascorbic 
acid or formation of dehydroascorbic acid. 

It also may be concluded from table 3 that passing milk over a tinned- 
copper cooler in good condition causes no loss of ascorbic acid or formation 
of dehydroascorbic acid. 
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TABLE 3 

The effect of homogenisation on the forms of ascorbic acid of milks 1 


Sample taken 

' 

Ascorbic acid per liter 

| Reduced i 

| Oxidized 

| Total ] 

Reduced| 

Oxidized 

| Total 

| mgs. | 

mgs. 

| mgs. | 

mgs. 

mgs. 

| mgs. 


I 

if 

From vat before pastcuri- 


i 

j 




■ 

satlon . 

17.4 

i 1.6 

19.0 

40.0 

3.2 

! 43.2 

After 30 minutes at 150° F. 

ir>.» 

0.0 

14.9 

38.4 

1.1 

| 39.5 

After homogenization 3 . 

14.5 

0.0 

13.6 

39.5 

0.0 

I 39.5 

After cooling . 

! 14.7 

i 

1.4 

16.1 

38.9 

! 

1.3 

| 40.2 

! * 


Ill* 

IV 2 

After 30 min lues at 1 f>0° F. 

35.7 

2.5 

38.2 

33.0 

0.7 

33.7 

After homogenization 3 

35.0 

3.7 

38.7 

32.4 

2.6 

35.0 

After cooling 

35.7 

- 

1.3 

■ 

37.0 

33.0 

0.0 

32.6 


V 

VI 

After 30 minutes at 150° F. 

< 

14.2 

0.0 

14.2 

15.8 

0.0 

15.8 

After homogenization 3 ... 







After cooling. 

12.8 

2.3 

.15.1 

15.8 

i 

0.0 

15.8 


1 Vertical stainless steel pasteurizers and stainless steel homogenizer (2000 lb. 
pressure). 

2 Ascorbic acid added to milk before pasteurization. 

■* Sample taken while hot before the milk was passed over the cooler. 

THE FEASIBILITY OF PRODUCING A VITAMIN O FORTIFIED MILK 

Reedman (8) and Kroker (9) suggested the feasibility of preparing a 
vitamin G-fortified milk. Kroker (9) suggested the addition of ascorbic 
acid to milk directly after it is flash-pasteurized and, because of the destruc¬ 
tive effect that light has on the vitamin, he also suggested that the milk be 
marketed in dark glass bottles. 

The fortification of milk handled by the A and B processes was studied. 
In the absence of significant quantities of copper these experiments which 
were conducted on a commercial scale (600 gallons) proved that such forti¬ 
fication is practical. The only limiting factors from the commercial stand¬ 
point are the present cost of ascorbic acid and the necessity of affording 
protection from light and exposed copper. 

In series 1 (table 4) the milk was handled by the A process and divided 
equally into two identical vertical spray pasteurizer vats. The fortification 
with ascorbic acid was accomplished by dissolving the vitamin in 100 ml. of 
sterile copper-free water and pouring the solution slowly into the vat con¬ 
taining the milk; this operation was followed by a short counter flow mixing 
with a stirring rod to insure rapid distribution of the vitamin throughout 
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the milk. The addition of ascorbic acid had no freward effects upon the 
flavor of the milk. 

TABLE 4 


The stability of the forms of ascorbic acid in vitamin C fortified milk 



Ascorbic acid per liter 

Sample taken 

Unfortified 

| Fortified* 


Reduced 

| Oxidized 

| Total 

Reduced 

| Oxidized 

| Total 


mgs. 

mgs. 

| mgs. 

| mgs. 

| mgs. 

| mgs. 


Series I 1 

From vat before pasteuri¬ 
zation . 

After 30 minutes pasteuri- 

17.4 

1.6 

39.0 

40.0 

3.2 i 

43.2 

zation at 150° F. 

After 50 minutes pasteuri¬ 

15.9 

0.0 

34.9 

42.0 

0.0 

! 

42.0 

zation at 150° F. 

14.7 

0.5 1 

1 15.2 

38.4 

1.1 

39.5 

After homogenization*. 

14.5 

0.0 

14.5 

39.5 

! 0.0 

! 39.5 

After cooling*. 

34.7 

0.0 

14.7 

38.9 

i 

3.3 

I i 

40.2 

1 


Series IP * 

From vat before pasteuri¬ 
zation . 

After 30 minutes pasteuri¬ 

35.4 

5.8 

i 

21.2 

39.9 

10.3 

j 

50.2 

zation at 345° F. 

10.5 

4.9 

3 5.4 

25.7 

32.2 

! 38.4 

After cooling . 

5.7 

7.8 

33.5 

25.7 

10.2 

35.9 

After 24 hrs. storage 40° F. 

0.0 

3.8 

3.8 l 

! 

0.0 

i 

14.8 

14.8 


i A process. 

a B process. 

3 20 gms. ascorbic acid added to 730 quarts of milk in vat before pasteurization. 

4 Sample removed after being held for 30 minutes at elevated temperature. 

5 On analysis these samples contained 0.13 to 0.20 p.p.m. of copper. 

The data (table 4) indicate that the losses of ascorbic acid in both the 
unfortified and the fortified milks upon pasteurization are normal. It may 
be seen, however, that a definite antiscorbutically better product can be pro¬ 
duced at will. By adjusting the initial fortification, a milk could be easily 
produced that would be on a par antiscorbutically with human milk (50 to 
70 mg. per liter). If the milk should become contaminated with copper 
from the pipe lines or bottling equipment, an attempted fortification would 
be impractical as the vitamin C would almost disappear in 24 hours. 

Regulations permitting, a more economical fortification is possible if 
the vitamin is added at the close of the holding period. This fact is illus¬ 
trated by the data of table 5. Consequently, the suggestion of Kroker (9) 
is the ideal method of fortification as flash pasteurization conserves the 
maximum amount of the natural vitamin already present in the milk. 

THE EFFECT OF LIGHT 

Kon and Watson (3), Houston, Kon and Thompson (10) and Render- 
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TABLE 5 


The stability of lhe forms of ascorbic acid added to milk before and 
a f lev pasteurisation * 


Sample taken 

Ascorbic acid per liter 

Red need 

Oxidized | 

Total 


mgs. 

mgs. 

I 

mgs. 

From vat before pasteurization 

14.4 

6.1 

20.5 

After SO minutes pasteurization at 15 (f F. 

12.5 

2.4 

14.9 

After 30 minutes pasteurization at 150" F., ascorbic 
acid added (10 gins. per 730 quarts) 

35.7 

2.5 

38.2 

After homogenization . 

35.0 

3.7 

38.7 

After cooling . 

35.7 

1.3 

37.0 

After 24 hr. storage in dark 

29.0 

3.4 

32.6 



II 


From vjjT before pasteurization 

14.4 

; 7.0 

21.4 

From vat before pasteurization, ascorlnc acid 
addtd (10 gins, per 730 quarts) . . 

i 

! 38.7 

1 

4.7 

43.4 

After 30 minutes pasteurization at 100° F. 

33.0 

0.7 

33.7 

After homogenization. 

I 32.4 

2.0 

35.0 

After cooling 

33.0 

j 0.0 

32.0 

After 24 hr. storage in dark 

! 20.3 

3.3 

29.0 


! ... -- 

I__ ___ 

- — -- - 


* Vertical stainless steel spray pasteurizers and stainless steel hoinogcnizer used 
(2000 .#• pressure). 


son, Foord oiul Koadhouse(ll) have studied the effect of light and the effect, 
of different containers on the antiscorbutic activity of milk. The results of 
this investigation* as shown in table fi confirm their qualitative observations 
that brown glass and wax-impregnated cartons protect the ascorbic* acid 
from actinic rays of light considerably more than the ordinary clear glass 
milk bottle. While a difference in the actinic effect on the vitamin C was 
observed by using different bottles or containers, it should be noted that 
exposure of any of these bottles or containers to direct sunlight for sufficient 
period caused the formation of the labile dehydroascorbic acid. Milk in 
plain glass milk bottles which were carried on the regular delivery route 
(enclosed truck delivery) allowed no losses in excess of those normally en¬ 
countered when the milk is stored in the dark. This indicates that in the 
ordinary delivery of the milk serious exposure to light probably does not 
occur. The significant loss will occur, therefore, not while the milk is being 
processed (assuming no copper contamination) including preheating, pas¬ 
teurization, homogenization and cooling but rather when the milk is exposed 
to sunshine after its delivery. The benefits of fortification would be nulli¬ 
fied if subsequent; protection of the milk from light is not provided. 

THE EFFECT OF OTHER COMMERCIAL PRACTICES 

The stability of the two forms of vitamin C in normal and vitamin 
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TABLE 6 


The value of containers in preventing losses of ascorbic acids in 
milk exposed to light 1 


Ascorbic acid per liter 


I. 


II. 


A nalyzed immodia tely: 

Unfortified Milk 

Unexposed . 

Clear glass bottle, exposed to light 1 hr. . 
Brown glass bottle, exposed to light .1 hr. . 
Wax container, exposed to light 1 hr. . 

Fortified (Added C) Milk 

Unoxposed. 

Clear glass bottle, exposed to light 1 hr. ... 
Brown glass bottle, exposed to light 1 hr. ... 
Wax container, exposed to light 1 hr. . 

Exposed and then stored in dark 8 lira, at 40° 
F. before analysis 

Unfortified, clear glass bottle, exposed to 

light 1 hour . 

C-fortified, clear glass bottle, exposed to 

light 1 honr . 

C fortified, brown glass bottle, exposed to 
light 1 hour. 


Reduced 

Oxidized 

Total 

mgs. 

mgs. 

mgs. 

17.0 1 

0.0 

17.0 

12.1 , 

3.0 

1G.0 

17.0 

0.0 

17.0 

17.0 

0.0 

17.0 

40.6 

0.0 

40.6 

32.0 

7.1 

30.1 

40.4 

0.0 

40.4 

30.8 

0.6 

40.4 

5.8 

3.1 

0.9 

23.0 

5.0 

28.6 

28.6 

4.0 

33.5 


i A Process—homogenized milks. Overcast but bright day; no direct sunlight. 
Quart containers were used. 


O-fortified milk processed by various methods was not in any way altered 
when further fortified by the addition of vitamin D concentrates processed 
in stainless steel equipment. 

The use of sodium metaphosphate to lower the curd tension as recom¬ 
mended by Schwartze, Jones, Mack and Vance (12) was found neither to 
accelerate the oxidation of ascorbic acid or protect, it from oxidative catal¬ 
ysis of copper (0.15 p.p.m.). Identical results were obtained when a pan¬ 
creatic enzyme concentrate (Armour and Co.) was used (1 part in 25,000). 
However, it is pertinent to note that although the enzyme concentrate low¬ 
ered the curd tension in addition to preventing copper-induced oxidized 
flavor it did not prevent the rapid oxidation of ascorbic acid. Thus it ap¬ 
pears that ascorbic acid is not related to copper-induced oxidized flavor in 
milk. 


CONCLUSIONS AND SUMMARY 

Pasteurization by the holder methods was found to cause a 20 per cent 
loss of total ascorbic acid. After pasteurization no dehydroaseorbic acid 
was found in the milk. The advantage of the flash pasteurization process 
in preserving the vitamin C content of milk seems dependent upon the fact 
that the destruction of the ascorbic acid appears to be more dependent on 
the time that it is held at the elevated temperature than on the temperature 
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itself; in other words, the rate of the eon version of ascorbic acid to dehvdro- 
ascorbic acid has a small temperature coefficient whereas the decomposition 
of dehydroascorbic acid baa a high temperature coefficient. 

The most serious losses in antiscorbutic activity of milk during its proc¬ 
essing and delivery were caused by contamination by copper and exposure 
to light. It is practical to produce a vitamin (Mortified milk on a commer¬ 
cial scale but the rigid exclusion of copper and protection from light arc 
essential if the fortified milk is to be marketed through normal channels. 

Tubular preheating (90° F.), clarification, homogenization, cooling and 
protected delivery individually, or collectively, were found to cause no loss 
of ascorbic acid or dehydroascorbic acid in milk. Likewise, no loss was 
caused by the addition of vitamin 1) concentrate followed by homogeniza¬ 
tion. Use of sodium metaphospluite or pancreatic enzyme were found to 
have neither a protective or detrimental effect on the vitamin C. The 
enzyme concentrate prevented copper-induced oxidized flavor hut did not. 
inhibit the usual rapid disappearance of ascorbic acids. 
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THERMODURIC BACTERIA IN PASTEURIZED MILK. A REVIEW 

OF LITERATURE 

J. L. IJILEMAN 

Dairymen’s League Cooperative Association, Inc., Laboratory Division, Syracuse, N. ¥. 

During recent years there has been a growing interest in the study of 
thermoduric bacteria in pasteurized dairy products. Among the factors 
which have been operative in stimulating this interest, the following four 
have been important. 

1. Increasing emphasis on the part of certain Departments of Health on 
low bacteria counts. 

2. The distinctly higher counts obtained on agar plates when the me¬ 
dium is enriched,, as by the change from the old standard nutrient agar to 
the tryptone glucose extract milk agar adopted as official in the 1939 edition 
of Standard Methods for the Examination of Dairy Products (1). It was 
pointed out by Sherman in 1916 (2) that as simple a change in the old 
standard nutrient agar as the addition of lactose would give much higher 
counts. Since the adoption of the tryptone glucose extract milk agar as 
standard, data has been accumulating showing that higher counts are ob¬ 
tained with the new as compared with the old medium (3). Tn addition, 
numerous articles were published previously showing the increases in count 
obtained on other enriched media similar to, but differing slightly in com¬ 
position from the one finally adopted as standard (4, 5, 6, 7, 8). 

3. The much higher counts obtained when the temperature of incubation 
is lowered. When the American Public Health Association was considering 
the change in the composition of the agar, referred to above, it was also con¬ 
sidering a reduction from 37° C. to 32° C. (98.6° F. to 89.6° F.) in the tem¬ 
perature of incubation. Studies made and published in connection with this 
proposal showed that counts on all dairy products except dry milk are 
increased by such a reduction in the incubation temperature (3, 5, 6, 9, 10). 

4. The rapid development in recent years of equipment for pasteurizing 
milk by the high-temperature, short-hold method. This method has decided 
advantages over the low-temperature, long-hold method from the stand¬ 
point of engineering and cost efficiency (11, 12, 13). Moreover, it is safe 
from the standpoint of destruction of pathogenic bacteria (11, 13, 14, 15, 
17); phosphatase is destroyed (13, 16); flavor is not affected (13, 16); and 
cream volume is not reduced (13, 14, 16 ). However, bacteria counts are apt 
to be higher unless thermoduric organisms are eliminated from the supply, 
a point that will be discussed more in detail later in this review. 

A. BACTERIA SURVIVING LOW-TEMPERATURE PASTEURIZATION 

When pasteurization first came into general use, it was assumed, espe¬ 
cially by the medical bacteriologists, that most, if not all, of the organisms 
surviving would be spore-formers (18, 19), although Russell and Hastings 
(20) had reported in 1901 the discovery of a micrococcus which could sur¬ 
vive heating to 76° €. (168.8° F.) 
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The classical studies on the bacteriology of pasteurized milk by Ayers 
and Johnson (21, 22, 23, 24, 25) in 1913-1916 established several important 
facts, as listed below. 

1. The relative proportions of acid-producing, inert, alkali-producing 
and peptonizing bacteria are about the same in milk pasteurized at 145° P. 
(62.8° C.) for 30 minutes as in raw milk (21, 22, 25). 

2. In milk pasteurized at 145° F. (62.8° C.) for 30 minutes (22), the 
percentage of each class of organism was as given in table 1. 

TABLE 1 


Organisms surviving pasteurization at 1.45° F. for SO min . 


Class of organism 

Grade A 

Grade B 

Acid without coagulation.. 

61.87 

34.82 

Acid with coagulation. 

17.91 

31.89 

Inert . 

9.06 

24.00 

Alkali producing . 

9.77 

5.6 3 

Peptonizing. 

1.39 

3.59 

Total acid producers . 

79.78 

j 66.71 


3. As the temperature of pasteurization increases (with 30 minute hold¬ 
ing), the proportion (but not the total number) of acid-producers and alkali- 
producers decreases, the proportion of inert organisms increases somewhat, 
and the proportion of peptonizers inereses markedly (21, 22, 25). 

4. Of a group of 139 cultures of acid-producers which were studied, 127, 
or 96.20 per cent, were cocci. 

5. Of 43 alkali-producers, 31, or 72.09 per cent, were cocci. 

6. Of 50 peptonizers, 34, or 68 per cent, were cocci. 

7. The members of the inert group were not classified morphologically. 

8. Of the three groups of acid-producers, alkali-producers and pepto¬ 
nizers, comprising 232 cultures, 192, or 82.71 per cent, were cocci (22). 

9. Heating at 145° F. (62.8° C.) for 30 minutes in milk had the effect 
shown in table 2 on 139 cultures of streptococci isolated from four sources 
(23). 

TABLE 2 


The effects of heating at 145 ° F. for SO minutes on 130 cultures of streptococci from 

4 different sources 


Source 

N umber of 
cultures 
tested 

Feces . 

45 

Udder . 

40 

Mouth . 

36 

Milk. 

18 

Total . 

139 



Number of 

Per cent 


cultures 

of cultures 


surviving 

surviving 


9 

20.00 


7 

17.50 


13 

36.11 


17 

94.44 


46 

33.07 


10. Colon bacilli are largely killed by heating to 145° F. (62.8° C.) for 
30 minutes (24). 

11. Bacteria do not multiply faster in pasteurized milk than they do in 
raw milk (21). 
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Most of the studies made by Ayers and Johnson were on milk of rela¬ 
tively high bacteria count. More recently three studies of the effect of pas¬ 
teurization on the flora of low-count milk have been published (26, 27, 28), 
and the results differ from those of Ayers and Johnson. Instead of the per¬ 
centage of acid-producing, inert, alkali-producing and peptonizing bacteria 
remaining unchanged by the pasteurization, as reported by Ayers and John¬ 
son, the more recent work showed that the percentage of acid-producers was 
reduced when low-count milk was pasteurized, so that when spoilage oc¬ 
curred it did not consist of a typical acid coagulation, but rather a develop¬ 
ment of off-flavors (26), rennet coagulation at low acidities (27), and other 
similar types of spoilage (28). None of these three investigations showed 
peptonizing bacteria over-growing other types in this low-count pasteurized 
milk. However, it is obvious that the surviving flora and the consequent 
type of spoilage (when spoilage occurs) are far more desirable in the higher- 
count milks studied by Ayers and Johnson than in the lower-count milks 
studied by these more recent workers. Such an unfavorable change in the 
type of the surviving flora and in the type of spoilage rnav generally be ex¬ 
pected where counts are forced down to the point where but few organisms, 
aside from the udder flora, get into the milk. 

In 1923 Kobertson (29) reported the presence on agar plates made from 
pasteurized milk of many punctiform colonies, most of which were micro¬ 
cocci, with a few rods and streptococci. Most of these organisms failed to 
curdle milk. 

Kobertson, Yale and Breed (30) reported in 1926 finding, on microscopic 
examination of pasteurized milk from certain plants, large numbers of 
spore-forming rods, belonging to nine species, as listed in table 3. 


TABLE li 

Spore forming bacilli isolated from pasteurized milk 


Name 

Number of 
cultures 

Per cent 

/?. snbtilis . 

48 

34.2 

B. mesenteric us . 

20 

20.7 

B. vulgatus . 

22 | 

15.7 

B, circuiting . 

21 

12.0 

B. albolactis . 

10 

7.2 

B. lacterosporus . 

2 ' 

1.5 

B. panis . 

1 

0.7 

B . cereus . 

1 1 

0.7 

B. mycoides . 

i ; 

0.7 

Not identified. | 

! 

1 3.fi 

Total cultures 

140 

100.0 


Most of them had been killed by the pasteurization, so that plate counts 
were not high. The source of the spores was found to be “milk stone’’ on 
the equipment, due to improper cleaning. 
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Robertson (31) in 1927 isolated a group of thermoduric organisms by 
holding: raw milk samples at pasteurizing: temperatures and making: plates 
at hourly intervals up to seven hours. Cultures were also obtained from 
plates sent to him from pasteurizing plants in \ arious cities. Only those 
cultures showing 90 per cent survival on being pasteurized in milk were 
studied. The species found to meet these conditions, in the order of their 
frequency were: Sore in a lutea , Streptococcus thermophilus , MwrohacU riuvn 
lactic urn. Micrococcus conglomerates and Sarnna rosea. The decreasing 
order of thermal resistance of these cultures was found to be: Microban 
ferium lacficum , Sarnna lutea , Streptococcus Ihtrmoplulus , Sarnna rosea 
and Micrococcus conglomerates . 

In 1927 Pay (32) studied certain thermoduric organisms (55 cultures) 
surviving thirty-minute pasteurization at 143° F. (61.6° C.). Sugar was 
necessary for their growdh on agar, and they would grow on standard agar 
only if the dilution was not greater than 1:100. Most of the cultures were 
very short rods ( Streptococcus lad is type) or cocci growing in short chains, 
up to 10 cells long. Only about 10 per cent were long rods 

Brannon and Prucha (33) in 1927 submitted two-to-five-hour-old cultures 
of 47 unidentified non-spore-forming organisms to a temperature of 144.5° F. 
(62.5° C.) for 35 minutes in milk and found two surviving. Of these, one 
was not examined further, and the other was a micrococcus. In another 
series of cultures, the identity of which was known, treated in the same way, 
Sarcina lutea and the following four spore-former* survived : B. subtilts , B. 
ramosus , B . but prions and B. gl align. 

Hammer and Trout (34) reported in 1928 that yellow micrococci com¬ 
monly survive pasteurization. These organisms produced only slowly any 
change they brought about in milk. 

Hucker (35) in 1928 studied 18(i strains of cocci surviving pasteurization. 
Of these, 76, or 42.2 per cent, were micrococci, the most frequently occurring 
species of w 7 hich w r ere: M. epid< nitidis , M. Candidas , M. vanaus and 3/, lutcus . 
Of the streptococci, S. thermophilus was more common than any other 
species of cocci. Other lactic acid streptococci found were farcinm and S . 
liqwifaciens. Streptococcus lacfts did not survixe pasteurization tempera¬ 
tures. Hucker found that holding raw milk at 50° F. (10° O.) as compared 
with 68° F. and 86° F. (20° C. and 30° (J.) for four hours prior to pasteuri¬ 
zation did not greatly affect the total number of surviving cocci, but that the 
higher temperatures of pre-holding (68° F. and 86° F.) caused the per¬ 
centage of S thermophilus in the pasteurized milk to increase at the expense 
of the other species of cocci. Pasteurization was at 142° F. (61.1° O.) for 
30 minutes. 

Pricket (36) in 1929 studied 480 cultures of thermoduric bacteria forc¬ 
ing “pin point” colonies, isolated from raw and pasteurized milk, from 
materials collected from farms producing milk that contained thermoduric 
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bacteria, from milk powders, media that had been sterilized in the autoclave, 
and from pea-blanehe liquor. Seven types of organisms were observed as 
follows: Spore-forming rods, Non-spore-forining rods. Streptococci, Micro¬ 
cocci, Sarcinae, Actinomyces and Yeast. 

Of these, only the spore-forming rods and certain Actinomyces were ther¬ 
mophilic. 

The thermodurie micrococci were tentatively identified as: M. candidus ,* 
M. epidermidis , M. luteus and M. alius . 

The streptococci were: 8. thcrmopliilus, 8. glycerinaceous and 8. liquc¬ 
faciens. 

The thermophilic spore-formers were: B. subtilis , B. tcrminalis var. ther - 
rnop kilns, B. michaclisii, B. cal id us, B. th ermoal imcn tophilus , B. aer other- 
mophilus , B. therrnoliquefaciens , B. nondiastaticus , B. ealidolactis and B. 
kaustopkilus . 

Examination of a collection of cultures labelled B. subtilis showed two 
types. The B. subtilis Cohn type as described by Ford grew luxuriantly at 
122° F. (50° C.) but the other type, resembling B. cercus Frankland did not 
grow at that temperature. 

The name B. kaustopkilus was proposed for a new species isolated. 

Sherman and Pauline Stark (37) studied, in 1931, 294 cultures of strep¬ 
tococci from milk and other sources which grow actively at 113° F. (45° C.). 
All survived heating for 30 minutes in milk at 145° F. (62.8° C.). The most 
prevalent types were: 8. thcrmophilus , bovis, 8. inulinaceus , 8. fcculis , 

glycerinuecus, 8. liqucfaciens and 8. zymogencs. The authors raise the ques¬ 
tion as to whether 8. inulinaceus , 8. glyccrinaceus and 8. zymogencs should 
be considered as varieties of 8. bovis, 8. feealis and S. liqucfaciens , rather 
than as separate species. 

McRady and Langevin (38) state that organisms of the coli-aerogenes 
group are seldom found in 1 ec. of properly pasteurized milk. 

Minett and Pullinger (39) examined 49 samples of commercially pasteur¬ 
ized milk from six plants in England for the presence of 8 . agalactiae, the 
organism associated with the commonest form of bovine mastitis. Although 
this organism is very common in raw milk, they could demonstrate it in only 
one of their 49 samples of pasteurized milk. 

Sherman (40) reported in 1936 that nine per cent of the samples of pas¬ 
teurized milk examined contained hemolytic streptococci, but that the maxi¬ 
mum number per cubic centimeter was 50, and that no pathogenic organisms 
could be found. 

Macy (41) in 1939 reported on a study of high bacteria counts in pas¬ 
teurized milk. He stated that the bactericidal efficiency of pasteurization 
is greater in summer than in winter. He studied 81 cultures isolated from 
37° C. standard agar plates made from pasteurized milk, and classified 
them as shown in table 4. He found that dirty farm utensils were the usual 
sources of thermodurie bacteria. 
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Taylor (42) in 1924 was apparently the first one to use laboratory pas¬ 
teurization of the milk from individual farms in controlling high counts in 
commercially pasteurized milk. He reported that improperly sterilized 
4< milk contact surfaces” on the farm or in the milk plant were common 
sources of the thermoduric organisms, and that some farms are apt to give 
trouble continually. 

Hussong and Hammer (48) in 1981 pasteurized morning’s milk from* 
individual farms in test-tubes at 142° F. (61.1° 0.) making plate counts 
both before and after pasteurization. Large variations occurred in the per¬ 
centage of organisms killed, both in samples from different farms and in 
different samples from the same farms. Jn the case of one farm having high 
counts in the pasteurized milk, a change in methods of caring for utensils 
and equipment on the farm resulted in lower initial counts and higher 
pasteurization efficiencies, and when initial counts increased again, due to 
hot weather, the higher efficiencies persisted. 

A group of workers from United Dairies, London, England (Anderson 
and Mean well, 1931; Davies, 1981; and Mean well, 1939) (44, 45, 46) have 
published articles from which the following conclusions may be drawn. 

1. Standard agar enriched with 0.5 per cent sterile milk is a satisfactory 
plating medium for the control of pasteurized milk. 

2. There is a great variation in the number of heat-resisting organisms 
present in raw milk from different sources. 

3. Under ordinary farm conditions and without utensil sterilization, more 
heat-resistant organisms are present in machine-produced milk than in hand- 
produced milk. 

4. There is no constant relationship between the number of organisms 
present in raw milk and in the same milk after pasteurization. 

5. Non-cooling of milk at the farm frequently encourages the develop¬ 
ment of heat-resisting organisms. 

6. Heat-resisting organisms frequently originate from the surfaces of 
unsterilized utensils. 

7. Daily sterilization of milking vessels resulted in nearly eliminating the 
heat-resisting organisms from the milk. 

8. A simple quantitative plate count of raw milk affords little information 
as to the suitability of the milk for pasteurization. 

It should be pointed out that this English group was the first to use labo¬ 
ratory pasteurization of the milk from individual farms, with a plate count 
of the pasteurized milk, as a routine method on a large scale in the control of 
high counts in pasteurized milk, although Taylor (42) and Hussong and 
Hammer (43) had both done it on a smaller scale prior to that time. Despite 
the good results reported, the method was ignored by dairy bacteriologists 
in this country until after the advent of high-temperature pasteurization and 
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the adoption oi! milk agar, botli of which tend to show up the presence of thcr- 
muduric bacteria, forced the industry to adopt the method. The findings of 
these workers that thermodurie bacteria are associated with improperly 
cared-for farm utensils has been confirmed, as will be seen later in this re¬ 
view. The use of milk agar by the English group, several years before its 
offieial adoption in this country, was probably partly responsible for their 
recognition of the importance of the problem of the thermodurie bacteria. 

The findings reported by various investigators (41, 42, 43, 44, 45, 46) that 
dirty farm utensils are the principal source of thermodurie bacteria is not 
surprising, since it has been shown that stable air (47) and unsanitary stables 
in general (48) have little effect in increasing the original bacterial con¬ 
tamination of milk, while utensils (49) and especially milking machines (50) 
supply most of this original contamination. 

Moreover, at least one report has been published showing that thermo- 
duric organisms grow readily in nou-eooled milk (44). 

B. BACTERIA SURVIVING HIGH-TEMPERATURE, SHORT-HOLD PASTEURIZATION 

It seems to be generally conceded by investigators who have published 
work on high-temperature, dhort-bold pasteurization that bacteria counts are 
higher than in milk pasteurized by the low-temperature, long-hold method 
(11, 13, 51, 52, 53, 54, 55, 56, 57). However, some of these reports give no 
data to show the extent of the difference in count (11, 13, 52, 55, 57). Dot- 
terer (51) presents considerable data showing that the liigh-temperature, 
short-hold method gives materially higher counts than does the low-tempera¬ 
ture, long-hold method. He used single lots of milk divided into two por¬ 
tions, which were pasteurized by the two different methods. Parfitt (53) 
gives some data that seems to indicate that the high-temperature short-hold 
method gives, in certain plants, lower counts than does the other method, but 
his data must be discounted somewhat because it appears that his compari¬ 
sons were made, not on single lots of milk divided into two parts and pas¬ 
teurized by the two methods, but on different lots of milk, although the state¬ 
ment is made that the milk did all come from “a common source”. More¬ 
over, Parfitt intimates that the high-temperature short-hold method of pas¬ 
teurization gives the higher counts, since he says in his conclusions “that a 
closer control of thermodurie organisms is necessary for low r bacterial counts 
in milk pasteurized by the high-temperature short-hold method. *' 

Quin and Burgwald (54) state that laboratory pasteurization show's little 
difference in the bactericidal results of holding 15 seconds at 160-162° F. 
(71.1°—72.2° C.) or 30 minutes at 143° F. (61.7° C.), but that commercial 
pasteurization gave an average count of 50,271 for high-temperature and 
35,087 for low-temperature pasteurization. Yale (56) found that 18 lots of 
milk pasteurized in commercial apparatus at 143° F. (61.7° C.) for 30 min¬ 
utes gave an average count of 17,200, whereas the same lots of milk pasteur- 
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ized in commercial apparatus at 160° F. (71.1° C.) for 15 seconds gave a 
count of 20,600. The same comparison for laboratory pasteurization was 
6,490 and 12,200 per cc. 

As in low-temperature, long-hold pasteurization, there seems to be little 
relationship between counts before and after pasteurization by the high-tem¬ 
perature, short-hold method (53). 

Laboratory pasteurization tends to give lower counts than does pasteur-* 
ization in commercial apparatus, regardless of the temperature and time used 
(53,54,56). 

Several of the investigators who have published reports on high-tempera¬ 
ture short-hold pasteurization have adopted the method of controlling high 
counts in the finished product that was first suggested by Taylor (42) and 
was extensively used by the United Dairies group in London, England (44, 
45, 46). Samples of milk from individual farms are pasteurized in the 
laboratory and plate counts made. Those farms sending in milk the count 
of which is high after pasteurization are visited by an inspector, who at¬ 
tempts to find and correct the cause of the high count. There is uniform 
agreement among reports of such work that the theriuoduric organisms 
originate principally in dirty farm utensils, and that cleaning up these uten¬ 
sils results in reduction of the count (11, 42. 43, 44, 45, 46, 51, 53, 55). Milk¬ 
ing machines seem to be especially fertile sources of the offending organisms 
(11, 53, 55, 57. 58). Parfitt (53) shows a log average count of 630 for fifty 
hand-milking farms, 8,500 for fifty machine-milking farms. Prucha and 
Parfitt (57) presented the data in table 5 showing the relationship between 
the number of theriuoduric organisms per cubic centimeter in milk from indi¬ 
vidual farms and the use of milking machines. 


TABLE 5 

Relationship between the number of thermodurie organisms in mill * and the use of 

milking machines 



Number of farms 

Number of farms 

Thermodurie count per cc. 

with milking 
machines 

without milking 
machines 

5,000 . 

0 

20 

10,000 . 

0 

7 

20,000 . 

38 

1 

30,000 . 

30 

0 

40,000 . 

21 

0 

50,000 . 

10 

0 

Over 50,000 . 

14 

0 

Total . 

no 

I 28 


Cans may also be a serious source of these thermodurie organisms (58). 
Krueger, of the Chicago Department of Health (11), recommends that milk¬ 
ing machine tubes be stored, when not in use, in 0.5 per cent sodium 
hydroxide solution, that they be boiled in such a solution occasionally, that 
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all milk stone be kept off of all farm equipment,, and that routine cleaning 
practices on the farm be good, if thermoduric organisms are to be held in 
check. 

The technique of laboratory pasteurization of large numbers of samples 
as a control procedure seems to have been very generally the low-temperature 
long-hold method. The English group used that method (44, 45, 46), as 
would be expected, since they were also using it in their plant operations. 
Parfitt (53) used 144° F. (62.2° C.) for 30 minutes and his results in con¬ 
trolling high counts in commercial high-temperature pasteurization were 
apparently satisfactory. Theoretically, it might be better to use the high- 
temperature method for laboratory work in controlling a commercial high- 
temperature operation. Two German workers have described a laboratory 
high-temperature pasteurizer (59), but it is extremely complicated. Quin 
and Burgwald (54) also used such an apparatus, but it would be difficult to 
clean and also difficult to use for routine pasteurization of large numbers of 
small samples. A satisfactory method has supposedly been developed in this 
country (60). The difficulty in laboratory high temperature short-hold pas¬ 
teurization lies in obtaining the very rapid heating and cooling necessary to 
be strictly comparable with the commercial equipment. 

The claim has been made that clarification of the milk after the regenera¬ 
tive stage of heating, with the milk at a temperature of about 125° F. (51 7° 
C.), will materially reduce the count (51, 52), but this has been denied by 
other workers (53, 55). 

There seems to have been very little work done on the identity of the 
organisms surviving high-temperature short-hold pasteurization. One Ger¬ 
man worker (61) reported that E. coll survived a high-temperature pasteuri¬ 
zation, and that the difficulty was eliminated when the low-temperature long- 
hold system was installed. However, no details of temperature and time are 
given, and the date of the experiments was 1924-25, so that it is probable no 
sufficiently accurate controls of time and temperature of heating were avail¬ 
able for commercial equipment. No recent work on the incidence of E. coll 
in milk pasteurized commercially by the high-temperature short-hold method 
appears to have been published, but in view of the emphasis placed on the 
absence of this organism from pasteurized milk by public health authorities 
in this country, the mere fact that survival of the organism is not mentioned 
in the literature is fairly conclusive evidence that its presence in milk pas¬ 
teurized by this high-temperature method is not a serious problem. 

The only other work published on the survival of a definite group of 
organisms in milk pasteurized by the high-temperature short-hold method is 
the observation of Eglinton and Yale (58) that yellow, heat-resistant micro¬ 
cocci, which they state are common in milking machines and milk cans, often 
appear on agar plates made from pasteurized milk, especially where the high- 
temperature method of pasteurization is used. 
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C. THE BACTERIAL FLORA OF DAIRY UTENSILS 

Inasmuch as the principal source of thermodurie bacteria seems to be 
farm utensils, it appears that any literature available on the bacterial flora of 
these utensils should be of interest in this connection. 

In 1924 Whiting (62) studied 357 cultures isolated from milk cans. The 
distribution of these cultures is shown in table 6. 


TABLE G 


The distribution of cultures isolated from milk cans 


Typo of organism 


Number of 
cult urea 


Per cent of 
cultures 


None-spore-forming rods 
Micrococci 
Hporeforming rods 
Total 


2 lf> 

3 Oil 
3G 

357 


GO.5 
20.4 
10.1 
100.0 


The species of micrococci present., in the probable order of their abun¬ 
dance, were: M. aureus , M. eonylomeratus. M. van a ns , M. lute us , M. flavus 
and A/. cinnebarcits. 

The first three are heat-resistant (31, 35, 36). 

In the same year Robertson (63) studied 721 cultures from milking 
machines. He found that, when brine-hypochlorite solutions were used for 
sterilizing the machines, the white. Gram-positive cocci were the commonest 
organisms. The Gram-negative rods and Streptococcus lactis were quite 
common under all conditions, but they formed a larger proportion of the total 
flora as the condition of the machines became less sanitary. The alkali-form¬ 
ing rods appeared to be associated with a treatment, in which the tubes were 
submerged in cold water or in old sterilizing solutions of inadequate strength. 
A few cultures of the colon-aerogenes group were isolated. Sporeformers 
were rare. Molds (primarily Oidium lactis) and yeasts were found in 
accumulations of old milk in the tubes, stanchion hose and moisture traps. 
Actinomyces were found in small numbers in machines well-sterilized with 
hot water, and were regarded as dust contamination. 

Of the 721 cultures isolated, 265, or 36.7 per cent., were micrococci. Of 
these, 78 or 10.8 per cent of the total of 721 were white heat-resistant micro¬ 
cocci, and 54 or 7.5 per cent were yellow heat-resistant forms. 

The next year Robertson studied in detail these 265 cultures of micro¬ 
cocci (64). They seem to be able to survive sterilization with sodium chlo¬ 
ride brine or with sodium or calcium hypochlorite, or chloramines, and 
therefore they are the commonest organisms present when these sterilizing 
compounds are used. Eleven species were identified. In the order of their 
probable abundance they are: M. candidus, M. frendenreichii, M. casei 9 M. 
conglomerate } M. epidermidis , M. various > M. flavus, M. aurantiacus, M. 
luteus y M. albus and M . aureus . 
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The first four species were sufficiently common to be regarded as a part of 
the normal bacterial flora of the milking machines. The other species are 
probably somewhat accidental contaminants. 

After nine months without transferring, an attempt was made to revivify 
them. The attempt was successful with 49 cultures, and the species most 
common among these 49 were: M. conglomerate, M. casci and M. frcuden- 
rcichii. Apparently these three species were able to withstand drying better 
than M. candid us and other species. 

As has been already shown, six of these species of micrococci are able to 
survive low-temperature pasteurization (see references 31, 35, 3f>). 

Eglinton and Yale, in a paper previously referred to (58), found that the 
yellow, heat-resistant micrococci common on agar plates made from pasteur¬ 
ized milk, especially where the higli-temperature method of pasteurization 
was used, were found to originate in milking machines and to a lesser extent 
in milk cans. While he did not identify any cultures, the species of micro¬ 
cocci producing yellow pigment (65) are: M. conglomerates, M. citrous. M. 
flavus, M. variens and M. lutcus . 

It has already been noted that all of these but if. citrous and M. floras 
have been shown to be heat-resistant (31, 35, 36). if, conglomerates is 
apparently one of the most common organisms in both milking machines and 
milk cans (62, 64). It is heat-resistant (31). 

The question now arises: Where do these heat-resistant micrococci come 
from? The fact that they are apparently able to resist heat and also killing 
by sodium chloride brines and by chlorine sterilizers acts as a means of selec¬ 
tive enrichment, since they readily withstand the commonest methods of 
sterilizing farm utensils. But how are they introduced into the utensils? 
The answer is readily available in three studies on the udder flora of cows. 
In 1913 Harding and Wilson (66) studied the udder flora of cows. In 900 
samples of aseptieally drawn milk, they found 71 groups of organisms, none 
of which were sporeformers. About 75 per cent were micrococci. Fifteen 
years later, Alice Breed (67) studied the micrococci present in the normal 
cow’s udder. The species She found, as well as her classification of the spe¬ 
cies isolated by Harding and Wilson, are listed in table 7. 

It is especially significant that Robertson (31), Hucker (35) and Pricket 
(36) have found six species of micrococci to be heat-resistant. These species 
are listed as follows with the reference showing them to be heat-resistant: M . 
albus (36), M. Candidas (35, 36), M. conglomerate (31), M. epidermidis 
(35, 36), ilf. luteus (35, 36) and 2lf. variant (35). 

The studies of Harding and Wilson (66) and of Alice Breed (67), just 
described, show that these heat-resistant micrococci comprise better than 40 
per cent of the micrococci present in the udder. 

Evans (68) in 1916 studied the bacteria found in milk freshly drawn 
from normal udders, and found micrococci in 58.8 percent of 192 samples 
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TABLE 7 


Classification of the micrococci present in the normal cow \s* udder 


Species 

Breed 

Harding & Wilson 

Combined 

Number 

Per cent 

N umber 

Per cent 

Number 

Per cent 

M. aureus . 

33 

18.8 

6 

12.0 

39 

17.2 

M. aurantiacus 

24 

13.6 

1 

2.0 

25 

11.1 

M. freudrnrcichii . 

23 

13.1 

o 

4.0 

25 

11.1 , 

*M. alb us . 

21 

11.9 

10 

20.0 

31 

13.7 

*M. candidvs . 

20 

11.4 

3 

6.0 

23 

10.2 

*M. epidcrmidis . 

13 

7.4 

3 

6.0 

16 

7.1 

M. citren8 

10 

r>.7 

3 

6.0 

13 

5.7 

*M. virians . 

10 

6,7 

6 

12.0 

16 

7.1 

M. fiavus 

8 

4.5 

2 

4.0 

10 

4.4 

M M. conglomerotus 

4 

2.3 

5 

10.0 

9 ; 

4.0 

*M. lute us . 

3 

1.7 j 

3 

6.0 

6 

2.6 

M. casei 

o 

1.1 

0 

0.0 

o 

0.9 

Not identified 

5 

2.8 

6 

12.0 

11 

4.9 

Total. 

176 1 

100.0 

50 

100.0 ; 

226 

100.0 

* Total heat-resistant . 

71 

41.5 

30 

68.0 ; 

101 

. _ 

44.7 


* Indicates heat resistant. 


drawn from 161 cows of five different herds in two widely distant sections of 
the country. Although she stated that the majority of these organisms, 
while lion-virulent, resembled the pyogenic staphloeocci (M. aureus ), she 
also found M. caseolyticus and M. lutcus, the latter being one of the heat- 
resistant forms listed above. 

From these three studies (66, 67, 68) it seems evident that heat-resistant 
micrococci make up a significant proportion of the udder flora of normal 
cows. While their total numbers in the milk in the udder are doubtless 
small, the farm utensils are constantly inoculated with them. It seems prob¬ 
able that the long tubes of milking machines receive most of their outside 
contamination from the milk itself. Since these micrococci will withstand 
heat sterilization unless it is more efficient than is usually the case on farms, 
and since they will also survive sterilization by chlorine sterilizers and salt 
brines (63), most farm utensils and many milk cans contain them after they 
have supposedly been sterilized. If conditions (moisture, nutrients, etc.) 
are such that growth can subsequently occur, then the utensils will quickly 
become rich sources of these thermoduric organisms. This accounts, there¬ 
fore, for their having been found in cans (62) and milking machines (63, 
64), and also for the commonly-reported fact that thermoduric organisms are 
associated with dirty farm utensils, especially milking machines (11, 41, 42, 
43, 44,45, 46, 51, 53, 55, 57, 58). 

Those who may be interested in more detailed information concerning the 
characteristics of the various species of the micrococci are referred to 
Hucker’s “Studies on the Coeeaceae”, particularly to numbers I. II, III, IY, 
VIII and IX (69, 70, 71, 72, 35, 65). The staphylococci or parasitic group 
are considered by Hucker to be species *of the genus micrococcus (69). In 






1156 


J. L. HILEMAN 


his latest classification lie lists nineteen species (65). Only one, M. casco- 
lyticus, causes proteolysis in milk (72). 

D. ENVIRONMENTAL FACTORS TENDING TO PROMOTE IIEAT-RESISTANCE 

IN BACTERIA 

The ability of a given species of bacteria to resist high temperatures is 
largely a specific characteristic. However, there are certain environmental 
factors which tend to promote ability to resist heat (and other unfavorable 
circumstances also), and these will be briefly discussed. 

Robertson in 1927 reviewed rather completely the literature on “the 
thermal resistance of microorganisms’’ (73). His conclusions are that the 
thermal resistance of micro-organisms seems to depend to a great degree on 
the moisture content of the cell. Thus, the moisture content of a spore is 
lower than that of a vegetative cell, and the cell wall of a spore is less perme¬ 
able to moisture. Moreover, cells subjected to desiccation survive longer if 
encapsulated than if not, encapsulated. Sarcinae survive desiccation better 
than certain other species, and they also survive higher temperatures than 
the micrococci and the common non-spore-forming rods, with the exception 
of Microbacterium lacticum and Lactobacillus thcrmophUm. It is probable 
that, as suggested by the literature, certain bacteria, when gradually sub¬ 
jected to increasing temperatures, have a faculty of adaptibility. This 
doubtless depends on the elimination of water from the cell contents. Also, 
suspending cells in distilled water, with lower osmotic pressure than the cell 
contents and a consequent tendency for water to migrate into the cell, lowers 
thermal resistance, whereas the reverse is true if cells are suspended or 
grown in solutions of increasing sucrose concentration. The effect of desic¬ 
cation by the concentrated sucrose solution is doubtless enhanced by the 
presence of capsules formed when’ some species grow in fairly concentrated 
sucrose solutions. 

The effect of either acclimatization or concentration, or both, may be 
operative in increasing the thermal resistance of bacteria in dairy utensils. 
Moreover, storage of milking machine tubes in brines may very well serve 
to strengthen the heat resistance of the organisms by lowering their mois¬ 
ture content. 

In another paper in 1927, Robertson (74) reports that cultures of Micro- 
bacterium lacticum , Sarcina lutea and Streptococcus thcrmophUm are more 
susceptible to beat in the accelerative growth stage than in the resting stage. 
This doubtless accounts for the observation of Macy (41) that the bacteri¬ 
cidal efficiency of pasteurization is greater in summer than in winter. In 
summer, due to higher temperatures, the organisms may reach the accelera¬ 
tive growth stage before pasteurization, whereas in winter they are doubtless 
maintained in the resting stage in many cases. 

To summarize briefly, it may be stated that certain thermoduric micro¬ 
cocci are normal inhabitants of the bovine udder, so that the milk itself con- 
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tinualJy seeds the farm utensils with these organisms. If the utensils are 
not properly washed and sterilized, these organisms will grow in them, and 
certain inefficient; sterilizing procedures may tend to enhance their thermal 
resistance. These udder micrococci form a significant proportion (one-third 
to one-half or even more) of the organisms surviving low-temperature long- 
hold pasteurization. Moreover, there is reason to believe that they are just 
as important in milk pasteurized by the liigh-temperature short-hold method, 
since at least one paper reports that heat-resistant yellow micrococci are espe¬ 
cially abundant on plates made from milk pasteurized by the high-tempera- 
ture method, and since there seems to be practically universal agreement that 
cleaning up dirty farm utensils, especially milking machines (which contain 
large numbers of micrococci), results in a marked decrease in the number 
of bacteria surviving high-temperature pasteurization. The species of mi¬ 
crococci known to occur in milk and to he heat-resistant are: M. albus, M. 
Candidas, M. cnnylomevatus, M. (pidcrmidis, M. lulcus and M. various. 

Many other species of heat-resistant bacteria have been shown to occur 
in milk, but their origin is in general not so clearly known as is the origin of 
the micrococci. Among these organisms may be mentioned the following 
species, although many of the Bacilli are rather rare: Bacillus acrothcr- 
mophilus, Bacillus albolactis, Bacillus butyric us, Bacillus calidolactis, Bacil¬ 
lus calidus, Bacillus ccrcus, Bacillus circulars, Bacillus < flaligu, Bacillus 
kaustophilus, Bacillus lactcrosporus, Bacillus mcscntcricus, Bacillus mi - 
chadisii, Bacillus m if caides, Bacillus uoudiaslalicus, Bacillus pan is. Bacillus 
ramosus, Bacillus sublilis. Bacillus tcnninalis var. i her mophilus . Bacillus 
thcrmoalimcntoph Hits, Bacillus ihcrmoliqucfacicns. Bacillus vulgaius , Lac¬ 
tobacillus ihcrmophilus, Microbactcrium lacticum, Sarcina lulca, Sarcina 
rosea , Streptococcus bovis, 8. faccium, 8. fecal is, S. glyccrinaccus, 8. inn - 
linaceus, 8. lit/uifacicns, 8. tliermophilns and 8. zy may cues. 
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American Dairy Science Association Announcements 

RESULTS OF ELECTION 

The results of the election of officers on October 1, were as follows: 

Vice-President: Henry F. Judkins. Sealtest Inc., New York, New York. 

Directors to serve for three years each; Howard B. Ellenberger, Uni¬ 
versity of Vermont, Burlington, Vermont; Arthur C. Dahlberg, Agricul¬ 
ture Experiment Station, Geneva, New York. 

Annual Meeting—1941—at University of Vermont, Burlington, Ver¬ 
mont, June 23-27. 

Many of our members are now making plans along with their families 
to attend the Annual Meeting next June. Those members who will present 
papers should write to the Chairman of the Program Committee, Dr. E. S. 
Guthrie at Cornell University and inform him that you desire to present a 
paper. Those of you who have been in Vermont will be sure to want to go 
again. Those who have never been there cannot afford to miss this oppor¬ 
tunity. 

The Association now has available all the Journals that have been pub¬ 
lished. You will find the price list for all back Journals in one of the 
advertising pages. 
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RELATION OF SURFACE TENSION OF RANCID MILK TO ITS 
INHIBITORY EFFECT ON THE GROWTH.AND ACID 
FERMENTATION OF STREPTOCOCCUS LACTIS 

N. P. TARASSUK and F. R. SMITH 
Dairy Industry Division, University of California 

Koestler (1) first observed the inhibitory effect of rancid milk on the 
growth of Streptococcus lactis with the resultant delayed acid fermentation. 
He noticed that raw rancid milk will not become acid-coagulated even if kept 
at room temperature for several days. Using milk susceptible to rancidity, 
lie made plate counts on the raw milk and on the milk pasteurized shortly 
after milking. Some samples were inoculated with S. lactis and some were 
not. The results indicated that the growth-arresting effect of rancid milk 
is very pronounced. According to Koestler, Roadhouse, and Lortscher (2), 
rancid milk significantly inhibits (or slows) the growth of bacteria in milk 
in general and of Streptococcus lactis in particular. As Tarassuk (3) has 
shown recently, rancidity is one cause for the failure of lactic starters in 
acid coagulation of milk. The admixture of as little as five per cent of 
rancid milk in normal milk with the addition of the usual amount of starter 
gave an acid clot that was very weak. At the higher concentration of rancid 
milk, the acid coagulation was delayed for as long as eleven hours. Tarassuk 
found that delayed acid coagulation can be somewhat overcome by increas¬ 
ing the amount of starter added. 

The frequency of rancidity in milk can be appreciated from recent con¬ 
tributions by Herrington and Krukovsky (4), Krukovsky and Herrington 
(5). In many dairy-manufacturing processes, on the other hand, a normal 
acid fermentation is of utmost importance. Explanation of the phenomenon 
involved in the inhibition of acid fermentation by rancid milk is, therefore, 
essential for a rational approach to this problem. 

. This report will furnish evidence for an explanation of why a rancid milk 
inhibits lactic-acid fermentation. 


METHODS 

The rancid milk used in these studies was one in which a lipase was natu¬ 
rally active—that is, a milk that would become rancid soon after milking 
without activation measures such as shaking or homogenization. The cow 
Received for publication Mnj r 14, 1940. 
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producing this milk was free from mastitis, Bang's disease, tuberculosis, and 
udder deformations. 

The surface tension was measured at 20°-21° (1 with the Cenco-du-Noiiy 
tensiometer. 

Hydrogen-ion concentrations were determined electrometrically with the 
Bailey hydrogen or quinhydrone electrode. 

The bacteriological methods were essentially those described in Standard 
Methods of Milk Analysis, sixth edition. 

EXPERIMENTAL RESULTS 

I. Surface Tension of Rancid Milk 

Doan and Minster (6) studying the changes in the physical and chemical 
properties brought about by homogenization of milk, showed that surface 
tension of homogenized milk is lowered by lipolysis. They attributed this 
surface tension lowering effect to the formation of appreciable amounts of 
surface tension active fatty acids. The hydrol 3 r sis of fat by lipase was 
accelerated by homogenization of raw milk. Tarassuk (3) working with 
milk in which lipase was naturally active has observed the same surface 
tension lowering effect. As the hydrolytic rancidity develops, the surface 
tension of milk decreases from a value of 49-51 dynes per cm. to a value of 
39 dynes per cm., or even lower. This progressive lowering of surface ten¬ 
sion has been confirmed in the present study. (Bee curve I, fig. 1.) If a milk 



Ttme to dby$ 

Fig. 1 . Change in surface tension of milk on development of rancidity at 7 ° C. 
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known to become rancid is pasteurized within a few hours after milking, the 
surface tension upon aging remains practically constant (curve II, fig. 1). 

. As compared with a rancid raw milk, the surface tension of a normal milk 
changes very little throughout the aging period. It decreases as a rule, 
about one to two dynes per cm. during the first two days and remains fairly 
constant thereafter. This relatively slight decrease in surface tension may 
be attributed to (1) a change in the physical state of fat on cooling of milk, 
as shown by Bauer (7); (2) a slight lipolytic activity which according to 
Herrington and Krukovsky (4) manifests itself in practically all raw milk. 

II. Relation of Surface Tension of Rancid Milk to Its Acid Coagulation 

According to a well-recognized fact, surface tension of media is an impor¬ 
tant factor in the growth of organisms. Larson, Cantwell, and Hartzell (8) 
found that a depression of the surface tension would prevent surface growth 
of pellicle formers. Also, according to these authors, certain anaerobes 
could grow aerobically when the surface tension was lowered. Wolfe (9), 
in rather extensive studies on this subject, including several species of bac¬ 
teria, found certain organisms to be more affected than others. 

In the Lactobacillus group, the minimum surface tension at which the 
various species will grow is being used as a means of differentiation. 

The work most, pertinent to the subject under consideration is that done 
by Ayers, Rupp, and Johnson (10) on surface tension as affecting various 
strains of the streptococci. These authors studied several different depres¬ 
sants and several different surface-tension values. Seemingly, a surface 
tension below 40 dynes per cm. would be necessary to stop the fermenta¬ 
tion reactions of Streptococcus lactis when inoculated into a carbohydrate 
medium. Unfortunately, surface tension has not been studied in relation 
to growth of Streptococcus lactis with a milk as a medium of growth. 

(a) Surface tension and acid fermentation of rancid milk aged at 
various temperatures 

In these experiments, milk containing a naturally active lipase was 
divided into three portions. The respective samples were aged at 7° C., 
22° C., and 37° C. The development of rancidity and acid fermentation of 
the samples was observed by testing surface tension, titratable acidity, and 
hydrogen ion concentration at intervals of time. 

In experiment 1, the samples were placed at their respective tempera¬ 
tures of holding three hours after milking. At this time the milk tested as 
follows: surface tension 49.7 dynes per cm., titratable acidity 0.12 per cent, 
and pH 6.83. In experiment 2, the milk w T as seven hours old, with surface 
tension of 45.5 dynes per cm., titratable acidity of 0.14 per cent, and pH of 
6.69. Tested organoleptically, this milk was already definitely rancid. 

Evidently, according to the data in table 1, the rate and extent of lipolysis 
was greatest when the milk was kept at low temperature. In all cases, the 
acid coagulation of milk was delayed. The coagulum formed under this 
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TABIjE 1 

Development of rancidity and acid fermentation of rancid milk aged at various 

temperatures 


Experi- 

Aging 

Aged at 7° C. 

Aged at 22° 0. 

Aged at 37° 

C. 

ment 

time 

8.T. 

T. A. 

pH 

S. T. 

T. A. 

pH 

S. T. 

T. A. 

pH 



dynes/ 

per 


dynes/ 

per 


dynes/ 

per 




cm. 

cent 


cm. 

cent 


cm. 

cent 


1 

34 hrs. 

41.6 

0.13 

6.73 

43.4 

0.15 

6.69 

46.2 

0.55 

5.38 


59 hrs. 

41.3 

0.15 

6.68 

44.8 

0.23 

6.10 

46.5 

0.60 

5.24 


83 hrs. 

liqi 

aid 


weak, 

partial coagu- 

weak, 

partial coagu- 







lation 



lation 



• 64 days 

39.5 

0.16 

6.63 








46 days 

weak, 

partial coagu- 










lation 








2 

28 hrs. 

41.3 

0.15 

6.63 

42.7 

0.16 

6.53 

44.8 

0.20 

6.27 


66 hrs. 







weak, partial coagu- 










lation 



4 days 

39.4 

0.17 

6.59 

44.5 

0.44 

5.44 | 


| 



5 days 




weak, 

partial coagu- 










lation 



j 



43 dayB 

41.6 

0.32 

5.81 


1 

i 





condition is weak, often resembling a precipitate rather than a clot. In 
experiment 2, the milk aged at 22° C. had stood for over 4 days before acid 
clot appeared. The same milk aged at 7° 0. failed to coagulate on standing 
as long as 43 days. At the end of this period, in fact, the pH of the milk 
was 5.81, the titratable acidity 0.32 per cent. 

The data in table 1 definitely indicate that the acid fermentation of 
rancid milk is markedly inhibited; likewise, that the lower the surface ten¬ 
sion, the slower the acid fermentation. At favorable growth temperatures, 
however, not only does the increased acidity check the further development 
of rancidity (as might be expected), but a rancidity previously produced is 
decreased, as shown by the rise in surface tension. 

(b) Surface tension and acid fermentation of rancid milk when 
inoculated with Streptococcus lactis 

In these experiments a portion of the milk containing active lipase was 
pasteurized at 60° C. for 30 minutes within 3-6 hours after milking. Sam¬ 
ples of the pasteurized and raw milk inoculated with a pure culture of 
Streptococcus lactis were incubated at 30° C. The data in table 2 show 
definitely the inhibition of growth of Streptococcus lactis in part of a sam¬ 
ple of milk in which lipase was allowed to remain active. These studies con¬ 
firm also the previous suggestion that when the growth of Streptococcus 
lactis in rancid milk reaches a certain stage, the surface tension of milk 
increases. 

(c) The growth and acid fermentation of Streptococcus lactis in sterilized 
rancid milk and their relation to the surface tension of the milk 

That the phenomenon of delayed acid fermentation of rancid milk is 
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TABLE 2 

Development of rancidity and acid fermentation in lipolytically active raw milk and in 
the same milk pasteurised. Both milks inoculated with Streptococcus lactis 


Sample 

Time of in¬ 
cubation 

Plate count 

Surface 

tension 

Titra¬ 

table 

acidity 

pH 

Remarks 

(a) Raw milk—4 

hours 

immediately 

133,000 

dyncs/cm. 

49.7 

per cent 
0.14 

6.67 


hrs. after 
milking 

(b) Milk (a) pas* 

after inocu¬ 
lation 

11 

144,000 

| 50.0 

0.14 

6.68 


teurized 
(a) Raw milk 

20 

500,000,000 

: 45.5 

0.20 

6.13 


(b) Pasteurized 

20 

1,180,000,000 

50.0 

0.25 

5.90 


(a) Raw milk 

28 





Liquid 

(b) Pasteurized 

28 





Coagu¬ 

lated 

(a) Raw milk 

33 


4G.2 

0.54 

5.41 

Liquid 

Coagu¬ 

lated 

(a) Raw milk 

35 

i 





caused by a low surface tension of such milk is again demonstrated in the 
following experiments. Whole milk containing a naturally active lipase 
was allowed to stand in the cold until it became very rancid. During this 
time the surface tension decreased from 50.7 dynes per cm. to 41.3 dynes per 
cm. Using the rancid milk and fresh normal milk, the following samples 
were made: I. normal whole milk, II. normal whole milk + 0.1 per cent of 
diglycol laurate, and III. rancid whole milk. All samples were sterilized 
in an autoclave at 115° C. for 20 minutes. After cooling they were inocu¬ 
lated with Streptococcus lactis and incubated at 30° C. At frequent inter¬ 
vals during the incubation period, samples were examined to determine the 
numbers of bacteria, the titratable acidity, the surface tension, and the time 
of coagulation. The results appear in figures 2, 3, and 4. 

The reason for inoculating the sterile samples of milk with Streptococcus 
lactis was as follows. If the surface tension is the factor in the phenomenon 
of delayed acid fermentation of rancid milk, then a sterile rancid milk inocu¬ 
lated with Streptococcus lactis should also exhibit the same phenomenon, 
provided that sterilization does not materially change the surface tension of 
rancid milk. Actually, we found that sterilization of rancid milk raises its 
surface tension only one to two dynes per cm. Furthermore, a normal milk 
whose surface tension is lowered by means other than lipolysis should behave 
like a rancid milk in respect to acid fermentation. It is for this reason that 
a diglycol laurate, a powerful surface-tension depressant oil,* was added 
to sample II. 

As is evident from figure 2, the growth of Streptococcus lactis in milk 

# It is advertised by a manufacturer as a non-toxic, edible oil. 
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Fig. 2. Growth of Streptococcus laciis in sterilized rancid milk. 



Fig. 3. Change in titratahlo acidity with growth of Streptococcus laciis in sterilized 
rancid milk. 


with a low surface tension is markedly inhibited. This inhibition is true 
whether caused by the addition of a surface-tension depressant or by a low 
surface tension resulting from a hydrolysis of milk fat. As the growth 
curves of Streptococcus laciis show, when the surface tension is low there is 
a longer lag period, together with a marked increase in the generation time 
in the period of logarithmic growth. Along with the inhibition of growth 
one finds a marked delay in acid fermentation. This latter fact is shown by 
the curves depicting the change in titratable acidity presented in figure 3. 
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time is fours 

Fig. 4. Change in surface tension with growth of Streptococcus lac Us in sterilized 
rancid milk. 

The unexpected and most interesting detail in this graph is the decrease in 
titratahlc acidity in samples II and III during the first, four to five hours of 
growth. The reason for this decrease becomes apparent after wc study in 
figure 4 the change in surface tension brought about by growth of Strepto¬ 
coccus lactis. During the acid-fermentation period resulting from the 
growtli of Streptococcus lactis, the surface tension of a normal milk remains 
essentially unchanged. On the other hand, in rancid milk and normal milk 
with depressed surface tension, the surface tension begins to increase after 
the first two hours of incubation. This increase becomes very appreciable 
during the logarithmic stage of growth; and when acid fermentation reaches 
the coagulation stage, the surface tension of these samples of milk ap¬ 
proaches the surface-tension value of a normal milk. The change in surface 
tension, therefore, must come through a change in the depressant. In rancid 
milk, then, the fat acids responsible for the lowering of surface tension are 
utilized by Streptococcus lactis in the process of growth. Tims, a decrease 
in titratable acidity in the first stage of growth becomes self-apparent. 

In a separate experiment in which laurie acid was used as a surface- 
tension depressant, similar results in respect to changes in surface tension 
and titratable acidity were obtained. 

The ability of Streptococcus lactis to utilize certain fat acids in the 
process of growth and thus to raise the surface tension of rancid milk is 
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confirmed also by the following fact. The surface tension of whey obtained 
from rancid whole milk by a direct precipitation with acid is normally higher 
by two or three dynes per cm. than that of milk itself. In contrast, the sur¬ 
face tension of the whey obtained from a rancid milk as a result of Strepto¬ 
coccus lactis fermentation, may be as much as ten dynes per cm. higher than 
that of milk itself prior to fermentation. 

CONCLUSIONS 

1. Inhibitory effect of rancid milk on the growth and acid fermentation 
of Streptococcus lactis has been confirmed. 

2. The inhibitory effect has been shown to result from a low surface ten¬ 
sion of rancid milk. 

3. Appreciable growth of Streptococcus lactis in rancid milk increases 
the surface tension of the milk. Under optimum conditions of growth in 
respect to temperature of incubation and initial number of organisms, this 
increase in the surface tension of rancid milk yields a final surface-tension 
value approaching that of normal milk. The change in surface tension 
apparently results from the utilization of surface-tension-lowering fat acids 
by Streptococcus lactis in the process of growth. 
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AGE AS A FACTOR INFLUENCING BREEDING EFFICIENCY 
IN A DAIRY HERD* 

G. A. BOWLING, D. N. PUTNAM, and B. H. ROSS 
Department of Dairy Husbandry, West Virginia University , Morgantown 

One of the objections to the exclusive use of proved sires in a dairy herd 
pertains to the difficulty of getting: heifers safe in calf. The general 
opinion is that a greater number of services is required per conception in 
heifers when bred to mature bulls than when bred to younger bulls. Breed¬ 
ing efficiency in dairy cattle is of considerable economic importance. This 
is especially true where dairymen are making an effort to maintain a uni¬ 
form production level, or attempting to have their cows and heifers calve 
during' $ certain period in order to establish a base production level that 
will meet the marketing situation prevalent in many milk sheds. 

The data that have accumulated in the herd books of the West Virginia 
Agricultural Experiment Station have been studied with the hope that some 
light might be thrown on the influence of age on the breeding efficiency of 
dairy cattle. A preliminary report (1) indicated a smaller number of ser¬ 
vices per conception in heifers when bred to young bulls than when bred to 
older bulls. These results checked with the conclusions of Morgan and 
Davis (2) based on a similar study in the Nebraska Station herds. In order 
that more definite conclusions might be drawn in regard to this question, a 
further analysis was made of the data at hand with special reference to the 
influence of the age of the bull and the age of the female upon the number 
of services required per conception in dairy cattle. 

PROCEDURE 

The data for this study were taken from the herd books of the Dairy 
Department of the West Virginia Agricultural Experiment Station for the 
period from January 1, 1920 to August 1, 1938. Only those animals which 
had given birth to calves, or w r hich were known to be breeders, were con¬ 
sidered. All animals which were known to be non-breeders were discarded 
from the data and were not used in tabulating the results. 

Since all of the Ayrshires and a large percentage of the cows of the other 
breeds were negative to the Bang’s test no attempt was made to study the 
two groups separately and both were treated as one group. 

The bulls ranged in age from one to fifteen years. The ages of the bulls 
were calculated to the nearest year. The ages of the females were consid¬ 
ered on the basis of conception since the conception seemed to be more impor¬ 
tant than actual age in this study. 

Received for publication June 4, 1940. 

* Published with the approval of the Director, West Virginia Agricultural Experiment 
Station, as Scientific Paper No. 239. 
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The females were grouped by conceptions ranging from one to six. 
However, due to the small number of cows in the sixth group it was con¬ 
sidered advisable to combine the fifth and sixth conceptions and treat them 
as one. The number of animals beyond the sixth group w T as so small it was 
‘ not considered. The study included a total of forty-three males and seven 
hundred six females grouped as shown in table 1. 


TABLE 1 

Arrangement of total number of females according to breed and conception 


Conception 

■ 

Breed of cattle 

Ayrshire 

Holstein 

Jersey and 
Guernsey 

Total 

First . 

420 

131 

80 

631 

Second . 

322 

106 

69 

497 

Third . 

205 

71 

48 

324 

Fourth . 

123 

45 

32 

200 

Fifth and Sixth. 

106 

38 

26 

170 


RESULTS 

Table 2 is a summary of the results of using bulls of all ages on females 
of all ages. Where no consideration was given either to the age of the bull 
or to the age of the female to which he was mated, the heifers that were bred 
for first calving required a larger number of services per conception than 
did the females of any other group. After the first conception, however, 
the number of services per conception did not vary to a marked degree. 

TABLE 2 

Average number services per * conception using bulls of various 
ages on females of all ages 


Conception 



1st 

2nd 

3rd 

4th 

5th and 6th 

Total 

Number of Females. 

631 

497 

324 

200 

170 


Number of Services. 

1601 

894 

572 

354 

289 

3710 

Number of Conceptions ... 

631 

497 

324 

200 

170 

1822 

Services per Conception. 

2.79 

1.86 

1,79 

1.82 

1.80 • 

2.02 


When the data are divided to show the influence of the age of both the 
bulls and the females a more detailed picture of the results can be seen. 
This material is presented in table 3. It is apparent that the age of the bull 
has a significant effect upon the number of services per conception in the 
case of heifers. Bulls under four years of age when bred to heifers showed 
a greater efficiency than bulls of any other age. In the case of the females 
bred for the second conception there was also a small but significant differ- 
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ence in favor of the bulls under four years of age. Beyond the second con¬ 
ception there was no significant effect of the age of the bull. 

In the case of cows of all ages bred to bulls under four years of age there 
is not a marked difference in the number of services per conception, except 
in the case of uncalved heifers. In all but three of the eleven age intervals 
for bulls above four years, however, a larger number of services per con¬ 
ception was required in the case of first conceptions than for any other con¬ 
ceptions. 

Figures 1 to 5 inclusive show the regression lines and the regression 





coefficients when the number of services for the various conceptions are 
plotted against the age of the bulls. The regression coefficients were plotted 
by the method of least squares. 
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The regression coefficients for figures 1 and 2 are highly significant. The 
regression coefficients for the remaining figures are not significant but the 
lines show a tendency for the breeding efficiency to decrease as the age of 
the bull increases. Figure 6 shows a comparison of the services required 
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TABLE 3 

Effect of age of bulls upon services per conception with females of 
different ages ( conceptions) 


Conception 


Age of bulls 

1- 2 years ... 

2 - 3 “ . 

3 - 4 “ . 

4- 5 “ . 

5- 6 “ . 

6- 7 <{ . 

7- 8 “ . 

8- 9 “ . 

9 - 10 “ . 

10-11 “ . 

11-12 “ . 

12 - 13 “ . 

13 - 14 “ . 

14 - 15 41 . 

15 - 16 “ . 

Mean . 
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for first conceptions with the average number of services required for con¬ 
ceptions at all ages. 


TABLE 4 

Analysis of variance of services per conception for animals in 
different age groups 


Source of variation 

Degrees of 
freedom 

Sums of 
squares 

Variance 

Total . 

74 

40.460 

.546 

Between conceptions. 

4 

11.419 

2.855** 

Between ages of bulls 

14 

12.049 

.861** 

Discrepance . 

50 

16.992 

.803 


Least significant mean difference between conceptions . .68 

Least significant mean difference between ages . .40 

** Highly significant. 


SUMMARY 

Seven hundred and six females and forty-three males are included in 
this study. A summary of their breeding records shows that when no con¬ 
sideration -was given to the age of the bull the number of services required 
for the first conception was significantly higher than for the following con¬ 
ceptions. Uncalved heifers required a smaller number of services per con¬ 
ception when bred to bulls under four yqars of age than when bred to older 
bulls. 

There was a gradual decrease in the breeding efficiency of bulls as they 
increased in age, but when used on females of all ages this decreased effici¬ 
ency, when compared to the yearling age, did not become significant until 
the bulls reached an average age of six years. Bulls 13 years old and over 
were significantly less sure as breeders than bulls six years of age. 

It appears from this study that the use of old bulls is an important fac¬ 
tor in the breeding efficiency of dairy heifers, and that dairymen may be 
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justified in mating heifers with young bulls in order that prompt concep¬ 
tions may result. 
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A SEM1MICR0--KJELDAHL METHOD FOR THE DETERMINATION 
OF TOTAL NITROGEN IN MILK 

S. G. MENEFEE and 0. R. OVERMAN 
Department of Dairy Husbandry, University of Illinois, Urbana, Illinois 

Recent research work in this laboratory pertaining to the nitrogen dis¬ 
tribution in dairy products made it desirable to develop a practical method 
for determining small amounts of nitrogen. 

A survey of the literature disclosed a number of methods designed for 
this purpose, but after careful consideration of the time factor, routine 
applicability and accuracy, the semimicro-Kjeldahl procedure used by Row¬ 
land (1) was chosen as the most practical method for the analysis of milk. 

Rowland does not describe the distillation apparatus he used, but stated 
that direct steam distillation was utilized to liberate ammonia from the 
digested samples. He used selenium oxychloride in the digestion mixture 
because it markedly reduced the time for digestion, increased the amounts 
of nitrogen determined and improved the agreement of duplicates. 

The results, this author reported for the total nitrogen in milk are not 
comj>ared with the Official Method (2), but he stated that duplicate deter¬ 
minations agreed within :i~ 0.2 per cent nitrogen. 

The purpose of this experiment was threefold: (a) to design a semimicro- 
Kjeldahl apparatus, (b) to compare the efficiency of several digestion cata- 
ysts and (c) to compare both standard acid and boric acid as the ammonia 
•eceiving agents. 

DESCRIPTION OF APPARATUS 

The apparatus shown in figure 1 proved to be very efficient. The am- 
nonia is liberated from the digested sample by direct steam distillation 
hrough a small distillation bulb and a 250 mm. condenser which has a pyrex 
senter tube. Steam is furnished by heating a 3 liter flask containing dis¬ 
tilled water slightly acidified with sulphuric acid. 

REAGENTS USED 

(1) 50 per cent Sodium Hydroxide Solution 

500 gms. U.S.P. NaOH, 500 ml. of distilled water and 125 gms. of sodium 
thiosulphate. 

(2) Standard Sulphuric Acid and Sodium Hydroxide Solution 

The acid and alkali solutions used for titrations were 0.02 N. 

(3) Boric Acid Solution 

A stock solution contained 1 pound of boric acid to 10 liters of distilled 
water. This solution was diluted (2 parts to 3 of water) and 25 ml. used 
to receive the ammonia. 

Received for publication June 24, 1940. 
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(4) Indicator 

100 mg. of methyl red and 30 mg. of methylene blue dissolved in 60 ml. 
of % per cent ethyl alcohol and made up to 100 ml. with distilled water. 

(5) Catalysts 

Three catalysts were used in the following experiments: 

(a) 0.2 gm. copper sulphate and 2 drops of selenium oxychloride. 

(b) 0.14 gm. HgO and 2 drops of selenium oxychloride. 

(c) 0.14 gm. HgO only. 



Fig. 1. Semimicro-Kjeldahl distillation apparatus. 
PROCEDURE 


Approximately five grams of milk, at room temperature, were weighed 
with a Mojonnier weighing cross and 5 gram pipets. The pipets were 
emptied into 100 ml. volumetric flasks and these filled to the mark with 
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distilled water. The samples were thoroughly mixed and 20 ml. of each 
pipetted into 300 ml. Kjeldahl digestion flasks. The different catalysts were 
added in the proportions mentioned above. Two gm. of sodium sulphate 
and 5 ml, of nitrogen-free sulphuric acid were then added and the samples 
containing selenium were digested over a moderate flame for 40 to 45 min¬ 
utes or about fifteen minutes after becoming clear. The samples containing 
HgO only as a catalyst were digested for the same length of time but with 
a slightly hotter flame. 

After digestion 50 ml. of distilled water was added to each sample. 
Fifteen ml. of the 50 per cent NaOH solution was added and the samples 
steam-distilled for approximately 10 minutes, the distillate passing into a 
125-ml. Erlenmeyer flask containing 25 ml, of 0.02 N acid to which 3 or 4 
drops of the methyl red—methylene blue indicator had been added. The 
indicator was added with a 0.1-ml, pipet. In some experiments 25-ml. of 
boric acid solution, containing the same amount of indicator, was used to 
receive the ammonia. 

Just before starting a series of distillations a clean Kjeldahl flask con¬ 
taining a little distilled water was steam-distilled until the walls of the con¬ 
denser and the distillation bulb were covered with moisture. This was done 
to prevent any loss of ammonia in the air discharged from the system at the 
beginning of the distillation. 

All samples were distilled so that 60 to 70 ml. of the distillate collected 
in approximately 10 to 12 minutes. A 10-ml. buret graduated to 0.05 ml. 
was used for making these titrations. Duplicate blank determinations of 
nitrogen in the reagents were made with each set of samples. 

The following experiments show the recovery of nitrogen from urea and 
the determination of protein (N x 6.38) in various samples of milk. All 
results are compared with those obtained by the Official Kjeldahl-Gunning- 
Arnold Method (2) and this will be referred to as the Official Method. 

The following tables show the recovery of nitrogen from urea using all 
three catalysts and with standard acid and boric acid as the ammonia re¬ 
ceiving agents. For the semimicro-Kjoldahl 240 mg. of urea were dissolved 
in 500 ml. of distilled water and 25 ml. taken for a sample. For the Official 
Method 1.2 gm. of urea were dissolved in 500 ml. of distilled water and 25 
ml. taken for a sample. 

The Official Method gave a recovery of 27.50 mg. of nitrogen from the 
25 ml. samples used in the determinations. On the basis of this recovery 
5.50 mg. of nitrogen should be recovered from each semimicro sample. The 
percentage of nitrogen recovered in the following tables is computed on the 
basis of this value (5.50 mg. of nitrogen per sample). 

The following samples were distilled into standard acid and back titrated 
with standard alkali. 
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TABLE 1 

Recovery using 25 ml. of standard acid as the ammonia receiving agent and 
titrating with standard alkali 


Se and CuSO* 

Recovery 

Se and HgO 

Recovery 

HgO 

Recovery 

5.46 

per cent 
99.27 

5.44 

per cent 
98.90 

5.38 

per cent 
97.82 

5.40 

98.18 

5.34 

97.09 

5.47 

99.45 

5.43 

98.73 

5.11 

92.90 

5.45 

99.09 

5.36 

97.45 

5.52 

100.36 

5.36 

97.45 

5.50 

300.00 

5.34 

97.09 

5.40 

98.18 

5.45 

99.09 

5.39 

98.00 

5.57 

101.27 

5.46 

99.27 

5.42 

98.55 

5.40 

98.38 

5.48 

99.64 

5.50 

100.00 

5.45 

99.09 

5.40 

98.18 

5.43 

98.73 

5.47 

99.45 

5.49 

99.82 

5.47 

99.45 

5.32 

96.73 

Av. 5.45 

99.09 

5.40 

98.18 

5.43 

98.73 


TABLE 2 

Recovery using 25 ml. of boric acid solution as the ammonia receiving agent 
and titrating direct with standard acid 


Se and CuS0 4 

Recovery 

HgO 

Recover 


per cent 


per een 

o.56 

101.09 

5.53 

100.55 

5.57 

301.27 

5.49 

99.82 

5.58 

101.45 

5.58 

103.45 

5.51 

100.08 

5.47 

99.45 

5.54 

100.73 

5.58 

101.45 

5.51 

100.08 

5.58 ! 

101.45 

5.54 

100.73 

5.35 

97.27 

5.54 

100.73 

5.37 

97.60 

5.60 

101.82 

5.46 | 

99.27 

5.48 

99.64 

5.36 

97.45 

Av. 5.54 

100.73 * 

5.48 

99.64 


TABLE 3 

Analysis of homogenized milk with boric acid as the receiving agent 
(Official Method — 8.41 per cent protein) 


Se and 
CuSO< 

1 * 

Se and 
CiiS0 4 

! 

HgO 

# 

HgO 

1 

* < 

HgO 

# 

3.38 

- 0.03 

3.41 

0.00 

3.37 

-0.04 

3.44 

+ 0.03 

3.43 

+ 0.02 

3.34 

-0.07 

3.38 

-0.03 

3.31 

-0.10 

3.40 

-0.01 

3.44 

+ 0.03 

3.41 

0.00 

3.41 

0.00 

3.30 

-0.11 

3.44 

+ 0.03 

3.42 

+ 0.01 

3.40 

-0.01 

3.32 

-0.09 

3.42 

+ 0.01 

3.45 

+ 0.04 

3.44 

+ 0.03 

3.39 

-0.02 

3.40 

-0.01 

3.43 

+ 0.02 

3.42 

+ 0.01 

3.33 

-0.08 

3.27 

-0.14 

3.38 

- 0.03 

3.35 

- 0.06 

3.46 

+ 0.05 

3.43 

+ 0.02 

3.40 

-0.01 

3.40 

-0.01 

3.43 

+ 0.02 

3.42 

+ 0.01 

3.44 

+ 0.03 

3.30 

-0.11 

3.40 

-0.01 

3.43 

+ 0.02 , 

3.40 

-0.01 

3.45 

+ 0.04 

Av. 3.36 

j -0.05 

3.39 

-0.02 

3,38 

-0.03 ! 


3.43 

+ 0.03 



* The difference between the semimicro values for total protein and the Official 
Method. 
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TABLE 4 


Analysis of homogenised milk (Official Method — 3.51 per cent protein ) 


Recovery using standard acid 

Recovery using boric acid 

Se and CuS0 4 

* 

HgO 

i 

* 

Se and CuS0 4 

* 

HgO 

* 

3.68 

+ 0.17 

3.38 

-0.13 

3.45 

-0.06 

3.53 1 

+ 0.02 

3.39 

-0.12 

3.42 

-0.09 

3.33 

-0.18 

3.49 

- 0.02 

3.37 

-0.14 

3.46 

-0.05 

3.42 

-0.09 

3.50 

-0.01 

3.48 

- 0.03 

3.45 

- 0.06 

3.45 

-0.06 

3.52 

+ 0.01 . 

3.46 

-0.05 

3.42 

- 0.09 

3.45 

-0.06 

3.50 

- 0.01 

3.39 

-0.12 

3.39 

-0.12 

3.54 

+ 0.03 

3.44 

-0.07 

3.40 

-0.11 

3.44 

- 0.07 

3.49 

-0.02 

3.51 

0.00 

3.45 

- 0.06 

3.34 

-0.17 

3.51 

0.00 

3.52 j 

+ 0.01 

Av. 3.45 

-0.09 

3.41 

1 -0.10 

Av. 3.46 

-0.06 

3.50 ' 

-0.009 


* See table 3. 


Samples of abnormal milk were sent to the laboratory for complete 
analysis so it was possible to calculate the percentage of protein by differ¬ 
ence in addition to making semi micro and macro analyses for x>rotein. All 
three catalysts were used in these experiments and standard acid used to 
receive the ammonia. The samples in these experiments are all from the 

TABLE 5 


A comparison of different methods of determining protein 
Experiment 1 


Sample 

No. 

Protein 
Semi micro 

Se & 0uSO 4 

Protein 

Official 

Protein by 
difference 

i 

i 


587 

573 

746 

per cent 

3.28 

3.65 

3.18 

per cent 

2.98 

3.64 

3.23 

percent \ 

3.34 

3.64 

3.20 | 

i 


Experiment 2 

Sample 

No. 

Protein 

Semimicro 

Se & HgO 

Protein 

Semiinicro 

HgO 

Protein 

Official 

Protein by 
difference 


587 

573 

746 

per cent 

3.19 

3.65 

3.23 

per cent- 
3.20 

3.65 

3.32 

per cent 

3.24 
| 3.61 

3.34 

per cent 

3.24 
! 3.61 

3.33 

i 

i 


Experiment 3 


Sample 

No. 

Protein 

Semimicro 

Se & CuS0 4 

Protein 
Semi micro 

Se & HgO 

Protein 
Sciui micro 
HgO 

Protein 

Official 

Protein by 
difference 


per cent 

per cent 

per cent 

per cent 

per cent 

587 

3.43 

3.39 

3.42 

3.42 

3.43 

573 

3.91 

8.90 

3.93 

3.92 

3.89 

746 

3.27 

3.31 

3.33 

3.18 

| 3.22 
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same cows but each experiment is a different set of samples. The results 
tabulated in table 5 are the averages of duplicate determinations. 

The data presented in table 6 show the approximate digestion time re¬ 
quired for each catalyst. The gas burners were adjusted to a moderate 
flame and not changed until the digestion of all the samples was completed. 
Samples were digested 15 minutes after clear and standard acid used as the 
receiving agent. 

TABLE 6 


The effect of the catalyst on the digestion time required (Official Method — 
S.4S per cent protein (Homogenised milk)) 


Catalyst 

Per cent protein found after digesting 

20 min. 

30 min. 

40 min. 

50 min. 

60 min. 

Se & CuS0 4 . 


3.39 

3.44 

3.44 

3.44 

Se & HgO . 

3.41 

3.45 

3.46 

3.45 

3.41 

HgO . 


3.39 

3.44 

3.46 

3.43 


Some investigators (3, 4) report the loss of ammonia when samples con¬ 
taining selenium are subjected to a prolonged digestion. In the following 
experiment (table 7) four burners were adjusted so that each burner gave 
a hotter flame than the preceding one. The first sample, shortest digestion 
time, was heated to extremes. All samples were digested until 15 minutes 
after clear. Boric acid was used as the receiving agent. 


TABLE 7 

The effect of the catalyst on the digestion time required when the intensity of the heat 
was varied (Official Method — SA1 per cent protein (Homogenized milk)) 


Se & CuS0 4 

Se & HgO 

HgO 

Digestion 

time 

Protein 

Digestion 

time 

Protein 

Digestion 

time 

Protein 

min. 

per cent 

min . 

per cent 

min. 

per cent 

20 

3.37 

25 

3.34 

30 

3.40 

30 

3.39 

30 

3.40 

32 

8.43 

40 

3.36 

38 

3.43 

40 

3.37 

55 

3.41 

38 

3.43 

47 

3.44 


In the last two results in the columns above the burners were adjusted 
about the same as the adjustment used in the regular digestion procedure. 
There seems to be little effect by heating the samples excessively. 

The catalyst containing selenium oxychloride and HgO seems to be 
slightly more efficient than the other catalysts in this and especially in the 
previous experiment. 

DISCUSSION 

In the data presented no distinct differences can be noted in the nitrogen 
and protein values obtained by using the various catalysts. 
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Rowland (1) in his original report stated that the addition of selenium 
to the digestion mixture increased the amount of nitrogen determined, but 
his comparison was made between copper sulphate with and without the 
addition of selenium. 

It is not surprising that the addition of selenium increased the nitrogen 
values because copper sulphate seems to be inefficient for digesting milk 
protein. The authors have found that copper sulphate alone is a slower 
catalyst than HgO or metallic mercury and it has a tendency to cause low 
results for total nitrogen if the same digestion time is used for all three 
catalysts. 

Lauro (5) used selenium alone as a catalyst because of its digestion 
efficiency. He also considered it a desirable catalyst because no precipi¬ 
tating agent is required. Most of the data pertaining to the use of selenium 
as a catalyst has been obtained by the analysis of cereal grains or their 
products and these results are somewhat conflicting (4, 6, 7). 

Poe and Nadler (8) state that a combination of Cu, selenium and Hg 
effects the greatest saving of time for digestion. Prince (9) claims selenium 
alone has no advantage over mercury but when they are used together the 
digestion time is lessened one half. Osborn and Krasnitz (10) have some¬ 
what the same opinion. They found that mercuric oxide and selenium is 
a more effective catalyst than selenium and copper sulphate. They conclude 
that when the digestion period is extended the danger of the loss of nitrogen 
increases in the following order: mercury, selenium and copper sulphate, 
and mercuric oxide and selenium. They believe that the danger from the 
loss of nitrogen may be reduced by using larger amounts of acid. 

Davis and Wise (6) logically state that the indications favor a lower 
result with the use of selenium but this may be compensated for by careful 
research by each collaborator into the time of digestion, intensity of heat 
applied and the amount of sulphate used in the digestion. 

The above discussion would lead to the conclusion that selenium would 
probably not be as universally used as metallic mercury or mercuric oxide. 
The literature for the most part, in spite of conflicting evidence, indicates 
that low results are experienced with the use of selenium or its combinations. 

Because of this criticism of selenium the writers prefer to use HgO. 
This gives results as satisfactory as any of the selenium combinations. 

Rowland used 0.02 N acid to receive the ammonia and boiled the distil¬ 
lates to .remove carbon dioxide. After cooling, the samples were titrated 
with 0.02 N NaOH using 0.1 per cent methyl red solution as the indicator. 

This procedure is not well adapted to routine analysis and the endpoint 
in the titration is not entirely satisfactory because it is not well defined. 

The use of the boric acid solution as the receiving agent for the ammonia 
is preferred because it eliminates boiling the samples to remove carbon 
dioxide. The solution does not have to be measured accurately; it elimi- 
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nates the use of the dilute NgOH which requires frequent restandardiza¬ 
tion and is very sensitive to carbon dioxide. The direct titration with 
standard acid also simplifies calculations. In the previous experiments 
slightly higher and more consistent results have been obtained with the 
boric acid solution than with the standard acid and alkali. 

Methyl red is not satisfactory for the direct titration of boric acid be¬ 
cause the endpoint is indefinite. The methyl red-methylene blue indicator 
gives a distinct endpoint and has the advantage that the two components 
of this indicator may be adjusted so that the end point will satisfy the indi¬ 
vidual analyst. This combination indicator is also satisfactory if standard 
acid is used as the ammonia receiving agent. 

As mentioned under 4 * Procedure ’ 9 (page 2) a flask containing distilled 
water was steam distilled before starting the samples to p revent the loss of 
ammonia. Bedemann (11) claims that some of the error in the semimicro 
determinations is due to the loss of ammonia in the air forced out at the 
beginning of the distillation of a sample. For this reason the above pro¬ 
cedure was adopted. It seemed reasonable to expect no loss of ammonia 
if the system contained moisture because of the water solubility of this com¬ 
pound and the small amount of nitrogen present in the semimicro sample 
(0,5 per cent approximately). This theory was cheeked by using some of 
the urea solution used in table 1 and 25 ml, of distilled water as the ammonia 
receiving agent. In the following samples selenium and copper sulphate 
were used as the catalysts. N Recovered , Mg 5.57, 5.55, 5.46, 5.52, 5.55, 5.48, 
5.37, 5.47, 5.62, 5.55—Av. 5.51. 

These results prove that very little if any of the ammonia is lost if some 
moisture is present on the walls of the system at the beginning of the dis¬ 
tillation. 

The semimicro method presented may be modified in many ways by the 
analyst and still give accurate results; however, its main advantage is the 
saving of time and the reduced cost of reagents per determination. 

SUMMARY 

1. A semimicro-Kjeldahl method and apparatus is described. 

2. Mercuric oxide is recommended as a catalyst with boric acid as the 
ammonia receiving agent and methyl red-methylene blue as the indicator. 

3. The semimicro method was found to check very closely with the 
Official Method. 

4. The semimicro method is useful for determining small amounts of 
nitrogen, it is time saving, well adapted to routine analysis, and reduces 
the cost of reagents per determination. 
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A STUDY OF FRESH AND FROZEN PLAIN, SUPERHEATED, AND 
SWEETENED CONDENSED SKIMMILK FOR ICE CREAM 1 

L. K. CROWE and HARRY II. WINN* 

Dairy Husbandry Department, University of Nebraska, Lincoln , Nebraska 

INTRODUCTION 

A method of storing milk solids in the form of frozen condensed skim- 
milk has been tried in the University of Nebraska Creamery and in general 
has proved successful. However, there have been times when the protein 
in the condensed skimmilk, which has been held frozen in storage, has become 
precipitated and gelation has occurred. These changes in the protein have 
not proved serious, but if the frozen condensed skimmilk is to be sold, it is 
necessary to reprocess it, which involves added expense and increases the 
cost of the milk solids. 

In the freezing of inilk and cream, viscosity as well as the factor of time 
plays a significant part in limiting the aggregation of colloidal particles. 
In the case of frozen cream to which sugar has been added, the point where 
viscosity limits the destabilizing effect of freezing is reached early and ag¬ 
gregation of the colloidal particles is reduced. On the basis of such an 
explanation it is reasonable to assume that similar results could be obtained 
by adding sugar to condensed skimmilk which is to be held frozen in storage. 
It has been shown by Pyenson and Dahle (12) that superheating of con¬ 
densed skimmilk to 180° F. for 20 minutes brings about an increased stabil¬ 
ity of the proteins, as measured by the alcohol number, and that the large 
increase in viscosity due to superheating is associated with the coagulation 
of calcium caseinate and is not due to hydration. With this in mind, it w r as 
desired to include superheated condensed skimmilk in this study to observe 
the effects of freezing and storing on this type of condensed skimmilk. It. 
seemed logical to believe that if condensed skimmilk was to be stored during 
the season of surplus and used during shortage, a three-months storage 
period would be sufficient, and it was upon this basis that the problem was 
studied. 

The purpose of this problem was to study the effects of freezing and stor¬ 
ing upon plain condensed skimmilk, superheated condensed skimmilk and 
sweetened condensed skimmilk, and to compare the advantages of one type 
over another as a possible means of storing serum solids for ice cream nianu- 

Received for publication June 28, 3940. 

1 Published with the approval of the Director as paper No. 264, Journal Series, Ne¬ 
braska Agricultural Experiment Station. 

* The data presented in this paper are from a study made by the junior author under 
the supervision of the senior author in partial fulfillment of the work required for the 
degree of Master of Science. 
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facture. Any defects in the frozen condensed skimmilk which might add 
to the difficulties of incorporation in the ice cream mix, or which might 
require the condensed to be reprocessed, were particularly observed, as were 
any changes in the quality of the finished ice cream. Changes in the whip¬ 
ping ability of the ice cream mixes and any other variations resulting from 
the use of the three types of fresh and stored frozen condensed skimmilk 
were carefully observed. 


REVIEW OF LITERATURE 

Webb and Hall (17) found that fresh whole milk could be pasteurized, 
condensed to one-third its weight, canned and frozen without any detri¬ 
mental effects to the body or flavor of the product. Such a milk, if held at a 
temperature below *“13° (8.6° F.), could be thawed and reconstituted with 
cold water to yield a product similar to normal fresh milk at any time up to 
the fourth week of storage. They stated that high heat treatment, long-time 
heat treatment or high storage temperature shortens the storage period in 
which the milk is free from casein precipitation. 

Doan and Featherman (7) found that in concentrating and freezing 
milk for storage purposes, a degree of concentration of approximately three 
to one appears to give the most satisfactory results. Milk of such a concen¬ 
tration could be stored up to 12 weeks and still produce a normal reconsti¬ 
tuted product. 

Anderson and Pierce (1) showed that holding milk at -25.7° C. (-14° 
F.) gave no precipitated protein until the third month of storage and was 
usable until the sixth month. Milk held at -12.5° C. (10° F.) showed some 
protein precipitation at the end of the second month, and at the end of the 
fifth month practically all of the protein had precipitated. Referring to 
the work of Webb and Hall, Doan and Baldwin (G) stated that freezing, 
itself, has no measurable effect upon protein dispersion and that holding 
milk in the frozen condition for several weeks or months is required to cause 
aggregation, denaturation, or instability of the proteins. Mack (8) found 
that the proteins of ice cream mixes made from frozen cream were less stable 
than those of the mixes made from fresh sweet cream, as measured by the 
protein stability test used by Doan (3). 

While studying factors affecting the bound-water content of some dairy 
products, Dahle and Pyenson (2) found that holding skimmilk for long 
periods of time in the frozen state had no great effect upon alcohol stability 
of the proteins, but with condensed skimmilk destabilization of the proteins 
occurred. The condensed skimmilk increased in bound water when stored 
in a frozen condition for 25 days but after 57 days a marked precipitation 
had occurred. Doan (5) concluded that when frozen condensed whole milk 
is stored more than 8 weeks, the proteins become denatured and gelation 
occurs when the frozen condensed milk is thawed. Munkwitz, Berry, and 
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Boyer (9) stated that “freezing of milk causes a partial precipitation of 
milk solids, albumen being precipitated in the greatest amount, followed in 
order by lactose, total protein, ash, casein, total solids, and fat. With the 
exception of fat, the amount of precipitation of solids increases as the length 
of time of freezing increases,” 

Openlander and Erb (10) found that condensed skimmilk, when prop¬ 
erly frozen and stored, could be used as a satisfactory source of serum 
solids in ice cream. The first noticeable defect that occurred in the ice cream, 
made from frozen condensed skimmilk was a curdled appearance on melting. 
This defect could be easily corrected by the use of 0.3 per cent sodium 
citrate added to the mix at the pasteurizer. They also found that frozen 
condensed skimmilk testing 27 to 30 per cent total solids produced an ice 
cream that was less curdy than ice cream made from frozen condensed skim¬ 
milk testing 40 per cent total solids. 

Reichert and Corley (15) have recently reported that frozen condensed 
skimmilk stored at -17.8° C. (0° P.) can be used satisfactorily as a source 
of serum solids in ice cream manufacture but that a storage period exceed¬ 
ing six months is not advisable. Frozen condensed skimmilk, after storage 
for four or more months, exhibited evidence of gelation upon melting, indi¬ 
cating that a denaturation of the protein had taken place during storage. 
However, the appearance of the final ice cream mix was not affected and no 
trouble was experienced in processing the mix. No consistent differences 
were noted in the whipping ability of the ice cream mixes nor in the flavor, 
body, and texture of the finished ice cream, but the ice cream made from the 
frozen condensed skimmilk melted down approximately twice as fast as that 
made from fresh condensed skimmilk. 

According to Ramsey (13) the proteins in the ice cream mix should be in 
such a condition that they will absorb moisture readily. He stated that fresh 
plain condensed skimmilk or superheated condensed skimmilk is the best 
source of serum solids for ice cream and that sweetened condensed skimmilk 
and skimmilk powder can be used with fairly good results. Frozen con¬ 
densed skimmilk is unsatisfactory because the proteins are denatured by 
freezing. 

Tracy (15) and Tracy and Hahn (16) reported that the use of super¬ 
heated condensed skimmilk in ice cream mixes will likely increase the vis¬ 
cosity of the mix somewhat over that of an ice cream mix containing plain 
condensed milk. They stated that there is no benefit from the use of super¬ 
heated condensed skimmilk in ice cream manufacture so far as the time re¬ 
quired to reach 100 per cent overrun is concerned. However, when a higher 
maximum overrun is desired, it may be used to an advantage. 

Whitaker and Hilker (18) found that ice cream made from plain con¬ 
densed skimmilk was less smooth, slightly weaker in body, and had a slightly 
less cooked flavor than ice cream made from superheated condensed skim- 
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milk. Using the sales-preferenee method of comparison, Williams and Hall 
(19) found that superheated condensed skimmilk produced a better quality 
of ice cream than did plain condensed skimmilk. 

Pyenson and Dahle (12) stated that superheating of condensed skim¬ 
milk resulted in increased stability of the proteins, as measured by the 
alcohol test, and that the change in viscosity obtained by superheating was 
not due to hydration but to coagulation of the proteins. 

METHOD OF TREATMENT 

Preparation and Study of the Condensed Skimmilk . The three types 
(plain, superheated, and sweetened) of condensed skimmilk used in this 
study were prepared at three different times of the year (October 12, 1938; 
December 29,1938; and February 11,1939) to increase the scope of the data 
rather than to observe seasonal variations. The three types of condensed 
skimmilk prepared at any given period were made from the same lot of raw 
whole milk and processed m as nearly the same manner as possible. 

For the manufacture of the three types of condensed skimmilk, approxi¬ 
mately 350 gallons of skimmilk were taken immediately after separation, 
from pasteurized whole milk. Two-thirds of this skimmilk was heated to a 
temperature of 150° F. for forewarming and the remaining one-third was 
held cold, to be used later (approximately four hours) m preparing sweet¬ 
ened condensed skimmilk. 

The skimmilk which had been fore warmed to 150° F. was then drawn 
into a Rogers 26-inch stainless steel vacuum pan and condensed to approxi¬ 
mately 30 per cent total solids, under a vacuum of about 25 inches. One- 
half of the plain condensed skimmilk was drawn from the pan, cooled to 
about 55° F. a sample taken for analytical purposes and the remainder held 
at 45° F. until prepared for storage or used in an ice cream mix. 

After obtaining about 25 inches of vacuum, the remaining portion of 
condensed skimmilk in the pan was superheated according to the method 
used by Doan (4). The temperature of the milk was raised to 180° F. and 
held for a sufficient length of time (five to fifteen minutes) to cause the 
desired increase in body as determined by striking and noting thickness. 
During this time the vacuum dropped from 25 inches to 10 to 13 inches 
When the desired thickness was obtained the vacuum pump was started and 
the superheated condensed skimmilk was cooled in the pan to about 120° F., 
drawn from the pan and cooled to about 55° F. in a 50-gallon coil vat using 
ice water as the cooling medium. A sample was taken and the remainder 
was placed at 45° F. and held until prepared for storage or used in an ice 
cream mix 

The remaining one-third of the original skimmilk, which had been held 
cold, was preheated to 150° F for 20 minutes. An amount of sugar to give 
one pound of sugar per pound of milk solids was added and the sweetened 
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skimmilk condensed to approximately GO per cent total solids (30 per cent 
milk solids and 30 per cent sugar) under a vacuum of about 25 inches, 
drawn from the pan and cooled to about 55° F. with a small brine-cooled 
surface cooler. A sample was taken and the remainder was then placed at 
45° F. and held until prepared for storage or used in an ice cream mix. 

After the fat and total solids content of the condensed skimmilk had 
been determined by the Mojonnicr procedure, the plain and superheated 
condensed skimmilk was standardized with distilled water to 30 per cent, 
total solids. The sweetened condensed skimmilk was not standardized be¬ 
cause in all cases the total solids content was slightly less than the desired 60 
per cent. 

The approximate amount of each type of condensed skimmilk needed for 
300 pounds of ice cream mix was weighed into new T five-gallon lard tins and 
stored at approximately 0° F. Three cans of each type of condensed skim¬ 
milk were put into storage at each period, one to be taken out at the end of 
each month for three months and made into an experimental ice cream mix. 

As each monthly batch of condensed skimmilk was withdrawn from stor¬ 
age and thawed (at room temperature for 24 hours), observations were 
made for possible changes in physical structure or presence of “off-flavors” 
that might have developed during storage. After complete thawing, sam¬ 
ples were taken from each type of condensed skimmilk for analytical 
purposes. 

Preparation of the Ice Cream Mixes. On the day following the prepara¬ 
tion of the condensed skimmilk and at the end of each month of storage 
three batches of ice cream mix, 300 pounds each, were made, using each of 
the three types of condensed skimmilk as the source of added serum solids. 
During this study a total of 35 ice cream mixes was prepared. 

Other ingredients used in preparing the ice cream mixes were fresh 
sweet cream containing 34 per cent butterfat, skimmilk, sugar, corn sugar, 
and gelatin in quantities to give the following composition: butterfat, 14 per 
cent; serum solids, 10 per cent; sucrose, 13.5 per cent; corn sugar, 1.5 per 
cent; gelatin, 0.25 per cent. Each ice cream mix was pasteurized at 160° F. 
for a period of 20 minutes, homogenized in a two-stage 100-gallon-per-hour 
Manton Gaulin homogenizer at a total pressure of 3,000 pounds per square 
inch, wdth 500 pounds pressure on the second stage, and cooled over a sur¬ 
face cooler to approximately 40° F. and held below 45° F. for 20 to 24 hours. 

Freezing the Ice Cream Mixes. The ice cream mixes were frozen in a 
Creamery Package 40-quart horizontal direct-expansion freezer. Before 
the experimental ice cream mixes were frozen, a preliminary batch was 
frozen in order to have the freezing conditions as nearly the same as pos¬ 
sible. The mixes were frozen in duplicate and in succession, the ice cream 
mix containing tbe plain condensed skimmilk always being first, followed 
in order by the ice cream mixes containing superheated and sweetened eon- 
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densed skimmilk. The temperature of the ice cream mix at the beginning of 
the freezing process, the temperature of the refrigerant, and the time re¬ 
quired to freeze the ice cream mixes to 24° F. were recorded. Overrun 
readings were taken immediately after the refrigerant was shut off and at 
minute intervals thereafter until the overrun had reached a maximum. 

Method of Taking lee Cream Samples. Samples were obtained by fill¬ 
ing quart Sealright containers directly from the freezer as soon as an 
overrun reading of 100 per cent was obtained, and immediately trans¬ 
ferred to the hardening room held at approximately 0° F. 

Analytical Procedure. The butterfat and total-solids determinations 
were obtained in duplicate by the Mojonnier method. 

Solubility of the condensed skimmilk was determined by standard¬ 
izing 200 grams to 9 per cent milk solids with distilled water at 70° F., 
mixing for one minute on an electric Hamilton-Beach Malted Milk Mixer 
and centrifuging a 25 ml. portion for 15 minutes in a Hart Casein test 
bottle at normal Babcock speed. The supernatant liquid was removed by 
means of a rubber siphon tube to within 2 or 3 ml. of the sediment and 
the test bottle refilled to the 25 ml. mark with distilled water. The test 
bottles were then shaken to dislodge the sediment in the bottom of the 
bottle and again centrifuged for 15 minutes. Each sample was represented 
by duplicate tests and the degree of solubility rated relatively as the num¬ 
ber of smallest graduations on the Hart Casein test bottle, according to 
the amount of sediment collected in the bottom of the test bottle. 

Protein stability of the ice cream mixes was determined by the alcohol 
number method used by Pyenson and Dahle (11). The tit ratable-acidity 
of the ice cream mixes was obtained by weighing nine grams of the sam¬ 
ple at room temperature into a 125 ml. Erlenmeyer flask, adding 9 ml. 
of boiled distilled water, five drops of a one per cent alcoholic solution of 
phenolphthalein and titrating to the first definite and relatively perma¬ 
nent shade of pink with N/10 sodium hydroxide. 

The pH of the ice cream mixes was determined at 25° C. (77° F.) by 
means of a quinhydrone electrode and a Leeds and Nortlirup Type K poten¬ 
tiometer. 

Viscosity of the ice cream mixes was measured in triplicate at 5° C. 
(41° F.) with a Gramercy model MacMichael viscometer, using a 100 ml. 
sample and a No. 30 wire. The average of the three determinations was 
recorded as the viscosity in MacMichael degrees. 

Judging the Ice Cream and Determining Melting Quality. The quart 
samples of ice cream were removed from the hardening room about 10 days 
after freezing and were cut in half. One pint of each sample was scored 
for flavor, body, and texture, and the remaining pints were set upon one- 
fourth-inch-mesh wire, resting on the rim of a heavy five-inch glass funnel 
with the end leading into a previously weighed 100 ml. graduated cylinder. 
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The number of minutes required for 100 ml. of melted ice cream to collect 
in the cylinder in a room held at 60° to 62° F. were recorded. The char¬ 
acter of the melted ice cream as to smoothness and amount of foam was 
observed. 

EXPERIMENTAL RESULTS 

Physical Appearance of the Three Types of Condensed Ski turn'dk as 
Affected by Freezing and Storing. Comparisons were made concerning: 
the body and physical appearance of each type of fresh condensed sldni- 
milk and again at the end of each storage period (table 1). The super¬ 
heated condensed skimrnilk was changed most in physical appearance as 
shown by the slight curdy appearance and whey separation at the end of 
one month in storage, increased protein precipitation after two months, and 
marked precipitation after three months. The plain condensed skimrnilk, 
which had been prepared in October, evidenced slight whey separation 
after two months in storage but was not criticized otherwise during this 
study. Since this defect did not occur in the plain condensed milk pre¬ 
pared in December and February, the defect may be ascribed to the qual¬ 
ity of the original milk from which the October batch was prepared. Ex¬ 
cept for a slight sandy condition, there was no change in the physical 
appearance of the sweetened condensed skimrnilk after three months in 
storage. 

Fresh plain, and sweetened condensed skimrnilk were almost completely 



MONTHS STORED FROZEN" 

Graph 1. Comparative solubility of condensed skim milks. Fresh and stored frozen 
for the periods of time indicatod. 

* Average data from 3 scries with the exception of 3 month period which is an average 
of only 2 series. 

** Solubility is expressed os the number of smallest graduations on the graduated 
scale of the Hart casein test bottle. 
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soluble, ami but very slightly more soluble than the fresh superheated con¬ 
densed skimmilk. After one month in storage, the solubility of the plain 
condensed skimmilk decreased and continued to decrease very slowly up 
to the end of three months in storage. The solubility of the superheated 
condensed skimmilk decreased rapidly during one month in storage and con¬ 
tinued to decrease rapidly during the storage period. The sweetened con¬ 
densed skimmilk was almost completely soluble after three months in 
storage. 

TABLE 1 

Observations on the appearance of the condenstd skimmilk, Jr nth and afUr Ihawtny 


Type of 
condensed 
skimmilk 


Age (months 
frozen) 


Oct. 12,1938 


Pate condensed 


Pec 29,1938 


Feb. 11,1939 


Plain 


0 

1 

o 


3 


(Piesh) 


good 
sandy 
sandy 
si. w hey 


good 

good 

good 


good 

good 

good 


good 


good 


Superheated 


0 (Fresh) 
1 

2 

3 


good 
si. whey 
si. curdy 
whey, curdy 
si. gel. 


good 
si. whey 
si. curdy 
si. whey 
si. euidy 
curdy, gel., 
whey 


good 
si. whej 
si. curdj 
si, wbey 
curdy 
si. whey 
curdy 


Sweetened 


0 (Fresh) 
1 
2 
3 


good 
si. sandy 
si. sandy 


good 
si. sandy 
si. sandy 
si. sand) 


good 

good 

good 

good 


Chemical and Physical Charac t t< rislics of the Ice Cream Mixes as 
Affected by the Three Types of Fresh and Stored Frozen Condensed Sktm- 
milk Protein Stability . There vas no consistent change in the protein 
stability (alcohol number) of ice cream mixes made with condensed skim¬ 
milk which had been stored frozen one month when compared to those pre¬ 
pared with the fresh product (table 2). However, mixes made with stored 
frozen superheated condensed skimmilk «t this period showed less change 
than mixes made with plain or sweetened condensed skimmilk. It was 
also noticed that the protein stability of ice cream mixes, made with each 
type of condensed skimmilk which had been stored frozen two months, 
was consistently greater than that of mixes made with fresh condensed 
skimmilk or condensed skimmilk which had been stored frozen for one and 
three months. There was no apparent relationship between the solubility 
of the condensed skimmilk and the alcohol number of the ice cream mix in 
which it was used. 

Titrable Acidity . There was very little difference in the titrable acidity 
of the ice cream mixes made with the three types of fresh condensed skim- 



TABLE 2 

Comparison of some chemical and physical properties of ice cream mixes , made from fresh and stored frozen condensed skimmilk 
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milk (table 3). The titratable acidity of the ice cream mixes made with 
the three types of stored frozen condensed skimmilk was in nearly every 
case equal to or less than the titratable acidity of mixes made with the 
fresh condensed skimmilk, thus indicating that freezing and storing con¬ 
densed skimmilk for periods up to three months did not increase the 
titratable acidity of the ice cream mix in which it was used. 

Effect on pH. Tbe pH of ice cream mixes made with fresh sweetened 
condensed skimmilk was in every ease slightly lower than the pH of ice 
cream mixes made with fresh plain and fresh superheated condensed skim¬ 
milk. This variation might be explained in part by tbe fact that even 
though the three types of condensed skimmilk were prepared from the same 
original batch of raw milk, the skimmilk used in preparing the sweetened 
condensed skimmilk was always subjected to a holding period of approxi¬ 
mately four hours at 45° F. before it was drawn into the condensing pan. 
The pH of the ice cream mixes was always within the range of 6.2 and 6.4 
and the differences were not significant as far as the type of fresh and 
stored frozen condensed skimmilk is concerned. 

Effect on Viscosity. Viscosity determinations show (table 2) that ice 
cream mixes made with superheated condensed skimmilk were but slightly 
more viscous than ice cream mixes made with plain and sweetened con¬ 
densed skimmilk, indicating that the high viscosity of the superheated con¬ 
densed skimmilk did not carry over appreciably into tbe ice cream mix. 
The viscosity of the ice cream mixes was not consistently affected by the 
freezing and storing of tbe three types of condensed skimmilk used. 

Whipping Ability. Conclusions drawn from average whipping curves 
indicate that the ice cream mixes made with the fresh plain condensed 
skimmilk whipped to 100 per cent overrun faster than ice cream mixes 
made with fresh superheated and'fresh sweetened condensed skimmilk. 
There was no significant difference in the time required to reach 100 per 
cent overrun in mixes made with the latter two types of condensed skim¬ 
milk, but a higher maximum overrun was obtained in those mixes made 
with fresh sweetened condensed skimmilk. There was an increase in time 
required to reach 100 per cent overrun in mixes made with the three types 
of condensed skimmilk stored frozen one month, and the maximum over¬ 
run was lowest. The time required to reach 100 per cent overrun in ice 
cream mixes made with the three types of condensed skimmilk stored 
frozen for two and three months was less than the time required for mixes 
made with fresh condensed skimmilk and the maximum overrun was 
approximately the same as that of ice erfeara made with fresh condensed 
skimmilk. 

Flavor, Body, and Texture and Melting Characteristics of the Ice Cream. 
In general there was no appreciable difference in tbe flavor scores of ice 
cream which could be attributed to the type of condensed skimmilk used 



TABLE 3 

Comparison of some chemical and physical properties of ice cream mixes, made from fresh and stored frozen condensed skimmilk 
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or whether it was the fresh or frozen product. Prom the standpoint of body 
and texture, there was no difference in ice creams made with the three types 
of fresh condensed skimmilk. However, there was a tendency for the ice 
creams made with the three types of condensed skimmilk stored for one 
month to score slightly lower in body and texture than that made with 
fresh condensed skimmilk. 

Ice cream made with fresh superheated condensed skimmilk was slower 
in melting than ice cream made with either fresh plain or sweetened con¬ 
densed skimmilk. Freezing and storing superheated condensed skimmilk 
had no consistent effect on the melting time of the ice cream. Ice cream 
made with fresh sweetened condensed skimmilk melted faster than ice 
cream made with fresh plain condensed skimmilk, but ice cream made with 
the same condensed skimmilk after one, two, and three months in storage 
showed exactly opposite results. The melting time for the ice cream made 
with plain condensed skimmilk stored one month did not change, whereas 
that of ice cream made with sweetened condensed skimmilk during the 
same period increased. These data indicate that freezing and storing plain 
condensed skimmilk brought about a ehange that did not occur m the 
sweetened condensed skimmilk. These differences, however, were not great 
and would not suggest an advantage of one type of condensed skimmilk 
over the other. 

As the melting time decreased the weight of the melted ice cream also 
decreased. By studying the weight of the melted ice cream, the amount of 
foam could be relatively determined. Of the three types of condensed 
skimmilk used in the ice cream, the fresh sweetened condensed skimmilk 
gave the most foam on melting, but after the condensed had been in storage 
for one month, ice cream made with the plain condensed skimmilk gave the 
most foam. Ice cream made witlrsuperheated condensed skimmilk always 
gave the least amount of foam on melting. Freezing and storing the plain 
and superheated condensed skimmilk increased the amount of foam in the 
melted ice cream, whereas the opposite was true for sweetened condensed 
skimmilk. 

Ice cream made with plain condensed skimmilk melted down smoothly 
and evenly in every case. The ice cream made with stored frozen super¬ 
heated condensed skimmilk was frequently criticized for a slight curdy 
appearance, but the most noticeable difference in melting of this type of 
ice cream was that, instead of the sides melting straight down as they did 
in the ice cream made with plain and sweetened condensed skimmilk, they 
tended to fall off in chunks. Ice cream made with fresh sweetened con¬ 
densed skimmilk always melted smoothly and evenly, but that made with 
stored frozen sweetened condensed skimmilk was sometimes criticised for 
having a flaky or curdy appearance. 
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THE EFFECT OF ADDED EGG PHOSPHOLIPIDS ON THE 
NUTRITIVE VALUE OF CERTAIN VEGETABLE OILS’ 

E. J. SCHANTZ, K. K, BOUT WELL, C. A. ELVEHJEM and E. B. HABT 
Department of Biochemistry, College of Agriculture, University 
of Wisconsin, Madison 


It was recently reported from this laboratory (1) that butter fat has a 
higher nutritive value for growth in weanling rats than certain vegetable 
oils when homogenized into mineralized skimmed milk and supplemented 
with all the known essential fat soluble vitamins. The difference in the 
nutritive value was not found to be due to factors contained in the non- 
saponifiable fraction of butter fat (1). However, since the phospholipids 
are decomposed upon saponification it appeared possible that the difference 
in the nutritive value of butter fat and the vegetable oils fed might be due 
to some particular phospholipid contained in the butter fat which was not 
contained in the vegetable oils. The work described in this paper was 
carried out. to determine if a common available phospholipid, such as egg 
phosphatide, or the nitrogenous bases of phosphatides, had any effect on 
the nutritive value of the vegetable oils used in our experiments. 

EXPERIMENTAL 

Weanling rats weighing between 30 and 35 grams were used. Six rats, 
3 males and 3 females, were placed on each fat in each particular experi¬ 
ment as described in a previous paper (1). The fats were homogenized 
into skimmed milk at a level of 4 per cent and fed ad libitum. Twenty 
rnierograms of carotene were added to each gram of fat, 100 micrograms 
of cc-tocopherol 2 were given to each rat every week and all animals were 
irradiated 10 minutes daily. The milks were mineralized with iron, copper, 
and manganese so that each 100 cc. contained 1.5 mg. of iron, 0.15 mg. of 
copper, and 0.15 mg. of manganese. 

The phosphorus content of the oils used in these experiments was found 
to be approximately 10 mg. per 100 grams of butter fat, 3 mg. per 100 
grams of corn oil, and 8 mg. per 100 grams of coconut oil. Prom the 
phosphorus analysis, if all the phosphorus was in the oils as phospholipids 
containing 4 per cent of phosphorus, the phospholipid content of butter 

Received for publication July 8, 1940. 
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should be 0.25 per cent, corn oil 0.075 per cent, and coconut oil 0.2 per cent. 
The phospholipid content of skimmed milk has been reported to be 0.015 
per cent and of butler 0.2 per cent (2). The skimmed milk used for making 
up milks should have supplied about the same amount of phospholipids as 
the fat, but with corn oil the amount of phospholipid consumed would be 
considerably lower than with butter fat or coconut oil. However, soy 
bean oil, which was inferior to butter fat for growth in young rats (1), 
was found to contain as much as 120 mg. phosphorus per 100 grams, or 3 
per cent phospholipids, on the basis of 4 per cent phosphorus in the phos¬ 
pholipids. On the basis of these results it was considered best to feed 
one of the common available phospholipids (egg lecithin) along with corn 
oil and coconut oil. 

These experiments were made with egg lecithin (Pfanstiehl Pure Ex- 
Ovo-soluble) added to corn oil and coconut oil at a level of 0.25 per cent. 
Comparisons were also made with butter fat and the vegetable oils without 
lecithin. Some response was obtained on the oils with egg lecithin added 
to the oils alone but the growth was not as good as the growth obtained 
on butter fat. The addition of lecithin seemed to improve the appearance 
of the hair coat of the animals considerably. 

Since some response was obtained with 0.25 per cent lecithin in the 
vegetable oils, a higher level was tried. In a second trial with the same 
experimental set up but with 0.5 per cent of egg lecithin added to the oils, 
no better response was obtained than was found in the first trial. A third 
experiment with the lecithin content of the oils at 0.5 per cent resulted in 
a poorer response with considerable variation. Figure 1 illustrates the 
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Pig. 1. The bars indicate average gains made during the first three weeks of the 
experiment—representing 18 rats, 9 males and 9 females, on each fat. 
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average weight gains made for these trials during the first three weeks on 
the experiment with the various oils. 

Another experiment was set up comparing butter fat, corn oil, corn oil 
plus sphingomyelin, 3 corn oil plus sphingosine, 3 corn oil plus ethanolamine, 
and corn oil plus choline. The phosphatides and bases were suspended 
or dissolved in water and fed in the milk each day. The following amounts 
were fed to each rat on the particular diet per day. Sphingomyelin 0.6 
mg., sphingosine sulfate 0.5 mg., ethanolamine 1 mg., and choline 1 mg. 
Limited sources of sphingomyelin and sphingosine sulfate prevented these 
substances being fed at higher levels. No particular dilferences were ob¬ 
served in weight and appearance between the animals on corn oil alone and 
corn oil plus the phosphatide bases except with the females on choline. 
However, this group of females did not do as well as the animals on butter 
fat. Figure 2 illustrates the average gain in weight during the first three 
weeks of the experiment. 
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Fig. 2. Bars represent average gains made during the first three weeks of the 
experiment with phosphatide bases added to corn oil. 


DISCUSSION 

It appears from the results obtained that egg lecithin improved the nu¬ 
tritive value of corn oil and coconut oil slightly but not enough to give 
growth equal to that obtained on butter fat. In certain cases individuals 
on the vegetable oils plus lecithin did as well as those on butter fat but 
in most instances the growth was inferior to animals on butter fat. Sphingo¬ 
myelin, sphingosine sulfate, and ethanolamine did not improve the nutri¬ 
tive value of corn oil while choline seemed to improve corn oil slightly. 
Since in a previous experiment (1) soy bean oil was found to be inferior 

a We are very grateful to Dr. P. A. Devene, Rockefeller Institute for Medical 
Research, for the sphingosine and sphingomyelin used in these experiments. 
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to butter fat irrespective of its high phospholipid content, it appears that 
something besides the phospholipid is responsible for the superior growth 
obtained on butter fat with weanling rats. 

CONCLUSIONS 

1. Addition of 0.25 per cent and 0.5 per cent of egg lecithin to corn oil 
or coconut oil improved the nutritive value of these oils slightly but not 
enough to make them equal to butter fat when they were homogenized into 
mineralized skimmed milk at a level of 4 per cent and fed to weanling rats. 

2. Sphingomyelin, sphingosine sulfate, and ethanolamine had no effect 
on the nutritive value of corn oil, but choline, in the case of the females, 
seemed to improve it slightly. 
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THE NUTRITIVE VALUE OF THE FATTY ACID FRACTIONS 
OF BUTTER FAT 1 

E. J. SCHANTZ, R. K. BOUT WELL, C. A. ELVEHJEM and E. B. HART 
Department of Biochemistry, University of Wisconsin, Madison, Wisconsin 

In a previous paper (1) it was reported that butter fat homogenized 
into mineralized skim milk gave better growth of weanling rats than cer¬ 
tain vegetable oils homogenized into skim milk and fed under the same con¬ 
ditions with ample carotene, irradiation, a-toeopherol and minerals added 
in all cases. The superiority of butter fat for growth was not found to be 
due to factors contained in the 11011 -saponifiable fraction of butter or to be 
due to compounds such as lecithin, choline, sphingomyelin or sphingosine 
(2). It was then thought advisable to separate the fatty acids of butter into 
various fractions and feed the glycerol esters of these fractions along with a 
vegetable oil in concentrations approximately equal to that found in butter 
fat. 

EXPERIMENTAL 

The fatty acid fractions of the butter fat were prepared,as follows: Five 
hundred grams of melted butter fat were poured into 1000 cc. of 20 per 
cent alcoholic potassium hydroxide solution and heated on the steam bath 
for about one-half hour. The alcohol was evaporated off in an open dish, 
the soaps dissolved in water and the separations made similar to a pro¬ 
cedure described by Ililditch and Jones (3). The solution was neutralized 
with sulfuric acid and steam distilled until about 5 liters of distillate were 
collected. The volatile acids were extracted from the distillate by 5 succes¬ 
sive extractions with ether. The non-volatile fraction was washed thor¬ 
oughly with hot water and dissolved in 2000 cc. of alcohol. The alcohol 
solution was heated almost to boiling and 200 gm. of lead acetate crystals 
added. The solution was allowed to cool and the insoluble lead soaps fil¬ 
tered off and r(‘crystallized from alcohol. After removing, by vacuum 
distillation, the alcohol from the soluble lead soaps, which constitutes most 
of the unsaturated fatty acids, the material was washed with hot water and 
the free fatty acids regenerated by adding dilute sulfuric acid until the 
solution was distinctly acid to congo red. The acids were separated from 
the water and precipitated lead sulfate, washed with hot water and taken 
up in ether to remove the last traces of lead sulfate. The insoluble lead 
soaps which constitute most of the saturated acids but gtill contaminated 

Received for publication July 8, 1040. 
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with some of the unsaturated acids were treated in exactly the same manner 
as the unsaturated acids and finally taken up in ether to remove the last 
traces of lead sulfate. The ether was removed from the various fractions 
under vacuum. Five hundred gm. of butter fat yielded 36.5 gm. of vola¬ 
tile acids, 180 gm. of the unsaturated acid fraction and 200 gm. of the 
saturated fraction. 

The triglycerides were synthesized as follows (4). The fatty acids from 
each fraction were placed in a suitable round bottom distilling flask and 
the theoretical amount of glycerol added as calculated from the fatty acid 
composition of each fraction (3). The flask containing the fatty acids and 
glycerol was placed in an oil bath and heated to 200° C. for six hours with 
a fine stream of carbon dioxide passing through the mixture. The glycer¬ 
ides of each fraction were then mixed with corn oil (Mazola) in the follow- 
ing proportions : 

Triglycerides of volatile acids 7 parts, corn oil 93 parts 

44 “ unsaturated 44 40 44 “ 44 60 " 

41 41 saturated 44 55 44 44 44 45 44 

These are approximately the proportions of the different fractions isolated 
from the butter. 

Weanling rats about 20 days old and weighing 30 to 35 gm. were used. 
Six rats, 3 males and 3 females, were placed on each fraction to be tested 
and kept in individual cages. Five groups were set up and fed as follows, 


ad libitum: 
Group 

I. 

Butter fat milk 

a 

II. 

Corn oil milk 

44 

III. 

Corn oil plus volatile fraction milk 

44 

IV. 

4 4 4 4 4 4 unsaturated 4 4 4 4 

44 

V. 

4 4 4 4 4 4 saturated 


The fats were homogenized into fresh skim milk with a small hand hornoge- 
nizer and ail milks were made up to contain 4 per cent fat. Twenty micro¬ 
grams of carotene were added to each gram of fat and 100 micrograms of 
a-tocopherol acetate 2 were given to each rat every week. All rats were 
irradiated 10 minutes each day. All milks were mineralized with iron, 
copper and manganese so that each 100 cc, of milk contained 1.5 mg. of 
iron, 0.15 mg. copper and 0.15 mg. of manganese. 

The results obtained are illustrated in figures 1 and 2 (Experiment 17) 
and figures 3 and 4 (Experiment 19). The animals on corn oil plus the 
saturated fraction of butter fat (Group V) grew faster than the animals 
on butter fat and considerably faster than the animals on com oil, or on 
the volatile or unsaturated fractions. The data in figures 1 and 2 do not 

2 We are indebted to Hoffmann LaRoche, Inc., Nutley, New Jersey, for generous 
supplies of dl-a-tocopherol acetate. 
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include the unsaturated fraction because shortly after mixing the tri¬ 
glycerides with corn oil the mixture began to thicken and develop an odor 
somewhat like paint. The animals on this fraction failed to grow. In the 
second trial, Experiment 19, figures 3 and 4, the fractions from butter were 



senting 6 rats, 3 males and 3 females, on each fat. 



Fig. 2. Experiment 17. Bars representing gain made during the first three weeks 
on experiment representing 6 rats, 3 males and 3 females, on each fat. 


mixed with corn oil just before being homogenized into the milk. The 
males on butter fat in Experiment 17, figure 2, made an average gain of 
76 gm., on corn oil 65 gm., on the volatile fraction 57 gm., and on the sat¬ 
urated fraction 80 gm. in three weeks. The females on butter fat in this 
experiment made an average gain of 63 gm., on corn oil 52 gm., on the vola- 
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tile fraction 56 gm., and on the saturated fraction 68 gm. in 3 weeks. The 
males on butter fat in Experiment 19, figure 4, made an average gain of 70 
gm., on corn oil 63 gm., on the volatile fraction 48 gm., on the unsaturated 
fraction 63 gm,, and on the saturated fraction 82 gm. gain in 3 weeks. The 



Fig. 3. Experiment 10. Curves showing meragc weights for each week for rats 


on milks made up with butter fat, corn oil, and fatty acid fractions of butter fat repre¬ 


senting 6 rats, 3 males and 3 females, on each fat. 
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Fig. 4. Experiment 19. Bars representing gain made during the first three weeks 
on experiment representing 6 rats, 3 males and 3 females, on each fat. 


females on butter fat gained an average of 66 gm., on com oil 47 gm., on 
the volatile fraction 51 gm., on the unsatured fraction 55 gm., and on the 
saturated fraction 73 gm. in 3 weeks. The general appearance and condi¬ 
tion of the fur coat of the animals on the saturated fraction was better 
during the first two or three weeks on the experiment than the other groups. 
















FATTi r ACID FRACTIONS OF BUTTER FAT 


1209 


However, after this time there was very little difference between the groups 
in appearance. 

Food consumption records indicate that the animals on the saturated 
fraction did not make more efficient gains than animals on butter. That 
is, growth paralleled consumption very closely. However, we have found 
that the faster-growing animals usually made slightly more efficient gains 
than animals growing at a slower rate and these differences appeared be¬ 
tween groups of rats on butter fat and vegetable oils during the first two 
or three weeks of the experiment. 

DISCUSSION 

The results obtained indicate that the superiority of butter fat fed in 
the milks is due to fatty acids contained in the saturated fraction of butter 
fat. It also appears that the superiority is due to long chain saturated 
fatty acids. The saturated fraction was found to have an iodine number 
of 9.2, showing that some unsaturated fatty acids still remained. How¬ 
ever, if the superiority of growth w 7 as due to unsaturated fatty acids then 
it appears that, corn oil or the unsaturated fraction of butter fat should 
have supplied the necessary fatty acids. Hilditch and Jones (3) found the 
saturated fatty acid fraction of butter fats to have an iodine number of 10 
and believed that the unsaturated fatty acids in the saturated fraction were 
only those carried over in the separation. However, no final proof can be 
given that an unsaturated fatty acid, being insoluble as the lead soap, is 
not responsible for the superiority until the saturated fraction is completely 
hydrogenated and fed. 

No final explanation can be offered for the observation that better 
growth was obtained with the saturated butter fraction and corn oil as com¬ 
pared with butter alone. It is probable that the fatty acids which are 
responsible for the superiority of butter over vegetable oils are present in 
larger amounts in butter fat, and in the mixture of corn oil and the sat¬ 
urated fraction from butter fat an increased amount of saturated fatty 
acids of high molecular weight made possible the accelerated growth. 

CONCLUSIONS 

1. The fatty acids responsible for the superior growth of young rats 
obtained on butter fat as compared with certain vegetable oils homogenized 
into skim milk with all of the known essential fat soluble vitamins added, 
apparently lie in the saturated fraction of butter fat. 

2. When the fatty acids of butter fat were separated*into the volatile 
acids by steam distillation and into the unsaturated and saturated acids as 
lead soaps and the triglycerides of these fractions fed in corn oil in ap¬ 
proximately the composition found in butter the saturated fraction with 
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corn oil was found to be a little superior to butter fat while the other two 
fractions compared favorably with corn oil. 
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THE LENGTH OP THE INTESTINE OP CALVES AND ITS 
BEARING ON THE ABSORPTION OP THE 
NUTRIENTS PROM THE CHYME 1 

DWIGHT ESPE and C. Y. CANNON 
Iowa State College, Ames, Iowa 

In his recent book (1) Alvarez states, “Meat-eating animals have a 
simple stomach and colon and a short bowel, whereas grass-eating animals 
usually have a complicated stomach and colon, a large cecal pouch, and a 
long, small bowel. In carnivorous animals the small bowel is said to be 
only from four to eight times the body length, while in herbivorous animals 
it is from twenty-five to seventy-five times the body length. ” According 
to Swett and Graves (15) the length of the small intestine of mature beef 
cows (eight animals) varies from 93 to 140 feet and that of dairy cows 
(two animals) from 144 to 172 feet. From these data one finds that the 
post-mortem length of the small intestine of beef and dairy cattle is 28 and 
33 times, respectively, the length from withers to pin bones, or within the 
lower limit suggested by Alvarez. The length of the large intestine of the 
same animals varies from 23 to 41 feet for beef animals and from 43 to 46 
feet for dairy animals. 

Black, Semple and Lush (2) found that the average length of the small 
intestine of 20 seven-months old range steers was 98 feet. One hundred 
and twenty days later the average length of the small intestine from a 
similarly bred group (32 animals) had increased to 110 feet. The average 
length of the large intestine for both groups was 21 feet. Such figures, of 
course, are only approximate in that the changing tone of the musculature 
of the intestine makes an exact figure impossible. 

Data concerning the length of the intestine of a live calf has only been 
reported on one animal (6). In this instance the length of the small in¬ 
testine of a six months old calf was found to be 21 feet two inches in the 
living animal and 68 feet nine inches on removal from the body. Since 
that time the following data shown in table 1 have been accumulated: 

From these data it is apparent that the length of the small intestine of 
the living calf is about seven times its body length, a figure somewhat out 
of line with that suggested by Alvarez. 

What influence this greater length of the small bowel has on digestion 
can be better understood by studying the movement of chmye in the gas¬ 
trointestinal tracts of carnivora and lierbivora. Heile (10) states that in 
dogs on a mixed meal, material began to appear at the lower end of the 
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TABLE 3 

Length of small and large intestine of calves in vivo and post mortem 


Cn If 
number 

Age 

in 

j Length of small intestine 

Length of large intestine 

In vivo 

Post mortem 

In vivo 

Post mortem 


mo. 

- 

w 

£ 

i 

Ft. In. 

Ft. In. 

Ft. In. 

47A4 

5 1 

23 3 

77 3 



47B 

9 

20 1 

53 4 

7 6* 

12 30* 

1698 

12 

17 2 

68 10 

7 1 i 

34 8 

1704 

30 

25 5 

81 1 

7 2 

1 36 10 

Previously re¬ 
ported (0) 

Average 

6 

23 3 

21 5 

68 9 

69 30 j 

1 

7 2 

i 

ir> » 


* Bata do not include cecum. Consequently figures lm\o not been used jil calcu¬ 
lating average. 


small bowel one hour after feeding and by the fifth hour the small bowel 
was empty. With a diet rich in carbohydrates and fats, the time requirt'd 
for digestion and elimination from the stomach and small intestine was 
only three to four hours. Assuming the usual time for digestion in the 
stomach of dogs, it is apparent that the absorption of the digestible portion 
of the meal and the elimination of the residue into the large gut occurs 
within an hour after the food enters the small intestine. In other words, 
if the average length of the small bowel is about four feet (1, 3) the chyme 
must be moving through this part of the intestinal tract at an average rate 
of at least four feet per hour. 

Comparable data for ruminants are not available Dickey (4) found 
that the first part of a meal of milk passed through the entire gastrointes¬ 
tinal tract of young calves in 30 hours while Fish (8) reported that the first 
of a dye marked feed offered to mature cattle passed through the gastro¬ 
intestinal tract in 16 to 17 hours. The time required for the passage of all 
the food residues from one meal through the digestive tract of herbivora 
may require several days (5). Ewing and Smith (7) claim that during 
most of this time the food is in the rumen. It is entirely probable that the 
first residues to reaeh the arms from any one meal are from food which has 
not been detained long in any part of the stomach. The average time for 
the major portion of the food to pass through the gastrointestinal tract of 
mature herbivora probably is about 72 to 84 hours, depending on the amount 
and type of feed, its physical condition, and certain physiological reac¬ 
tions in the animals (7). What then is the rate at which the food residues 
pass through the various segments of the intestine? 

Available information would indicate that food nutrients other than the 
fiber fraction are equally well absorbed by ruminants and non-ruminants 
despite a difference in the length of their respective intestinal tracts. Due 
to the physical effect of the fiber the progress of food through the small 
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intestine of herbivora is probably faster than for carnivora. In fact, this 
would seem logical from two unrelated bits of evidence. First, Krzywanek 
(12) and others (9, 11, 16) found that the rate of travel of the ingesta is 
speeded up by giving food at frequent intervals. The act of filling the 
stomach also increases the motility of the colon, frequently to the point of 
causing immediate defecation. With ruminants it is a well known fact that 
food from the first two compartments of the stomach is emptied into the 
abomasum at frequent intervals. This frequent stimulus may aid in the 
more rapid progress of the chyme through the bowel of the ruminant as 
compared to that of the non-ruminant. 

A factor of even more importance in increasing the rate of passage of 
food through the bowel is the fiber content. Foods rich in cellulose tend 
to pass through the small bowel faster than low fiber feeds (13, 14). This 
in itself may explain why a ruminant needs a longer small intestine, rela¬ 
tively, than a dog in order to utilize its feed efficiently. 

It has been the experience of the investigators that high fiber material, 
as used in most * ‘milk substitutes/’ tends to cause young calves to scour. 
IJnground or coarsely cut roughage does not have this effect, probably 
because it is held in the rumen until partially “digested.” This predis¬ 
position to scour on ground high fiber feeds vanishes as soon as the first- 
three compartments of the stomach have reached sufficient size to hold back 
one or two days’ food supply until acted upon by bacteria and the rumen 
fluid. Apparently, the intestine of the young calf is quite sensitive to large 
amounts of fiber. Although the small intestine of the ruminant is two to 
three times as long, relatively, as that of the non-ruminant, this additional 
length is not sufficient to provide for the efficient use of high fiber feeds 
unless thoroughly comminuted in the rumen and passed into the abomasum 
in small amounts. Grinding of the feed cannot replace this action of the 
rumen. 

The large intestine of the ruminant is relatively short. In that its 
length is comparable to that of the large bowel in carnivora, there is no 
reason for believing that it plays an active part in the utilization of a high 
fiber feed. 

SUMMARY 

The small intestine of the living calf is about seven times the body 
length, or about one-third the post-mortem length. Variations in the ratio 
between body length and length of intestine depend more on individuality 
than upon the age of the calf. Although the progress of the chyme through 
this region is comparatively rapid, the increased length in ruminants allows 
for proper absorption of the nutrients if thoroughly comminuted in the 
rumen. 

The large intestine does not show as great a difference in length between 
the living and post-mortem stages as does the small intestine. 
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EFFECT OF SALT ON THE KEEPING QUALITY OF CREAM 1 

W. J. CAULFIELD, F. E. NELSON and W. II. MARTIN 
Kansas Agricultural Experiment Station 

INTRODUCTION 

The problem of preventing deterioration in cream from the time it is 
produced until it is finally made into butter is of vital concern to the 
creamery industry. In many cases the limited volume of cream produced 
per farm may not justify the expense involved in providing adequate facili¬ 
ties for cooling and storage; and daily or even frequent deliveries of the 
cream cannot be expected. Before delivery to the cream station or cream¬ 
ery, much of the cream used in the manufacture of butter has been held for 
several days at temperatures favorable for rapid growth of the microorgan¬ 
isms which cause deterioration. 

The greatest need in improving the quality of cream and butter pro¬ 
duced throughout much of the Middlewest is in finding some inexpensive, 
simple procedure which could be used by the producer to prevent or retard 
cream deterioration. Williams (1) of the United States Department of 
Agriculture patented a method of preserving cream by the addition of 
salt. This patent (U. S. patent No. 2,192,864 granted in January, 1939) 
has been dedicated to the free use of the people of the United States. The 
use of this method, however, has not been legalized by the United States 
Food and Drug Administration, which contends that cream to which salt 
has been added is an adulterated food product. 

This investigation was undertaken to determine the merits and the limi¬ 
tations of improving the keeping quality of cream by the addition of salt. 
The principal objectives of this study were: 

1. To determine the effectiveness of various concentrations of salt in 
retarding or preventing deterioration of sweet cream stored at various 
temperatures. 

2. To determine the effectiveness of salt in stopping deterioration in 
cream stored at 70° F. for various intervals before the salt was added. 

3. To determine the effect of salt in cream on the quality of the result¬ 
ing butter. 

4 . To determine the effect of salt in cream on the accuracy of the Bab¬ 
cock test. * 

Received for publication July 15, 1940. 

i Contribution No. 135 from tbo Department of Dairy Husbandry and No. 198 from 
the Department of Bacteriology. 
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REVIEW OF LITERATURE 

Williams (1) claimed that cream to which about seven per cent salt had 
been added could be held for one week at room temperatures without appre¬ 
ciable deterioration, and such cream could be used in the manufacture of 
sweet cream butter; or if reseparated into a plastic cream, it could be used 
as a substitute for sweet market cream. 

Thompson and Macy (2) indicated that the addition of 7.5 to 10 per 
cent salt to cream stored for 10 days at temperatures of 70° F. or lower, 
effectively retarded bacterial growth and acid development, and prevented 
the cream from developing off-flavors except for a slight staleness. Control 
lots of the same cream held without salt were criticized for such defects as 
“cheesy,” “yeasty” or “alcoholic.” 

Castell and Garrard (3) reported that sweet fresh cream containing 7 
per cent salt could be held in a satisfactory condition for eight days at 77° 
F. They observed that oxidizing bacteria, believed to be responsible for 
cheesy and rancid flavors, were almost completely inhibited in the salted 
cream. They also found that butter produced from salted cream stored for 
eight days at 60 to 77° F. was superior to butter made from unsalted cream 
stored at 50° F. for eight days. 

The data which have been published appear entirely favorable to the 
use of salt for improving the keeping quality of cream. Further studies 
using more samples of cream and a wide range of storage temperatures 
seemed desirable since lower storage temperatures than those which gen¬ 
erally prevail throughout the Middlewest were used in previous studies. 

METHODS 

Four series of experiments were conducted to determine the possible 
relationships between salt concentration, time and temperature of storage, 
and keeping quality of cream. In each series, which consisted of 20 samples, 
salt was added to 30 per cent cream in amounts equivalent, to 0, 7, 10, 13 
and 16 per cent of the w T eight of the fat-free serum and samples of the cream 
were held at 60, 70, 82 and 90° F., respectively, for 10-day periods. Changes 
in grade, acidity, and formol titration were followed, observations being 
made at 1, 2, 3, 4, 5, 6, 8, and 10 day periods. Changes in the bacterial 
flora of the 40 samples of cream in trials ITI and IV were followed by direct 
microscopic observations at the same intervals. 

Samples for grading were labeled to conceal their identity, thereby 
eliminating much of the inevitable personal factor when organoleptic 
methods are employed. After each sample had been graded independently 
by two persons, the indicated grade was determined by mutual agreement. 
The grade designations used were: sweet, first, second, and third grades. 
The definitions for cream grades as given in the Kansas dairy law were 
used as a basis for grading (4). In the grading of salted cream samples, 
saltiness was not considered as an undesirable flavor defect. 
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Four trials consisting of 24 samples were conducted to determine the 
effectiveness of salt in preventing deterioration in cream held at 70° F. 
for various intervals before the salt was added. In each trial, a lot of 
fresh 30 per cent cream was divided into six one-pint samples. One sample 
was held without salt throughout the storage period, salt in 13 per cent 
concentration (serum basis) was added to a second sample immediately, 
while the remaining samples were held for 3, 4, 5, and 6 days respectively 
before salt in the same concentration was added. Changes in grade, acidity, 
and formol titrations were observed throughout the remainder of a seven- 
day storage period. 

Three preliminary trials were conducted to determine the effect of salt 
in cream on the quality of the resulting butter. In each of these trials, 
salted cream (13 per cent salt serum basis) and control lots of the same 
cream without salt were held in sterile glass containers for 10 days at 70° F. 
The samples of cream were then neutralized if necessary, pasteurized at 
150° F. for 30 minutes and churned, unsalted butter being made. The 
resulting butter was scored fresh and again after 60 days’ storage at. 
0 to -10° F. 

When cream to which salt had been added was tested for butt erf at by 
the usual Babcock test procedure, two principal difficulties were encoun¬ 
tered : (1) The reaction between the sulphuric acid and salted cream fre¬ 
quently caused part of the sample to boil out over the top of the test bottle, 
and (2) a grayish brown deposit of foreign material, which interfered with 
the reading of the tests, frequently occurred at the base of the fat column. 

To overcome these difficulties the conventional Babcock test procedure 
was modified in the following respects: (1) An equal volume of cold water 
was added to the cream sample in the test, bottle before the acid was added, 
and (2) the acid (17.5 ml.) was added in three equal portions with a delay 
of 10 minutes between the first and second additions of the acid and with a 
delay of five minutes between the second and third additions of the acid. 

Using this modified Babcock test procedure 50 individual tests were 
performed oil samples of salted cream by each of two operators, and the 
results compared with the calculated test of the samples. The calculated 
value was arrived at by running not less than 12 replicate tests on the 
unsalted cream and then calculating the theoretical test of the sample 
after salt was added. 

Quantitative and qualitative changes in the microflora of cream were 
followed by direct microscopic observations (6). The method ordinarily 
employed for milk was used except that dilutions of one part of cream in 
nine of water were prepared from those samples in which the count had 
become so high as to make enumeration of microorganisms difficult. Obser¬ 
vations were made only on samples of cream in series III and IV. 
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and 90° F. were unlawful with but one exception, whereas only two of the 
four samples held at 60° F. were unlawful, the two remaining samples being 
poor first grade cream. 

The addition of seven per cent salt (serum basis) to the cream held 
at 60° F. kept each of the four samples of cream sweet without exception 
for five days and from going below first grade during a 10 day storage 
period. When the storage temperature was increased to 70° F., all four 
samples containing seven per cent salt were first grade after five days • 
and with but one exception after a 10-day storage period. This concen¬ 
tration of salt, however, did not prevent some of the cream from becoming 
second grade during a five day storage period at 82 or 90° F. One of the 
four samples stored at 82° F. and three of the four samples stored at 90° F. 
were second grade after a five day storage period. After 10 days’ storage 
at these temperatures all of the samples with but one exception were second 
grade or lower. 

Salt in 10 per cent concentration kept all of the cream sweet at 60 and 
70° F. for a five-day period and for 10 days at 60° F. This concentration 
of salt prevented any of the samples from becoming second grade when held 
for five days at 82 and 90° F., or for 10 days at 70° F. When stored at 
82 and 90° F. for 10 days only, one of the eight samples containing 10 i>er 
cent salt was first grade, the remaining samples being second grade. 

Cream containing 13 per cent salt remained sweet for 10 days at 60 
and 70° F. with the exception of one sample which was still first grade 
cream and for five days at 82 and 90° F. with the exception of one sample 
each, neither of which had dropped below first grade. After 10 days’ 
storage at 82° F. two of the four samples were graded as first grade cream 
and the remaining two samples as poor first grade cream. After 10 days’ 
storage at 90° F. only one of the four samples was above second grade. 

All samples of cream containing 16 per cent salt (serum basis) remained 
sweet during five days’ storage at each temperature used and during 10 
days’ storage at 60 and 70° F. This salt concentration was effective in 
keeping all samples stored at 82 and 90° F. from becoming second grade 
with the exception of one sample during the 10-day storage period. 

Acidity . The results of the acidity test tend to corroborate the organo¬ 
leptic grading. The rate and extent of acid development which occurred 
during the 10-day storage period was found to be dependent upon the salt 
concentration, the initial quality of the cream, and the time and tempera¬ 
ture of storage (figure 1). 

The rate of acid development was rapid during the fiyst few days of 
storage in all of the control lots of cream to which no salt had been added, 
and was greatly accelerated at the higher storage temperatures. 

Salt in 7 per cent concentration prevented any marked increase in 
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acidity at 60° F. throughout the 10-day storage period and greatly retarded 
acid development in samples stored at higher temperatures. 

When 10 per cent salt was used no appreciable increase in acidity was 
observed after five days/ storage at 60 to 70° F. and after 10 days the 
average acidity did not exceed 0.20 per cent at these temperatures. At 
82 and 90° F., however, 10 per cent salt did not prevent the cream from 
becoming sour after 10 days. 

Thirteen per cent salt prevented all of the samples stored at 60 or 70° F. 
trora exceeding 0.15 per cent acid during a 10-day period and was effective 
for five days at 82 and 90° F. in preventing the acidity from increasing 
above 0.17 per cent. After 10 days the average acidity was 0.23 per cent 
for the samples stored at 82° F. and 0.36 per cent for the samples stored 
at 90° F. 

When 16 per cent salt was used no appreciable increase in acidity oc¬ 
curred in the samples stored at 60 or 70° F. for 10 days. Although there 
was some increase in acidity at 82 and 90° F., the maximum acidity observed 
was 0.24 per cent, indicating the effectiveness of this salt concentration in 
retarding acid development at all of the storage temperatures. 

* Formol titration. The effectiveness of salt in preventing proteolytic 
decomposition of the cream as measured by the formol titrations (figure 2) 
reflect the same general trends that were shown by changes in acidity (fig¬ 
ure 1). The data show that proteolytic decomposition was more rapid in 
the control samples and that the rate and amount of decomposition was 
accelerated by an increase in the storage temperatures. 

Addition of seven per cent salt did not prevent an appreciable increase 
in the formol titration values during a 10-day holding period at any of 
the temperatures used. Ten per cent or more of salt was effective at 60 
and 7o° F. in preventing any marked increase in the formol titration values 
during 10 days, but was considerably less effective at 82 and 90° F. Thir¬ 
teen per cent salt prevented any marked change in the formol titration 
during five days at all temperatures used, but did not prevent a consider¬ 
able increase after 10 days at 82 and 90° F. When 16 per cent salt was 
used no increase in the formol titration value of the cream was observed 
during five days at all temperatures or after 10 days at 60 and 70° F. 
However, the formol titration values increased from 1.86 to 2.33 at 82° F. 
and from 1.86 to 2.36 at 90° F. during the storage period. Data indicate 
that none of the concentrations of salt used were entirely effective in pre¬ 
venting increases in the formol titration values at the higher storage 
temperatures. 

Bacteriological . The changes in the numbers of bacteria in the various 
lots of cream in series III and IV are shown in figures 3 and 4. In all 
cases the counts of the control samples reached levels of a billion or more, 
the time required to reach this level being longer at the lower temperatures. 
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At 82 and 90° F. the flora changed from cocci to rods as the holding period 
increased toward the time when the cream became second or third grade. 
In some instances appreciable numbers of yeast were found as would be 
expected from the development of yeasty flavors in some samples. 

The addition of salt markedly retarded the development of bacteria, 
the greater the amount of salt the greater being the inhibitory action. In 
the presence of the salt the numbers of bacteria were never found to reach 
the large numbers which were characteristic of the maxima of the control 



scopic count of cream samples of Lot III. ( 1 indicates change of grade.) 

samples. In the samples containing salt the flora was largely micrococci, 
especially in those containing the larger amounts of salt. A few short-cliain 
streptococci, possibly enterococci, were found in the samples containing 7 
and 10 per cent salt. Not only does the added salt inhibit the growth of 
bacteria; it also influences the types of organisms which develop. Both 
of these factors undoubtedly are responsible for the markedly improved 
keeping quality of cream to which salt in appropriate quantity has been 
added. 

Effectiveness of salt in stopping deterioration of cream . The addition 
of 13 per cent salt on the serum basis to cream held at 70° F. for three or 
more days before the salt was added did not prevent further deterioration 
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of the cream as measured by organoleptic grading of the samples (table 2). 
The samples to which the salt was added after three or more days of storage 
generally graded as low or lower than the corresponding control lots of 
cream to which no salt had been added On the other hand, the cream 




Fig. 4. Effect of salt concentration and temperatuu ot storage on the direct micro 
scopic count of cicam samples of Lot IV. ( l indicates change ot giade.) 


TABLE 2 

Change %n grade of cream as affaiid by adding salt at unyinq militate of time durmq 

storage at 70 ° F. 


Time when salt 
was added 

Check (no salt) 
Immediately 
After 3 days 
After 4 days 
After 5 days 
After 6 days ' 


Per cent salt 

Giade of < icam after 7 days storage 

added 

- 

— 

— 

- 

(serum basis) 

Lot I 

Lotir 

Ijot III 

Lot IV 

0.0 

2 

i-~ 

2 

2 — 

13 0 

sw 

sw 

8W 

sw 

13.0 

1- 

1- 

2 

3 

13.0 

! 

2 

2 

2 - 

13 0 

2 j 

2 

2 - 

3 

13.0 

2 - 

l- ! 

2 

3 


to which the salt was added immediately after separation remained sweet 
in each of the trials. The data indicate that the salt must be added to the 
cream soon after separation to be effective in preventing deterioration. 
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Effect of salt preservation of cream on quality of butter. Butter churned 
from cream to which 13 per cent salt on a serum basis had been added before 
holding for 10 days at 70° F. scored from two to five points higher than 
did the butter produced from control lots of the same cream held without 
salt (table 3). The butter churned from the salted creams scored 92, 92, 


TABLE 3 

Effect of salt in cream on the score of the result in p halter 
(Cream stored at 70° F. for 10 days ) 


Lot 

number 



Average 


Butter score—freshly churned 

Butter score—after storage* 

Salted 
cream t 

T’usalted 

cream 

Difference 

Salted 
cream t 

Un salted 
cream 

Difference 

92.0 

87 

5.0 

92.0 

87 

5.0 

92.0 

90 

2.0 

92.0 

90 

2.0 

! 92.5 1 

90 

2.5 

1 92.5 

! 90 

2.5 

| 92.2 

89 

3.2 

92.2 
i * 

1 89 

: 3.2 


* Butter stored for 60 days at 0 U h\ to -10 J F. 
t Thirteen per cent salt added, serum basis. 


and 92.5, respectively, whereas the control samples scored 87, 90, and 90, 
respectively. There was no change in score of any of the samples after a 
60-dav storage period of 0 to -10° F., indicating that there was no appre¬ 
ciable tendency for chemical change in the butter produced from the salted 
cream. The samples of butter were analyzed for salt and in no instance 
was the salt content in excess of 2.5 per cent. 

Although the data presented represent only three lots of cream, they 
do indicate that considerable improvement in the quality of butter churned 
from cream held without adequate cooling for considerable periods of 
time can be obtained by the addition of a suitable quantity of salt to the 
cream. 

Effect of salt in cream on the accuracy of the Babcock test. The results 
of the modified Babcock test on salted cream are shown in table 4. Nearly 
half of the tests (45 per ceut) checked within 0.2 per cent of the calculated 
test, and approximately 80 per cent of the tests checked within 0.5 per 
cent of the calculated test. In only two of the 100 tests did the results 
vary as much as 2.0 per cent or more from the calculated test. T^he varia¬ 
tions between 50 individual tests of salted cream by each of two operators 
and the calculated fat percentages were no greater for one operator than 
for the other. Seventy-six per cent of the tests by operator No. 1 and 
82 per cent of the tests by operator No. 2 were within 0.5 point of the cal¬ 
culated test. 

The data indicate that salted cream samples may be tested with about 
the same degree of accuracy as is now attained with the conventional 
Babcock test procedure for unsalted cream. The modified test proposed 
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TABLE 4 

Variations between the actual and calculated fat percentages of salted cream 


Vciriation from 
the calculated 
test in points 

Operator 

Operator 

2 

Total 

No. of 
tests 

Per cent 
of 

tests 

Cumulative 
per cent 
of tests 

No. of tests 

No. of tests 

0.0 

2 

8 

10 

10 

10 

0.1 

17 

10 

27 

27 

37 

0.2 

6 

2 

8 

8 

45 

0.3 

4 

14 

18 

18 

63 

0.4 

7 

1 

8 

8 

71 

0.5 

2 

6 

8 

8 i 

79 

0.6 

2 

4 

6 

6 

85 

0.7 

8 

0 

8 

8 

93 

0.8 

1 

4 

5 

5 ! 

98 

0.9 

0 

0 

0 

0 I 

98 

1.0 

0 

1 

1 

1 1 

99 

1.1 

1 

0 

1 

‘l 

100 

Total 

50 

50 

100 

100 i 



Note: A modified Babcock test procedure was used in testing the salted cream 
samples. 


for salted cream does have the disadvantage of being more time-consuming 
than the conventional Babcock test for unsalted cream. 

CONCLUSIONS 

1. The results obtained in this study indicate that deterioration in cream 
held in glass containers as measured by organoleptic grading, acid devel¬ 
opment, forrnol titration, and direct microscopic examination may be defi¬ 
nitely retarded by the addition of salt immediately after separation. 

2. The amount of salt necessary to effectively prevent deterioration in 
cream was found to be dependent upon the time and temperature of stor¬ 
age. The results indicate that not less than 10 per cent salt (serum basis) 
would be required to prevent cream from becoming second grade when held 
for 10 days at 60 or 70° F. or for five days at 82 and 90° F. Since most 
cream is delivered within five days after it is produced, the addition of 
not less than 10 per cent salt (serum basis) should be adequate to enable 
the producer to market either sweet or first grade cream. 

3. The addition of 13 per cent salt (serum basis) to cream held at 70° F. 
for three # or more days before the salt was added did not prevent further 
deterioration of the cream. Thus the method is limited largely to farm use. 

The above results were obtained by holding the cream in glass con¬ 
tainers. In their interpretation consideration should, therefore, be given 
to the possible effects of prolonged exposure in the metallic cream container, 
to salted cream and to the corrosive action of the brine on the can, which 
may shorten the life of the can and in addition may cause metallic action 
damaging to the flavor and keeping quality of the cream and of the result¬ 
ing butter. 
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4. Butter churned from cream to which 13 per cent salt (serum basis) 
was added at the beginning of a 10-day storage period at 70° F. scored 
two to five points higher than did butter produced from control lots of the 
same cream held under similar conditions without salt. In no case did 
the salt content of the butter churned from cream to which 13 per cent 
salt had been added exceed 2.5 per cent. 

5. When a modified Babcock test procedure was used, results which 
agreed favorably with the calculated butt erf at percentages were obtained. 

6. Data obtained in this study as well as studies by other investigators 
indicate that the preservation of cream by the addition of salt has definite 
merit. Since salt is used in the preservation of many other foods and is a 
normal constituent of butter as usually marketed, the condemning of cream 
which contains added salt does not seem to be justified. 
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THE SPECIFICITY OF THE LACTOGENIC HORMONE IN THE 
INITIATION OF LACTATION 1 

A. J. BERGMAN and C. W. TURNER 
Department of Dairy Jlusbandry, University of Missouri, Columbia, Missouri * 

In the recent literature Folley and Young (1, 2) have raised two ques¬ 
tions in regard to the relation of the physiological activity of the “lacto-' 
genic ’’ factor (as assayed with pigeons) and other hormones of the anterior 
pituitary in stimulating the lactation process. The first question was 
whether the factor stimulating the crop gland of the pigeon was identical 
with the factor which stimulates lactation in mammals and the second ques¬ 
tion was whether there were not several factors in the anterior pituitary 
which possessed lactogenic properties. It was suggested that the glyco- 
tropic factor has this property. They concluded that “those extracts which 
stimulate the secretion of normal milk in the mammal should he described as 
containing a lactogenic substance or substances.” 

The writers (3) recently presented data indicating that lactogenic prepa¬ 
rations as assayed with pigeons and with rabbits gave comparable potency, 
and evidence was presented which indicated that lactogenesis and pigeon 
crop gland proliferation were due to the same factor. A similar conclusion 
was reached by Lyons (4) in comparison of pigeon crop gland proliferation 
and lactation stimulation in estrus guinea pigs. 

The second question raised represents a difference of opinion as to the 
definition of a “lactogenic” hormone. We believe that the term “lac¬ 
togenic” should be reserved for hormones which will initiate lactation in 
non-lactating mammary glands of animals when conditioned for Jactation 
(by previous pseudo-pregnancy, estrus, estrogen and progestin or the mam- 
mogens). In other words, the hormone should stimulate lactogenesis rather 
than augment established lactation. 

The object of the present paper is to present data indicating that if the 
term “lactogenic” hormone is restricted to anterior pituitary extracts which 
will initiate lactation in animals with glands conditioned to lactate, then 
there is only one lactogenic hormone and that fraction proliferates the 
pigeon crop gland. 

EXPERIMENTAL 

In a previous paper (5) a method of separating an initial anterior pitui¬ 
tary extract into two fractions, one rich in the lactogenic hormone and the 

Received for publication July 15, 1940. 

1 Oontribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station, Journal Series No. 684. 

2 This study has been aided in part by grant from the Committee on Research in 
Endocrinology of the National Research Council. 
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other containing the thyrotropic and other hormones was described. The 
extracts used were prepared from cattle pituitaries. 

The “lactogenic hormone” fraction was assayed by the MeShan-Turner 
(6) method and contained 5000 pigeon units per gram. Only traces of the 
other pituitary hormones were present (7). The “thyrotropic and other 
hormone” fraction was rich in the thyrotropic hormone and contained 4000 
Bergman-Tumer (8) guinea pig units per gram. It also contained 638 
Rergman-Turner (9) guinea pig units of carbohydrate metabolism hormone, 
2500 Bergman-Houch in-Turner (7) chick units of gonadotropic hormone, 
100 MeShan-Turner (6) pigeon units of lactogenic hormone and 16.7 
Houchin-Turner (10) guinea pig units of fat metabolism hormone per gram 
of extract. 

It seemed of inteiest to determine the ability of these two extracts to 
initiate lactation in pseudo-pregnant rabbits. If the thyrotropic fraction 
would also initiate lactation in such animals, yet was practically free of 
pigeon crop gland stimulating potency, it would furnish good evidence of 
the individuality of lactogcnesis in contrast to crop gland effect and the 
presence of at least two lactogenic hormones. 

The extracts were all injected at their iso-electric point. The dried 
powder was dissolved in a slightly alkaline solution with NaOH, then pre¬ 
cipitated by bringing the solutions to their iso-electric point with HC1. The 
concentration of the fluid was 1 per cent (1 ec. = 10 mg.). 

Lactogenesis with “Lactogenic Hormone” Fraction. The lactogenic 
hormone fraction was assayed for its ability to initiate lactation in the 
pseudo-pregnant rabbit according to the Gardnor-Turner (11) method. 
When injected at the rate of 1 mg. per 100 gms body weight the glands 
were mostly (f) to (-H-), the average rating being 1.67; when 1.5 mg. was 
used ( +-H ) to (-H--H) glands were obtained, the average rating being 3.17, 
which is considered the unit response (3). At this level approximately 52 
mg. containing 260 MeShan-Turner pigeon units in rabbits weighing an 
average of 3400 gms. was required. It thus appeared that about 1.5 mg. 
of the lactogenic hormone per 200 giu. body weight would initiate copious 
lactation in rabbits. 

Lactogenesis with the “Thyrotropic and Other Hormones” Fraction . 
With the potency of the “lactogenic hormone” established for lactogenesis 
in rabbits, the next step was to determine whether equivalent dosages of the 
thyrotropic fraction would initiate lactation in pseudo-pregnant rabbits. 
Five rabbits were injected at the rate of 2 mg. per 100 gms. body weight. 
One animal died the second day. The other 4 animals showed no signs of 
lactation, not even duct lactation, which occurs in a low percentage of 
pseudo-pregnant rabbits. From these results it is clear that lactation was 
not initiated by amounts of the thyrotropic extract which were sufficient, in 
the case of lactogenic fraction, to stimulate maximum distension of the 
glands with milk (table 1). 
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Eleven rabbits were then injected with the thyrotropic fraction at the 
rate of 5 mg. per 100 gms. body weight. Several of these animals died after 
a single injection. Six animals survived the test period and of these four 
showed no signs of lactation. Only a single animal showed some evidence 
of stimulation (++) beyond that occasionally seen in pseudo-pregnant ani¬ 
mals (table 1). 

The cause of death of a considerable number of the animals is believed 
to be due to the large amount of the thyrotropic hormone which the extract 
contained. The animals appeared especially susceptible when they were 
kept in a warm room or during warm days in the spring. It is rather sur¬ 
prising, however, that the action would be so rapid; a number of animals 
died following the first injection. 

The third group of rabbits was injected at the rate of 10 mg. per 100 
gms. body weight. Special precautions were taken to keep the animals out¬ 
side and at ft relatively low temperature. Of six animals injected at this 
level, only one showed any signs of lactation. An explanation for the 
rather good lactation observed in this one case cannot be advanced. It is 

TABLE 1 


Lactation response in normal pseudo-pregnant rabbits with the ‘ 4 thyrotropic and 
other hormones” fraction 


Rabbit 

No, 

Body 

weight 

Amt. in¬ 
jected 100 
gm. body 
weight. 

Total 

amount 

injected 

Bergman - 
Turner 
thyrotropic 
unit* (guinea 
]>iga) 

McShan- 

Turner 

lactogenic 

units 

Oardner-Turner 
rating of 
lactation 


gms. 

mg. 

mg. 

t 



1 

3050 

2 

62 

248 

6.2 

0 

2 

2800 

o 




Died 2nd day 

3 

4000 

2 

80 

320 

8.0 

0 

4 

3840 

o 

76 

304 

7.6 

, 0 

5 

2760 

o 

56 

004. 

5.6 

1 

0 

1 

3550 

5 

180 

720 

1 

18 

+ l)ied 6th day 

2 

3430 

5 

170 

680 

17 

1-4- 

3 

3020 

5 j 




Died 1st day 

4 

2790 

5 

140 

j 560 

14 

0 

5 

3650 

5 

185 

740 

J8.5 

1 0 to + 

6 

3680 

5 




Died 1st day 

7 

3430 

5 

: 



Died 1st dav 

8 

3830 

5 

190 

760 

19.0 

! 0 

9 

3740 

5 

185 

740 

18.5 

0 

10 

3970 

5 

200 

800 

20.0 

> 0 

11 

3210 

5 




Died 2nd day 

1 

3080 

10 

300 

1200 

30 

-H-f 

2 

3560 

10 

360 

1440 

36 

0 

3 

3470 

10 

350 

1400 

35 

0 to -f 

4 

3280 

10 

330 

1320 

33 

0 

5 

1 3810 

10 

j 380 

1520 

38 

0 

6 

3410 

10 

340 

1360 

34 

0 to + 

1 

2950 

20 

400 

1600 

40 

-H Died 4th day 
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possible that a few rabbits are responsive to much less lactogenic hormone 
than is usually required. 

Finally, a single rabbit was injected with 20 mg. per 100 gms. body 
weight. Although this animal died on the 4th day of injection, it showed 
signs of lactation. 

From this series of experiments, it seemed reasonable to draw the con¬ 
clusion that the “thyrotropic and other hormones” fraction of the anterior 
pituitary does not contain the factor for laetogenesis when injected in 
amounts five to ten times as great in weight as the requirement of the “lac¬ 
togenic” fraction to induce maximum lactation. In the maximum dosages, 
the units of the “lactogenic” hormone present as a contaminant was low 
and insufficienUto stimulate lactation. At the higher levels injected, many 
of the rabbits were unable to tolerate the thyrotropic hormone except dur¬ 
ing periods of cold weather when the excess heat produced could be 
dissipated. 

It might be said, however, that the laetogenesis of the thyrotropic frac¬ 
tion was being masked by the excess of the thyrotropic hormone. The 
excess metabolism induced would be unfavorable to the lactation process. 
One might say that if the thyrotropic hormone were removed, the other fac¬ 
tors would be able to show their influence As we did not have a prepara¬ 
tion free of the thyrotropic hormone, yet containing the other factors, it 
was decided to thyroideetomize the rabbits and thus free them of the meta¬ 
bolic upset which follows large injections of this fraction. 

Laetogenesis in Thyroidectomized Rabbits Five rabbits were thyroid- 
ectomized, three days before the end of pseudo-pregnancy. The injection 
of 5 mg. of the “thyrotropic and other hormones” extract per 100 gms. 

'TABLE 2 

Lactation response in thyroidectomxsed pseudo pregnant rabbits with the ”thyrotropic 
and other hormones” fraction 


Rabbit 

No. 

Body 

weight 

Amt. in¬ 
jected 100 
gm. body 
weight 

Total 

amount 

injected 

Bergman 
Turnerthvro 
tiopir units 
(Guinea juga) 

McShan 

Turnei 

lactogenic 

unitw 

Gardner 
Turner 
rating of 
lactation 


gms. 

mg. \ 

mg. | 

! 



1 

2825 

3 

1 140 

560 , 

1 14 

-H 

2 

3020 

5 

150 | 

600 

I 15 

0 

a 

3710 

5 1 

1 185 

740 1 

18.5 

0 

4 

4100 

5 1 

j 205 

820 

20.5 

0 to + 

5 

3360 

5 

170 

1 

080 

17 

44 

1 

1 2680 

10 

270 

1080 

| 27 

+ 

2 

| 2800* 

10 

280 , 

1120 

28 

++ 

3 

! 3600 

10 

360 1 

1440 i 

| 30 

++ 

4 

i 3170 

10 

320 

1280 1 

32 

44 

5 

! 3500 

10 

350 

1400 | 

! 35 

+ 

6 

3340 

10 

330 

1320 

33 

+ 

7 

3030 

10 

300 

1200 | 

| 33 

+ 
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body weight initiated (h i ) lactation in two animals but little or none in the 
other three (table 2). 

Seven other similar rabbits were injected at the rate of 10 mg. per 100 
gins. body weight. These animals all showed at least duct lactation (+) 
with three showing further progress (+t) in the filling of the gland with 
milk. As the units of the “lactogenic” hormone present as a contaminant 
in the extract were still far less than that required to induce a similar stage 
of lactation in normal animals, it would appear that other factors in the 
jutuitary were able to supplement and intensify the apparent activity of 
the lactogenic hormone present. 

A tentative theory to explain this phenomenon follows: On the assump¬ 
tion that a true lactogenic hormone is required to condition the epithelial 
cells of the mammary gland to synthesize milk, it indicates that without 
the hormone no lactation would result. On the other hand, it might require 
less lactogenic hormone to develop a certain stage of filling of the gland, if,. 
once the cells were activated, other hormonal factors stimulated the' rate of 
milk secretion by the epithelial cells. 

As the “thyrotropic and other hormones” fraction contained consider¬ 
able amounts of the factor which elevates the blood sugar, it seems reason¬ 
able to believe that this hormone would augment lactation once established 
and at the end of the test period of six days show a degree of lactation 
greater than would be obtained by an equivalent amount of pure lactogenic 
hormone. As a matter of fact it seems possible that the pituitary contains 
several lactation augmenting hormones. Even the thyrotropic hormone in 
suitable dosage would be expected to augment lactation considering the 
demonstrated influence of thyroxine on lactation (12, 13). 

Supplementing Effect of Pituitary Hormones on Lactation . If one 
assumes that the initiation of lactation by the epithelial cells of the mam¬ 
mary gland is stimulated by the lactogenic hormone whereas other pituitary 
hormones augment the rate of the lactation process thus established, it 
should be possible to obtain higher lactation ratings in the pseudo-pregnant 
rabbits with a minimum of lactogenic hormone if supplemented with the 
other fraction. It was decided, therefore, to determine the effect of inject¬ 
ing one mg. of the lactogenic hormone, which when injected alone produced 
an average lactation rating of 1.67, with one mg. of the “thyrotropic and 
other hormones.” The seven rabbits which survived showed a slight aug¬ 
mentation of lactation, averaging 1.86 (on the Gardner-Turner rating). 

In a second group of five rabbits, the “thyrotropic’ 1 fraction w*as in¬ 
creased to two mg. per 100 gms. body weight, the lactogenic remaining the 
same as previously (1 mg.). These animals showed (-H-) to (~h*) ratings, 
averaging 2.60. In other words, with lactogenic hormone alone about 260 
McShan-Turner pigeon units were required to induce (+H-) lactation, 
whereas in these experiments about 100 units less of the lactogenic hormone 
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were required to produce the same degree of gland filling when the other 
hormones of the pituitary supplemented its action. * 

DISCUSSION 

Azimov and Krouze (14) were the first to point out the apparently para¬ 
doxical fact that crude bovine pituitary preparations were able to increase 
established lactation in dairy cattle to a greater extent than the more highly 
purified lactogenic hormone fraction. Folley and Young (1) confirmed this 
observation and further obtained a substantial temporary increase in milk 
volume with cows injected with a 14 thyrotropic 9 ’ preparation which con¬ 
tained no detectable amount of the substance that stimulates growth of the 
pigeon crop gland. From these and other observations Folley (15) has 
questioned the specificity of the lactogenic hormone when assayed by the 
pigeon crop gland. It is his opinion that extracts which stimulate the 
secretion of normal milk in mammals should be described as containing the 
lactogenic substance. 

The writers (3) have recently presented evidence which they interpret 
as indicating that the extract of the pituitary which is commonly called the 
“lactogenic hormone” and which possesses the ability to proliferate the 
pigeon crop gland also possesses the ability to initiate lactation in pseudo- 
pregnant rabbits to a high degree. In the present paper it was shown that 
the extract remaining, rich in the thyrotropic and other hormones but con¬ 
taining little “lactogenic” hormone would only rarely initiate lactation in 
dosages as high as could be tolerated. 

It is the opinion of the writers that the confusion which the papers of 
Folley and Young may have created in the minds of some may be eliminated 
by a suitable definition of the term lactogenic. We suggest that the term 
lactogenic be reserved for the hormone or hormones which have the ability 
to initiate secretory activity in the epithelial cells of the mammary gland as 
contrasted with the terms galactogogue or galactopoetic for substances which 
have the ability to augment the rate of established lactation. By these defi¬ 
nitions, the hormones of the anterior pituitary and of other endocrine 
glands which directly and indirectly influence the lactation process may be 
divided into two groups. The lactogenic hormone is believed to act directly 
upon the epithelial cells of the mammary gland initiating and maintaining 
the secretory activity of the cells in the presence of suitable amounts of the 
milk precursors. This hormone will initiate lactation in the glands of rab¬ 
bits, guinea pigs and other animals when they are conditioned by the mam- 
mogenic hormones. It also stimulates the proliferation of the pigeon crop 
gland. The experiments with hypophysectomized animals (16) indicate the 
need of the hormone continuously during lactation. It is true that the lac¬ 
togenic hormone may also augment established lactation when the rate of 
secretion of the hormone is less than optimal in relation to the precursors 
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TABLE 3 


Lactation response in^normal pseudo-pregnant rabbits with supplementing effect of 

pituitary hormones 


Rabbit 

No. 

Body 

weight 

Amt. in¬ 
jected 100 
gm. body 
weight 

Total 

amount 

injected 

Bergmau- 
Turner thyro- 
tropic units 
(guinea pigs) 

MeShan- 
Turner 
lactogenic 
units 

Gardner- 
Turner 
rating of 
lactation 


gms. 

mg. 

mg. 




1 

3200 

1 T1l 4 

33 

132 

3.3 




1 Lact 

33 


105.0 

*H' 

2 

3430 

1 Th 

34 

136 

3.4 




1 Lac 

34 


170.0 

-L 

3 

3220 

1 Th 

32 

128 

3.2 




1 Lae 

32 


100.0 

-f 

4 

2820 

1 Th 

20 

116 

2.0 




1 Lac 

29 


145.0 

-rH* 

5 

3400 

1 Th 







1 Lac 




Died 2nd day 

6 

2700 

1 Th 

27 

108 

2.7 




1 Lac 

27 


135.0 


7 

4230 

1 Tt 

42 

108 

4.2 




1 Lac 

42 


210.0 

+ 

8 

2780 

1 Th 

28 

112 

2.8 



1 

1 Lac 

28 


140.0 

-f+ 

Avo. of 

1 3206 

1 Th 

32.1 

128.4 

3.2 

1.86 

SOVOJl 

i 

I 

1 Lac 

32.1 


100.5 


I 

j 3010 

2 Th 







1 Lac 




Died 1st day 

i> 

1 2070 

2 Th 

00 

240 

6.0 



1 

i 

1 Lae 

30 


150.0 

-H4- 

3 

| 3520 

2 Th 

70 

280 

7.0 



1 

1 Lac 

35 


175.0 

•vH* 

4 

| 3100 

2 Th 

04 

250 

6.4 



i 

1 Lac 

32 


160.0 

-f-H* 

5 

i 4270 

2 Th 

80 

334 

8.6 




1 Lac 

43 


215.0 ! 


0 

2090 

2 Th 

54 

210 

5.4 




1 Lac 

27 


135.0 | 

TT 

7 

3010 

2 Th 




Died 5th day 


i 

1 Lac 



1 

tt rating 

Avo. of 


| 2 Th 

60.8 

267.2 

6.7 

2.60 

five 

j 3328 

j * Lac 

33.4 


j 167.0 



* Th =*‘thyrotropic and other hormone” fraction, 
t Lac = * < lactogenic hormone ’ * fraction. 


of milk. Consequently, in established lactation it is impossible to distin¬ 
guish the lactogenic from galactogogic hormones. 

The mode of action of the galactogogic hormones is believed to be indi¬ 
rect through their ability to mobilize larger quantities of the precursors of 
milk and to increase the metabolism of the cells. These hormones affect 
many bodily processes and their ability to augment the rate of milk secre¬ 
tion is solely due to the ability of the mammary gland to take advantage of 
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the improved general metabolism of the body. In other words, in the 
absence of the lactogenic hormone no lactation would occur even with 
increased mobilization of milk precursors. 

The writers have reason to believe that the anterior pituitary secretes a 
number of hormones which individually and collectively have the ability 
to augment the lactation rate. Further, it has been suggested that the dif¬ 
ferences in the productive ability of dairy cattle is due in part to the differ¬ 
ences in the rate of secretion of these hormones and the glands and hormones 
which they influence (17). The outstanding example of this relationship 
is the thyrotropic hormone which stimulates the secretion of thyroxine. 
Thyroxine in turn has been shown to have a marked influence in augment¬ 
ing the rate of established lactation (13). The pituitary hormones also 
influence the adrenal gland and the metabolism of fat, carbohydrate, pro¬ 
tein and mineral matter. As these factors are separated from the mixture 
of hormones, the augmentation of lactation due to their joint action may 
be separately evaluated. 

SUMMARY 

A study is reported with the ‘'lactogenic hormone” and the “thyro¬ 
tropic and other hormone” fraction of the anterior pituitary on lactogenesis 
in the pseudo-pregnant, rabbit. 

When the “lactogenic hormone” fraction was injected at, the rate of 1 
mg. per 100 grams body weight (+) to (-H-) glands were obtained, the aver¬ 
age rating being 1.67. When 1.5 ing. was given (-h i ) to (+ 4 -H-) glands 
were obtained the average rating being 3.17, which is considered in the 
range for a unit response. At this level approximately 52 mg. containing 
260 McShan-Turner pigeon units were required. 

A group of rabbits injected wifh 2 mg. per 100 gin. body weight of the 
“thyrotropic and other hormone” fraction showed no evidence of lactation. 
At the 5 mg. and 10 mg. levels six animals in each group survived the test 
period. Only one rabbit in each group showed any evidence of lactation. 

In a group of five thyroidectomized rabbits injected with 5 mg. of the 
“thyrotropic and other hormone” fraction per 100 grams body weight ( 44 ) 
lactation was initiated in two animals but little or none in the other three. 
Another group of seven thyroidectomized rabbits injected at the 10 mg. 
level gave mostly (+) to (+ 4 ) glands, the average rating being 1.43. All 
the animals survived the test period. 

The average gland rating was increased from 1.67 for 1 mg. of lac¬ 
togenic hormone per 100 grams body weight, to 1.86 when supplemented 
by 1 mg. of the “thyrotropic and other hormone” fraction. When the level 
of injection of the latter was 2 mg. the average gland rating was increased 
to 2.60. 

These results are taken to indicate that the primary function of the lac- 
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togenie hormone, which also possesses the ability to proliferate the pigeon 
crop gland, is to initiate and maintain established lactation. Extracts rich 
in the thyrotropic and other hormones, but containing only traces of the 
lactogenic hormone, do not possess the ability to initiate lactation in doses 
as high as could be tolerated. This fraction, however, has a supplementing 
effect on established lactation. 
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Co., Galesburg. 

Wren, D. R., 3205 Sherwin Ave., Chicago. 

W’right, J. Harold, Pet Milk Co., Green¬ 
ville. 

Yapp, W. W., 608 W. Green 8t., Urbana. 

Subscribers: 

American Can Co., 11th Ave. & St. 
Charles Rd., Maywood. 

Anderson, E. T., 205 W. Wacker Drive, 
Chicago. 

Arcady Farms Milling Co., 223 W, Jack- 
son Blvd., Chicago. 
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Armour & Co., Union Stock Yards, Chi¬ 
cago. 

Conquest, Victor, Armour & Co., Union 
Stock Yards, Chicago. 

Corn Products Refining Co., Argo Fety., 
Argo. 

Div. of Foods & Dairies, 228 8. Wabasli 
Ave., Chicago. 

Dromgold, C. W., 403 Melrose Ave., Cen- 
tralia. 

Field, R. M., 53 W. Jackson Blvd., Chi¬ 
cago. 

Food & Drug Adm., 1222 P. O. Bldg., 
Chicago. 

Godfrey, J. II., 1243 W. Washington 
Blvd., Chicago. 

Harvey, Dr. E. II.. 4100 S. Ashland Ave., 
Chicago. 

Libby McNeill & Libby, General Labora¬ 
tory, Morrison. 

Hoyt, Richard M., 805 Normal Ave., Nor 
mal. 

Moorman Mfg. Co., Quincy. 

Library, Blackburn Coll., Carlinville. 

John Crorar Library, Chicago. 

Library, Unit, of Ill., Crbana. 

Plagge, I. F., Deerfield. 

Research Dept., Continental Can Co., 4045 
W. Grand Ave., Chicago. 

Sanitary Eugr., Pub. Health, State 
House, Springfield. 

Scliuknecht., II. E., 308 W. Washington 
St., Chicago. 

Wirt, John J., 315 No. Carpenter St., 
Chicago. 

Tullar, E. F., 308 W. Washington St., 
Chicago. 

A ssocia 1 e S ub scri b ern .* 

Credieott, E. W., Freeport Dairy Prod¬ 
ucts Co., Freeport. 


Sang, P. D., 3900 8o. Michigan Ave., 
Hyde Park Station, Chicago, Ill. 

Student Affiliate#: 

De Boer, Carl J., 104 N. Lincoln Ave., 
U rbana. 

George Christionson, Univ. of Illinois, 
Urbana, 111. 

Faulkner, Dale W., 1104 W. Park, Cham¬ 
paign. 

Ferreira, Howard, Route 1, Waverly. 

Francis, Julius, 8112 Evans Ave., Chi-, 
cago. 

Gardner, Karl E., Univ. of Ill., Urbann. 

Hepperly, John T., 1115 W. Illinois St., 
Urbana. 

Hollender, Herb, Univ. of III., Urbana. 

Kizcr, Howard, 815 Lo$tm Ave., Bolvi- 
dere. 

Klamm, Wayne, 839 Sherman, Evanston. 

Martens, Carl N., 312 W. Oak St., Car 
bondale. 

Mathews, Earl W., 702 W. Kirby Ave., 
Champaign. 

Nixon, Vernon, Farmer City. 

Nixon, Vernelle, Farmer City. 

Pcdrick, Richard, R. R. #2, Metamora. 

Puhle, Russell G., 1063 W. Columbia Ave., 
#410, Chicago. 

Raab, John M., 437 N, Fifth St,, Belle¬ 
ville. 

Satterfield, F. W., Ilomer. 

Schreiter, Otto, 206 N. Clinton, Bloom¬ 
ington. 

Soper, Lee, Winnebago. 

Strempei, Nick J., 65.17 Yale Ave., Chi¬ 
cago. 

Taylor, V. Leonal, Fairview. 

Taylor, Win. M., 1130 S. 7, Springfield. 

Trent, Ben, Rockford Dairies, Rockftrd. 

Weber, G. Philip, Pawnee. 


Indiana 


Member#: 

Aldon, E. G., Supt. Chauncey Rose School, 
Terre Haute. 

Boxell, Kenneth C., Purdue Univ., La¬ 
fayette. 

Brown, Royer II., 602 Majestic Bldg., 47 
S. Pa. St., Indianapolis. 

Brown, W. Howard, Purdue Univ., Lafay¬ 
ette. 

Bryan, Kenneth V., Purdue Univ., Lafay¬ 
ette. 

Chumlea, L. W., Indiana Cond. Milk Co., 
Lebanon. 

Cobbs, Harold V., 208 Old First Nat ’1 
Bank, Bluff ton. 

Dugdale, R. K., Ind. Cond. Milk Co., 
Sheridan. 

Elliker, Paul R., Purdue Univ., Lafay¬ 
ette. 

Epple, William F., Purdno Univ,, Lafay¬ 
ette. 

Erb, R. E., Purdue Univ., Lafayette. 


Fahl, Joseph R., 5103 Winthrop Ave., 
Indianapolis. 

Fifer, Russell, 527 Peoples Bank Bldg., 
Indianapolis. 

Foulkes, Harold, Kentland Dairy Prod., 
Kent. land. 

Freeman, Walter, 416 Board of Trade 
Bldg., Indianapolis. 

Freese, Karl, Jr., 458 No. Hartman St., 
Nappanee. 

Friend, L. F., 305 Boelinc Bldg., Evans¬ 
ville. 

Gannon, E. A., Purdue Univ., Lafayette. 

Geise, F. W., .1822 Olive St., Indianapolis. 

Gregory, H. W., Purdue Univ., Lafay¬ 
ette. • 

Harris, J. L., 328 W. JOtli St., Rochester. 

Harvey, John E., 2206 So. Michigan St., 
South Bend. 

Hedges, Byron D., 319 Walnut St., Terre 
Haute. 

Hilton, J. H., Purdue Univ., Lafayette. 
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Holdenmn, Robert L., 1162 E. Calvert St., 
South Bend. 

Holden, R. L., 500 N. Salisbury St., West 
Lafayette. 

Horrall, B. E., Purdue TTniv., Lafayette. 

Iddings, Harry G., 6008 E. 6th Place, 
Gary. 

Linscott, Verne, Pumas Ice Cream Co., 
South Bend. 

Logan, Paul 8., R. #6, Lafayette. 

Lyons, Theodore A,, Wolf Dairy Co., New 
Haven. 

Manhart, V. C., Purdue Unir., Lafayette. 

Miller, Norman J., Mead Johnson Co., 
Evansville. 

Moseley, W. 1C., 4902 E. New York St., 
Indianapolis. 

Neuhauser, Maurice D., S. Lafayette St., 
Ft. Wayne. 

Palmer, James L., 909 E. Broadway, 
South Bend. 

Parsons, Donald W., 305£ Bundy Avo., 
New Castle, 

Pope, Donald B., 402 Clinton St., Ham 
mond, 

Prickett, Dr. P, S., Mead Johnson & Co., 
Evansville. 

Quiggle, Charles W M 728 Chamber of 
Commerce Bldg., Indianapolis. 

Risch, Lawrence N., Tip Top Cry. Co., 
Vincennes. 

Roberts, Ralph E., 214 PeTrin Ave., 
Lafayette. 

Scharf, Irvin 0., Purity Maid Prod. Co., 
New Albany. 

Schlegel, John M., 219 Castle Hall Bldg., 
Indianapolis. 

Schlosser, Wm. B., 217 N. 3rd St., Vin 
cennes. 

Siebenthal, A. A., Allied Mills Inc., 
Lafayette. 

Shook, L. C„ Fairmont. 

Stephenson, Robert, 1002 S. Branson St., 
Marion. 


Stillman, Clarence, Sunnyside Dairy, 
Cowan. 

Stout, Joseph L., 415 North St., Lafay¬ 
ette. 

Suhre, F. H., Columbus. 

Trimble, J. M., Lebanon. 

True, N. F., Mead Johnson & Co., Evans¬ 
ville. 

Wallace, E. T., Purdue Univ., Lafayette. 

Weissert, C. D., Schlosser Bros. Cry., 
Plymouth, 

Wilbur, J. M., Purdue Univ,, Lafayette. 

Williams, G. A., Purdue Univ., Lafayette. 

Subscribers: 

Ind. State Bd. of Health, 1098 W. Michi¬ 
gan St., Rm. 231, Indianapolis. 

Burris, Ralph A., Tip Top Cry., Vin- 
connos. 

Burwell, F. A., 3820 Roys Ave., Elkhart. 

J deal Pure Milk Co., 203 S.E., Eighth St., 
Evansville. 

Lotz Mfg. Co., Crown Point. 

Peck, Lyman, 300 Old-First Nat '1 Bank 
Bldg., Fort Wayne. 

Library, Agr. Exp. Sta., Purdue Univ., 
Lafayette. 

Library, Purdue Univ., Lafayette. 

Mid West Producers Creameries, 409 
Pythian Bldg., 224 W. Jefferson St., 
South Bend. 

Schlosser Bros., Frankfort. 

Student AffiUaUs: 

Anderson, Jack, Mt. Vernon. 

Blosscr, T. H., R. R. #2, Syracuse. 

Beese, John Edward, 815 8. Boots, 
Marion. 

Cove, William R., Franklin. 

Mroz, Joseph R., Kouts. 

Myers, Max E., Bourbon. 

Waugh, Robert K., 1028 State St., W. 
Lafayette. 


Iowa 


Members; 

Arnold, Floyd, Extension Service, Iowa 
State Coll., Ames. 

Babel, Fred J., Iowa State Coll., Ames. 
Baker, Merle P., Iowa State Coll., Ames. 
Bird, Emerson W., Iowa State Coll., 
Ames. 

Breazeale, D. F., Iowa St. Brand CryR. 
Inc., Mason City. 

Campbell, Shan, 3210 E. Seventh St., Dos 
Moines. 

Cannon, C. Y,, Iowa State Coll., Ames. 
Coifey, Robert T* 1111 N. Second St., 
Ames. 

Crews, Frank, 228 Welch Ave., Ames. 
Duncan, James F., Iowa State Coll., 
Ames. 

Espe, Dwight L., 612 Lynn Ave., Ames. 
Fabririus, x. jg., Iowa State Coll., Arnes* 


Finch, Lindley, Brenton State Bank, 
Dallas Center, 

Goss, E. F., Iowa State Coll., Ames. 
Hammer, B. W., Iowa State Coll., Ames. 
Hansen, Elmer N., 418 Stanton Ave., 
Ames. 

Hermanson, Everett J., Elm St., Algona. 
Hoecker, Wesley H., Iowa State Coll., 
Ames. 

Ingels, John W., Waverly. 

Iverson, C. A., Iowa State Coll., Ames. 
Johnston, Floyd, Iowa State Coll., Ames. 
Keteham, Wesley J., Iowa State Coll., 
Ames. 

Long, Henry F., Iowa State Coll., Ames. 
Lush, Jay L., Iowa State Coll., Ames. 
Medin, Carl D., 289 Johnson Ave., N.W., 
Cedar Rapids. 
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Mennen, K. E., Armour Creameries, Des 
Moines. 

Michecl, Vernon L., 2820 E. 18th St., 
Davenport. 

Mortenscn, M., Iowa State College, Ames. 

Porter, Arthur H., Iowa State Coll., 

Potthoff, I. G., 411 E. Grand Ave., Des 
Moines. 

Rudniek, A. W., Iowa State Coll., Ames. 

Sanders, L. R., Hutchinson Ice Cream Co., 
Cedar Rapids. 

Storvick, R. O., 1027 2nd St,, S.W., 
Mason City. 

Thomas, Dr. B. II., 315 Lynn Ave., Ames. 

Weaver, Russell C., 229 (5th St., N.W., 
Mason City. 

Wester, Karl, Keosauqua. 

Willey, R. C., 1131 3rd St., S.W., Mason 
City. 

Wright, Ernest M., 910 Waterloo Bldg., 
Waterloo. 

Subscribers: 

Glen wood State School, Glen wood. 

Library, Iowa State Coll., Ames. 

Library, Meredith Pub. Co., Des Moines. 

Student Affiliates: 

Anderson, Dorrance I., 132 Welch Ave., 
Ames. 

Aylesworth, R. D., Iowa State Coll., 
Ames. 

Baker, Boseoe J., R. #3, Ames. 


Bruene, Richard R., 311 Ash St., Ames. 

Butler, Ralph 0., Coll. Y.M.C.A., Ames. 

Cherry, Howard H., Jr., 305 Nassau St.., 
Cedar Rapids. 

Evenson, Melvin, Iowa State Coll., Ames. 

Green, James W., Sigourney. 

Grigsby, C. O., Jr., 2112 Lincoln Way, 
Ames. 

Hansen, Hale E,, Preston. 

Jackson, John R., International House, 
Ames. 

Kester, Dwight, 2828 Oakland St., Ames. 

Lang, Ted E., 125 Hyland Ave., Ames. 

March, Claude J., 311 Ash St., Ames. 

Medin, Howard, 311 Ash Ave., Ames. 

Meggitt, Wendell, 10 W. College St., 
Iowa City. 

Morrison, Raymond W., Keosauqua. 

Nelson, Raymond, Iowa State Coll., 
Ames. 

Rosenberger, Winfield S., Sidweli Dairy 
Co., Iowa City. 

Roscnkild, Grover, Independence. 

Rudniek, Art, 214 So. Russell, Ames. 

Runkle, John H., Manchester. 

Scoles, Leo R., Nashua. 

Senger, Marvin E., 519 Welch Ave., 
Ames. 

Shafland, E. W., 1500 Hawthorne, Water¬ 
loo, 

Slianer, Joe, Dedham. 

Strait, Maurice, 1140 0th Ave., Des 
Moines. 

Wemer, Claire, Gibson. 


Members : 

Atkeson, F. W., Kansas State Coll., Man¬ 
hattan, 

Bauman, Leon, Dept, of Health, City of 
Lawrence. 

Bechtel, H. Ernest, 345 No. 15th, Man¬ 
hattan. 

Caulfield, W. J., Kansas State Coll., Man¬ 
hattan. 

Dunlap, J. C., Meriden Cry. Co., Hutchin¬ 
son. 

Gilmore, Lester O., Kansas State Coll., 
Manhattan. 

Hunt, Edw. S., Tonganoxie. 

Huntor, Charles A., 933-935 Kansas Ave., 
Topeka. 

Kentf 

Members : 

Barkmiui, J. O., Univ. of Ky., Lexington. 

Bird, Tate, Shelbyville. 

Burnette, W. P., 713 South 9th St., May- 
field. 

Ely, Fordyce, Univ. of Ky., Lexington. 

Fletcher, Lane, Univ. of Ky., Lexington, 
Ky. 

Monier, Howard B., Coll. Sta. Box G, 
Berea. 


SAS 

Ibsen, Heman L., Kansas State Coll., 
Manhattan. 

Linn, J. W., Kansas State Coll., Man¬ 
hattan. 

Martin, Willard H., Kansas State Coll., 
Manhattan. 

Nelson, F. Eugene, Kansas State Coll., 
Manhattan. 

Shaw, A. O., Kansas State Cull., Man¬ 
hattan. 

Whitnah, C. H., Kansas State Coll., Man¬ 
hattan. 

Subscribers: 

Library, Kansas State Coll., Manhattan. 

OKY 

Morrison, H. B., Univ. of Ky., Lexington. 

Wilson, Philip, 748 Van Metar Rd., Lex¬ 
ington. 

Subscribers: • 

City of Louisville, Floyd & Madison Sts., 
Louisville. 

Ewing, C. O., Floyd & Caldwell Sts., 
Louisville. 

Kennedy, Dr. J. A., City Hospital, Louis¬ 
ville. 



1248 


CIRCULATION OF JOURNAL OF DAIRY SCIENCE 


Library, Agr. Exp. Sta., Lexington. 

Library, Murray State Teachers Coll., 
Murray. 

Osborn, F. H., 220 Bourbon Stock Yards 
Bldg., Louisville. 

Library, Western Kentucky State Teach¬ 
ers Coll., Bowling Green. 

Smith, K. D., 912 E. Broadway, Louis¬ 
ville. 


Associate Subscribers: 

Derway, II. W., Brown Hotel, Louisville. 
Ewing Yon-A Ilmen Dairy, Box 777, 
Louisville. 

Student Affiliates: 

Connor, Robert L., Bourbon Stock Yards 
Bldg., Louisville. 

Summe, John J., 224 East 20th St., 
Covington. 


Louisiana 


Members: 

Brown, Dr. C. A., 6317 So. Robertson St., 
New Orleans. 

Davis, C. 0., 8015 Nelson St., New 
Orleans. 

Gaalaas, R. F., Iberia Livestock Expr. 
Farm, JeaneTCtte. 

Gclpi, A, J., Jr., La. State Univ., Uni 
versity. 

Hefferman, H. N., 6263 Colbert St., New 
Orleans. 

Neasham, E. W., La. State Univ., Uni¬ 
versity. 

Seath, Dwight M., Agr. Exp. Sta., Uni 
versity. 


Staples, C. H., La. State Univ., Univer¬ 
sity. 

Subscribers: 

Kalmbach Burekctt Co., 1200 Block Dal- 
zell, Shreveport. 

La. Polytechnic Inst., Library’, Ruston. 

Library, La. State Univ., University. 

Library, Southern Univ., Scotiaudville. 

Library, Southwestern La. Inst., Lafay¬ 
ette. 

St. Mary Parish Health Center, Franklin. 

St uiient Affiliates: 

Prichard, Arthur, Box 475, Lafayette. 


Maine 

Members: Leighton, Ilarrv R., Ft. Williams. 

Cairns, G. M., Univ. of Maine, Orono. 

Corbett, Ralph A., Univ. of Maine, Orono. Subscriber ■ 

Dorsey, D. M., TTmv. of Maine, Orono. Libran, Dim. of Maine, Orono. 

Maryland 


Members: 

Ashmead, J. II., 4 Gwynndale Ave., Balti¬ 
more. 

Barker, H. (\, Univ. of Md., College 
Park. 

Baumann, L. A., 319 E. Bradley Lane, 
Chevy Chase. 

Berry, M. H., Univ. of Md., College Park. 

Btuler, Henry E., Univ. of Md., College 
Park. 

Carey, C. A., 215 Madison Ave., ILver- 
dale. 

England, C. W., Univ. of Md., College 
Park. 

Gomez, E. T., Bureau of Dairy Industry, 
Belt8ville. 

Harvey, S. H., TInrvey Dairy Inc,, Ily- 
attsville. 

Henderson, Laton M., Mt. Ararat Farms, 
Port Deposit. 

Ikeler, Kenneth C., 302 Cecil St., Univ. 
Park, Hyattsville. 

Johnson, Arnold H., 1403 Eutaw Place, 
Baltimore. 

Lamb, LeRoy D., R. #4, Westminster. 

Leighton, Alan, Bur, Dairy Ind., P. O. 
Box 5, Brentwood. 

Leseure, J. M., Linden Ave. & Dolphin 
St., Baltimore. 


Lochry, H. It.. Bur. Dairy Ind., Belts- 
ville. 

Marty, Ivan M., City Health Dept., Balti¬ 
more. 

Mather, Robert, Univ. of Md., College 
Park. 

Matthews, Charles A., Bur. Dairy Ind., 
Beltsville. 

Me El wee, H. W., 201 Reynolds Ave., 
Hagerstown. 

Mecham, C. Marion, Green Spring Dairy, 
1020 W. 41st St., Baltimore. 

Meigs, Dr. Edward B., Bur, Dairy Ind., 
Beltsville. 

Metcalf, Kenneth L., Box 459, Frederick. 

Moseley, Tlios. W., U. S. Dairy Exp. Sta., 
Beltsville. 

Myers, R. P., 1403 Eutaw Place, Balti¬ 
more. 

Nicolet, Ben II., Bur. Dairy Ind., Belts¬ 
ville. 

Siegmund, l)r. H. B., 1100 E. Baltimore 
St., Baltimore. 

Turk, Kenneth L., Univ. of Md., College 
Park. 

Whitaker, R,, 3403 Eutaw Place, Balti¬ 
more. 

White, Allen H., 210 E. Lexington St., 
Baltimore. 
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Woodward, T. E., Beltsville. 

Yoder, R. L., Greensboro. 

Subscribers: 

Library, Uuiv. of Md., College Park. 
Livestock Sanitary Service, College Park. 
William Welch Medical Library, 1000 E. 

Monument St., Baltimore. 

Sealtest, Inc., 1403 Eutaw Place, Bal¬ 
timore. 

State Dept, of Health, 2411 N. Charles 
St., Baltimore. 

Associate Subscribers: 

Queen City Dairy, Inc., P. O. Box 002, 
Cumberland. 


Student Affil iates: 

Brandt, Karl W., Box 202, College Park. 
Butler, Mason, Dickerson. 

Hughes, Frank W., Jr., Yale & Wellesley 
Ave., College Park, Md. 

Jones, Daniel L., Calverts Distillery Co., 
Relay. 

Meyer, Frederick E., Box 35, Greensboro. 
Skinner, James, Univ. of Md., College 
Park. 

Wiedemer, Arthur, Univ. of Md., College 
Park. 


Massachusetts 


Members: 

Archibald, John G., Mass. State Coll., 
Amherst. 

Berggren, Ruth E. L., 15 Adams St., 
Winter Hill. 

Bradficld, Alec, 17 Beverly St., Melrose. 

Campbell, P. A., Box 1482, Springfield. 

Clevenger, C. L., Mt. Hope Farm, Wii- 
liamstown. 

Cooley, Louis A., 570 Rutherford Ave., 
Boston. 

Cort, Joseph C., 209 Washington St., 
Boston. 

Dimock, Edgar W., Charlton St., Oxford. 

Dimock, Ralph W., Charlton St., Oxford. 

Fawcett, Clifford J., Mass. State Coll., 
Amherst. 

Fay, A. <\, 500 Rutherford Ave., Boston. 

Firth. E. B., Gen. Tee Cream Corp., 
Springfield. 

Fisher, R. C., Wellesley Farms Dairy, 
Wellesley. 

Foley, Richard C„ Mass. State Coll., 
Amherst. 

Frandsen, J. H„ Mass. State Coll., 
Amherst. 

Freeman, Stanley L., 419 Spring St., 
West Bridgewater. 

Friedman, H. Henry, 67 Fowler St., 
Dorchester. 

Glickstera, Myer, Mass. State Coll., Am 
lierst. 

Jenkins, Herbert, 22 Washington St., 
Somerville. 

Keenan, J. A., 570 Rutherford Ave., 
Boston. 

Larson, C. W., 570 Rutherford Ave., 
Boston. 

Lindquist, Harry G., Mass. State Coll., 
Amherst. 

Lovda.1, Sigurd, 72 Russell St., North 
Quincy. 

Lythgoe, Hermann C., TB Sanitorium, 
Westfield. 

Mack, M. J., Mass. State Coll., Amherst. 

Marcus, Theodore, 6 Columbia Rd., Dor¬ 
chester, 

Mueller, W. 8., Mass. State Coll., Am 
lierst. 


Nelson, D. H., 191 Wavcrly Oaks Road, 
Waltham, Mass. 

Nickolls, C. R., 500 Rutherford Ave., 
Boston. 

Pettee, I). A., 142 Cambridge St., Charles¬ 
town. 

Range, Mansel C., 54 Hillside Ave., 
Arlington. 

Rice, V. A., Amherst. 

Rorsely, E. M., Deerfoot Farms Go., 
South boro. 

Selby, Howard W., 88 Cambridge St., 
Charlestown. 

Shrader, l)r. J. H., Eastern Nazerene 
Coll., Wollaston. 

Smith, Alfred W., 294 Plainfield, Spring- 
field. 

Snow, R. Milton, 80 Arlington St., Fitch¬ 
burg. 

Ward, Ruel E., Eastern St. Farmers ’ 
Excli., Springfield. 

Widland, Myron, 193 Fountain St;, 
Springfield. 

Wisirieski, Karol S., 42 Maywood St,, 
Worcester. 

Subscribers: 

Atlantic Research Associates, Inc., New¬ 
ton vi lie. 

Boston Molasses Co., 175 Milk St.., Bos- 
ton. 

Boston Public Library, Copley Square, 
Boston. 

Burke, Edmund W., 76 Spruce St.., Water- 
town. 

Dept, of Pub. Health, Rm. 524 A, State 
House, Boston. 

Dutchland Farms, Inc., 309 Battles St., 
Brockton. 

Essex Co. Agr. School, Hathorne. 

Goodell Library, Mass. State (-oil., Am¬ 
herst. 

Health Dept., 1104 City Hall Annex, 
Boston. 

Mass. Inst, of Tech., Library, Cambridge. 

Mears, Robert P., 3 Buckingham Rd., 
Milton. 

Stowe, R. T., 177 Milk St., Boston. 

H, K. Webster Co., 24 West St., Lawreuce. 
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Associate Subscribers : 

Norton, Raymond P., 58 Morton St., 
Newton Centre. 

Pittsfield Milk Exchange, 120 Francis 
Ave., Pittsfield, Mass. 

Putnam, Howard A., 108 Manchester 
Terrace, Springfield. 

Whiting, Charles F., 11 Mason St., Cam¬ 
bridge. 

Student Affiliates: 

Nerret, Ferdinand A., Schrader, South- 
boro. 


Teehan, James P., 125 King St., Spring- 
field. 

Reilly, Eugene E., 33 Chesterfield Rd., 
Worcester. 

Wirtanen, Leonard C., 19 Pontiac Rd., 
Quincy. 

Keyock, Nicholas L., Mass. State Coll., 
Amherst. 

Leach, Bradford 8., 58 Perkins St., Mel¬ 
rose. 

Davis, Harold F., 17 Forrest Glen Rd., 
Reading. 

Roddn, Charles, Jr., 18 Manchester Ter¬ 
race, Springfield. 


Michigan 


Members: 

Alger, ITarry B., 13505 Griggs, Detroit. 

Anderson, A. C., Schoolcraft, Kalamazoo 
Co. 

Anthony, E. L., Mich. State Coll., East 
Lansing. 

Baltzer, A. C., Mich. State Coll., East 
Lansing. 

Bresler, Clyde, 717 E. Fulton, Grand 
Rapids. 

Brockschmidt, J. H., 13220 Woodward 
Ave., Highland Park. 

Brody, C. A., Constantine. 

Bryan, C. S., Mich. State Coll., East 
Lansing. 

Buckingham, George E., 5101 Branch 
Rd., Flint. 

Burlingame, M. M., 3600 Forest Ave. E., 
Detroit. 

Cole, Clarence L., Mich. State Coll., East 
Lansing. 

Davis, George, 11077 Minden Ave., De¬ 
troit. 

Duncan, Clifford W., Expt. St. Chenjistry, 
East Lansing. 

Fabian, F. W., Mich. State Coll., East 
Lansing. 

Folkers, E. C., 919 Orchard St., Flint. 

Gould, Ira A., Mich. State Coll., East 
Lansing. 

Gregarek, Floyd J., 3730 Montgomery, 
Detroit. 

Harding, H. A., 1221 Beaufait Ave., 
Detroit. 

Hays, J. G., 605 Butterfield Dr,, East 
Lansing. 

Horwood, Russell E., Mich. State Coll., 
East Lansing. 

Hoyt, Leon W., 14050 Roselawn Ave., 
Detroit. 

Huffman, Carl F., Mich. State Coll., East 
Lansing. 

Jensen, J. M./ Mich. State Coll., East 
Lansing. 

Johnson, George K., Co. Agr. Agent, 
Allegon. 

Jones, V. R., J. B. Ford Co., Wyandotte. 

Rrehl, Edward C., 15868 Whitcomb, 
Detroit. 


Lucas, P. S., Mich. State Coll., East Lan¬ 
sing. 

Miller, Charles D., Eaton Rapids. 

Moore, L. A., Mich, State Colt., East Lan¬ 
sing. 

Myers, Charles E. t 16176 Freeland, De¬ 
troit. 

Petrie, Ernest B., Lockshore Farm, Cres- 
sey. 

Phillips, John E., Waylaud. 

Rogers, C. A., 8731 Witt St., Detroit. 

Sandburg, Mrs. Carl, Herbert. 

Sehcidenhehn, E. C., Mich. State Coll., 
East Lansing. 

Schubert, A. R., Catliam. 

Seidel, O. J., 402 N. Catherine St., Bay 
City. 

Seidel, Martin, 403 East John St., Bay 
City. 

Snyder, Woodrow, Mich. State Coll., East 
Lansing. 

Strachan, Robert C., 1395 Park Place, 
Plymouth. 

Sykes, Joseph F., Mich. State Coll., East 
Lansing. 

Trout, G. Malcolm, Mich. State Coll., 
East Lansing. 

Turney, G. J., Room 205, City Hall, Lan- 
sing. 

Vedder, Melvin L., Litchfield. 
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Sheffield Farm Lab., 1055 Webster Ave., 
Bronx. 

Standard Brands Library, 595 Madison 
Ave., New York. 

Taylor Instrument Co., 95 Ames St. at 
West Ave., Rochester. 

Tioga Mills, Inc., Waverly. 

Voorhees, Schuyler G., 51 Prospect St., 
Amsterdam. 

Associate S u bseribers: 

The Casein Co. of America, Inc., Bain- 
bridge. 

Hutt, Henry W., 751 Tonawanda St., 
Buffalo. 

Hydrox Ice Cream Co., Inc., 47th Ave. & 
Van Dam St., L. I. City. 

New York Good Humor, Inc., 46-81 
Metropolitan Ave., Brooklyn. 

Speaks, Chas., Milk Inst., Chrysler Bldg., 
New York. 

Wooster, R. D., 276 5th Ave., Troy. 

Student Affiliates: 

Ackerly, Helen, Crystal Run. 

Botwinik, Leonard, 162 Circular Ave., 
Saratoga Springs. 

Evanko, John A., 206 Depeyster St., 
Rome. 

Ludington, Varnum D., 28 S. Main St., 
Holley. 

Gordon, Theodore D., 202 Dry den Rd., 
Ithaca. 

Gottlieb, Manuel, Youngsville. 

Johnson, Joe, 3736 88th St., Jackson 
Heights, L. I. 

Leibowitz, Sol, 888 Montgomery St., 
Brooklyn. 

Rotten berg, Simon, Mohigan Colony, 
Orompond. 

Semler, Edwin L., 524 Dryden Rd., Ith¬ 
aca. 

Walter, William G., Agr. Exp. Sta., Ge¬ 
neva. 

Webster, H. G., Jr., Weedsport. 

Carolina 

Grinnells, C. D., State Coll. Sta., Raleigh. 

Gulledgc, E. P., 810-811 Odd Fellows 
Bldg., Raleigh. 

Kennedy, W. L., A. & T. College, Greens¬ 
boro. 

Mitchell, E. D., Biltmore Farms, Ashe¬ 
ville. 

Ruffner, R. H., State Coll. Sta., Raleigh. 
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Till, Dr. 8. B., Biltmore Farms, Ashe- Southern Dairies, Inc., Winston-Salem. 

ville. Wells, C. B., Jr., Southern Dairies, Ashe- 

Tufts, Leonard, Pinehurst. ville. 

Subscribers: Student A filiates: 

Library, A. & T. College, Greensboro. Thacker, W. C., 1730 Park Drive, Raleigh. 

North Dakota 

Members: Watt, A. L., Northern Great Plains 

Conner, J. K., Ill 4th Ave., N.W., Man Uair - V Sta -> Mandan - 

j an> Subscribers: 

Dice, J. R., N. D. Agr. Coll., Fargo. Ladd, C. S., State Laboratories Dept., 

Jensen, Chris, State Coll. Sta., Fargo. Bismarck. 

Murray. D. L., N. D. Agr. Coll., Fargo. Library, State Coll. Sta., Fargo. 

Trzcinski, Sam C., 409$ Fifth St., No., Student A filiates: 

Bismarck. Bach, Charles, May ville. 

Ohio 


Members: 

Alberts, Raymond J., Ohio State Univ., 
Columbus. 

Alexander, C. B., 273 Bowery St., Akron. 

Almv, E. F., 2632 Tremont Rd., Colum¬ 
bus. 

Armstrong, T. V., 367 W. California Ave., 
Columbus. 

Babcock, Wayne, 945 Berden Ave., 
Toledo. 

Bn elite!, R. T., 1132 E. Tuscarawas St., 
Canton. 

Baker, Neil R., 239 W. Spring St., Co 
lumbus. 

Bennett, C. L., 2363 St. James Ave., Cin¬ 
cinnati. 

Berg, E. K., Novelty. 

Blackman, Chas. L., Ohio State Univ., 
Columbus. 

Bohl, Homer C., New Vienna. 

Brandt, Gray don W., Ohio State Univ., 
Columbus. 

Buchanan, T. B., 1086 N. 4th St., Colum 
bus. 

Burgwald, L. B., Ohio State XTniv., Co¬ 
lumbus. 

Burkcy, Lloyd, Creamery Package Mfg. 
Co., 500 Broadway, Toledo. 

Campbell, F. M., Andalusia Dairy Co., 
Salem. 

Carver, R. J., Moores & Ross Milk Co., 
Columbus. 

Charles, Donald, 3055 East, 63rd St., 
Cleveland. 

Claxton, A. J., White Mt. Cry. Co., Lima. 

Clouse, S. H., 125 N. Fountain Ave., 
Springfield, 

Corn, Orville, R. #5, Coshocton. 

Creamer, Dwight 6., Telling Belle Ver¬ 
non, Akron. 

Dafler, Russell K., R. #1, New Lebanon. 

Denlinger, H. E., Farmers Nat ’l Bank 
Bldg., Greenville. 

Diehl, M. W., 1843 E. 8lBt St., Cleveland. 

Dorcas, M. J., 159 Stanford Drive, Berea. 

Drain, H. D., Peoples Dairy Co., Akron. 


DrcHscl, Richard L., 2872 Neil Ave., Co¬ 
lumbus. 

Dreycr, Virgil O., 219 E. 5th St.., Dayton. 

Drusendahl, L. G., 1290 West 115th St., 
Cleveland. 

Dugan, Elbert W., 1495 E. 118th St., 
Cleveland. 

Dubacli, George G., R. #3, Ashtabula. 

Durkee, Maurice P., Grafton. 

Erb, J. Hoffman, Ohio State Univ., Co¬ 
lumbus. 

Erf, Oscar, 1896 N. High St., Columbus. 

Farrar, Robert R., Sugarereek. 

Froliring, W. O., Gen. Biochemicals, Inc., 
Chagrin Falls. 

Gebhardt, II. T., 418 Milford Ave., 
Marysville. 

Green, Robert F., Chesterland. 

Hadley, I. D., 930 Forest Drive, Wooster. 

Hamilton, Harold P., Box 301, Sugar- 
creek. 

Hamilton, Robert, 47th W. & Train Ave., 
Cleveland. 

Hamilton, T. Kline, 335 Graham St., Co¬ 
lumbus. 

Harding, IT. G., Akron Pure Milk Co., 
Akron. 

Hayden, C. C., Exp. Sta., Wooster. 

Holeski, Cashmere, Carnation Co., Bell- 
villc. 

Holzhauer, H. K., 1110 Jefferson Ave., 
Toledo. 

Houser, LeRoy, Modern Dairy, Ports¬ 
mouth. 

Hull, Maurice E., 1400 Haines Ave., Co¬ 
lumbus. 

Ilg, Henry L., Jr., P. O. Box 49, Green¬ 
ville. 

Isaly, S. D., 1033 Mahoning Ave., 
Youngstown. 

Johnston, W. L., Westerville. 

Jewell, R, M., 618 E. High St., Mt. Ver¬ 
non. 

Kahler, Karl M., 83 Univ. St., Wester¬ 
ville. 

Kennedy, Roland N., 165 N. Washington 
Ave., Columbus. 
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Kesselring, Lowell, 1499 Forest St., Co¬ 
lumbus. 

Klopfcr, Virgil J., R. R., Piqua. 

Knoop, C. E., Agr. Exp. Sta., Wooster. 

Koch, Irving O., Borden's Dairy, Colum¬ 
bus. 

Kochheiser, Don S., Ellet. 

Kolar, Raymond, Piqua Dairy Prod., 
Piqua. 

Krauss, William E., Agr. Exp. Sta., 
Wooster. 

Krill, I. R., 1252 Northwest Blvd., Colum¬ 
bus. 

Kubek, J. W., 3335 E. Monmouth Rd., 
Cleveland. 

Lamb, Walter, Belle Center. 

Lawrence, C. W., Box 383 A, R. #3, Day- 
ton. 

Lyman, J. F., Ohio State Univ., Colum¬ 
bus. 

Mangold, E. F., Biltmore Hotel, Dayton. 

McBride, Chas. Grover, 1644 Guilford 
Rd., Columbus. 

McKellip, Ivan, 549 E. N. Broadway, 
Columbus. 

Miller, Raymon W., West Liberty. 

Miller, Roy, R. #2, Canton. 

Mindling, Luther E., 3600 Payne Ave., 
Cleveland. 

Monroe, C. F., Agr. Exp. Sta., Wooster. 

Nadelin, Eugene P., 666 N. Bever St., 
Wooster. 

Ninow, George, 218 Twin Oaks Rd., 
Akron. 

Nisbet, J. C., 5 E. Long St., Columbus. 

Otting, H. E., R. #3, Westerville. 

Pallas, George, Griswold Rd. #3, Elyria. 

Pentz, J. B., 165 N. Washington Ave., 
Columbus. 

Perkins, A. E., Agr. Exp. Sta., Wooster. 

Ramsey, R. J., 21853 Cromwell, Rocky 
River Branch, Cleveland. 

Richardson, Don A., Telling Bells, Ver¬ 
non Co., Akron. 

Ross, S. M., 585 Cleveland Ave., Colum¬ 
bus. 

Salisbury, S. M., Ohio State Univ., Co¬ 
lumbus. 

Schilling, R. L., 1439 Laurel Ave., Toledo. 

Schlosser, Joe, Dept, of Health, Massil¬ 
lon. 

Shellenger, Kern K., 2029 S. Heights 
Ave., Youngstown. 

Siplock, Alex, 4415 Clybourne Ave., 
Cleveland. 

Slatter, Walter L., 167 W. California, 
Columbus. 

Smith, James T., City Hoaltli Dept., Steu¬ 
benville. 

Smith, Wayne E., 1360 S. Ohio Ave., 
Columbus. 

Smyth, E. R., 642 Oak St,, Cincinnati. 

Snyder, Victor P., Lewisburg. 

Star buck, Raymond R., 127 N. Lancaster 
St., Athens. 

Steiner, John, 25 17th Ave., Columbus. 


Sterner, Alvin R., 1530$ Huron St., 
Toledo. 

Stoltz, Phillip C., 1971 Concord ' Rd., 
Columbus. 

Stoltz, R. B., Ohio State Univ., Columbus. 

Sutermeister, L. A., Red Wing Corp., 
Dayton. 

Sutton, T. S., Ohio State Univ., Colum¬ 
bus. 

Swartwood, I. T., 12206 Clifton Blvd., 
Lakewood. 

Teselle, E. A., 433 Erie St., Barberton. 

Titus, R. W., Nestles Milk Products, 
Marysville. 

Tucker, Hubert, Worthington. 

Van Atta, A. J., 3119 Brachen, Woods 
Lane, Westwood, Cincinnati. 

Wagner, William, Canal Fulton. 

Washburn, R. G., Agr. Exp. Sta., Woos¬ 
ter. 

Way, IT. O., 308 Western Reserve Bldg., 
Cleveland. 

Weiser, Harry H., Ohio State Univ., 
Columbus. 

Wickham, J. C., 4227 W. 36th St., Cleve¬ 
land. 

Woodruff, Alfred C., 126 Grand Ave., 
Akron. 

Wyeno, Juro, Chagrin Falls. 

Young, Paul A., 3740 Carnegie Ave., 
Cleveland. 

Zelm, Rudolph P., 3740 Carnegie Ave., 
Cleveland. 

Subscribers: 

Averill Dairy Co., Corner Bell & Cedar, 
Akron. 

Cherry-Burrell Corp., 1615 E. 25th St., 
Cleveland. 

Conestoga Cream & Cheese Mfg., Eureka 
& Wood Sts., Lima. 

Esmond Gundlaeh & Co., Box 122, Nor¬ 
wood Sta., Cincinnati. 

Great Lakes Industrial Laby's., 2140 
Jefferson Ave., Toledo. 

Haymes, P. L., 2000 W, 14th St., Cleve¬ 
land. 

Ohio State University, Library, Colum¬ 
bus. 

Procter & Gamble Library, M. A. & R. 
Bldg., Ivorydale. 

Public Library, 325 Superior Ave., N.E., 
Cleveland. 

Ohio Agr. Exp. Sta., Wooster. 

Orrville Milk Cond. Co., Orrville, 

Reiter Dairy Co., 262 Sumner St., Akron. 

Tussing.L. Benton, R. #1, Pickerington. 

United Mills, Inc., Grafton. 

Univ. Hospitals of Cleveland, 2065 Adel- 
bert Rd., Cleveland. 

Associate Subscribers: 

The Dairy Council, 806 U. B. Bldg., Day- 
ton. 

Kommiusk, Harry, White Mt. Cry. Co., 
New Bremen. 
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Lamont, R. A., 156 E. Milner St., Alli¬ 
ance. 

Meyer Dairy Prod. Co., 3051 E. 63rd St., 
Cleveland. 

Verssen, J. A., Plum & Parkway, Cincin¬ 
nati. 

Student Affiliates: 

Bell, Henry, Peninsula. 

Billman, Joseph, Burbank. 

Bowers, John, 2131 Peasley St., Colum¬ 
bus. 

Brakcl, Wm. J., 1576 Neil Ave., Colum¬ 
bus. 

Chaffee, William, 1622 Granville St., Co¬ 
lumbus. 

Cole, Roy, 1634 N. 4th St., Columbus. 

Gingery, Roy, R. #2, Wooster. 

Fisher, William C., 921 Timberman R<1., 
Columbus. 

Glover, Donald W., 2368 Victory Park¬ 
way, Cincinnati. 

Griffin, Raymond G., 97 W. Frambes, 
Columbus. 

Ilarmou, Thomas, 160 W. Mount St., 
Cireleville. 

lleimann, Erwin, 910 Mohawk St., Co¬ 
lumbus. 

Ilornberger, Ralph, 1134 E. Mound, Co¬ 
lumbus. 

Kesselring, Boyd, 32 15th Ave., Colum¬ 
bus. 

Kurjan, Harold, 77 E. Woodruff, Colum¬ 
bus. 

Lnkainp, Ralph, 1540 Wittekiml Ter¬ 
race, Cincinnati. 


McCauley, Robert, Hicksville. 

Mally, E. C., 5015 Pershing Ave., Cleve¬ 
land. 

Mitten, Horace L., Jr., Millersburg. 

Parsons, M. J., 1669 E. 82nd St., Cleve¬ 
land. 

Woodyard, Wayne, Box 427, Washington 
C. II. 

Marcy, Charles, Mt. Sterling. 

Margolin, Abe, 755 Lakeview ltd., Cleve¬ 
land. 

Meeks, Benton, 1555 Elbur Ave., Lake- 
wood. 

Moody, David B., 9344 Gaylord Ave., 
Cleveland. 

Overman, Orton, Gratiot. 

Pfaff, Bernard, 3144 Bethel Road, Co¬ 
lumbus. 

Rippen, Alvin, Ohio State Univ., Colum¬ 
bus. 

Roubal, Elmer, 4246 E. 133rd St., Cleve¬ 
land. 

Schwartz, Judy, Stadium Club, Ohio 
State Univ., Columbus. 

Seen burg, Al, 481 Letch worth Dr., Akron. 

Thomas, Elmer L., Stadium Club, Ohio 
State Univ., Columbus. 

Vohe, Eldon, 144 E. 13th, Columbus. 

Whitford, Floyd W., 1308 Franklin Ave., 
Columbus. 

Williams, Edwin B., 88 E. Northwood, 
Columbus. 

Wilson, C. Ashley, 1669 E. 82nd St., 
Cleveland. 

Wolford, Lawrence, 137 E. Main St., 
Chillieothe. 


Oklahoma 


Members: 

Boehr, John W., Okla. A. &, M. College, 
Stillwater. 

Cave, II. W., Okla. A. & M. Coll., Still¬ 
water. 

Keith, J. I., Okla. A. & M. Coll., Still¬ 
water. 

Kilgore, J. P., Colverts Tee Cream Co., 
Ardmore. 

Kuhlrnan, A. II., Okla. A. A M. Coll., 
Stillwater. 

Little, Lawrence, Box N W, 13th & Inde¬ 
pendence, Okla. Citv. 

McGilliard, P. O., Okla. A. & M. Coll., 
Stillwater. 

Olson, IT. C., Okla. A. & M. Coll., Still¬ 
water. 

Webb, W. R., 1238 South Columbia Ave., 
Tulsa. 

Oregon 

Members: 

Anderegg, Tracy, R. #1, Portland. 

Brandt, P. M., Ore. State Coll., Corvallis. 

Colman^H. M., Ore. State Coll., Corvallis. 

Ewalt, H. P., Corvallis. 


Subscribers: 

Bureau of Dairy Control, 505 Municipal 
Bldg., Okla. City. 

Library, Panhandle A. & M. Coll., Good- 
well. 

Library, Okla. A. & M. Coll., Stillwater. 

Library, Agr. Exp. Sta., A. & M. Coll., 
Stillwater. 

Associate Subscribers : 

Cochran, M. T., P. O. Box 914, 101 E. 
Main St., Oklahoma City. 

Student Affiliates: 

Barnhart, John L., Okla. A. & M. Coll., 
Stillwater. 

Edmundson, Alfred, 321 N. First St., 
Guthrie. 

Sherman, Donald E., 702 S. Dernier St., 
Tulsa. 


George, J. S., 227 N. 9 St., Corvallis. 
Haag, J. R., Agr. Exp. Sta., Corvallis. 
Henry, W. W., 1313 S.E. 12th Ave., Port¬ 
land. 

Jones, I. R., Ore. Agr. Coll., Corvallis. 
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Morse, Roger W., Ore. State Coll., Cor¬ 
vallis. 

Raven, Mrs. E. S., 3300 N.E. Union Ave., 
Portland. 

Stout, Roy E., Ore. State Coll., Corvallis. 
Warren, T. R., 1734 N.E. Halsey St., 
Portland. 

Wilster, G. H., Ore. State Coll., Corvallis. 
Subscribers ; 

Fairview Farms, 5200 N.E. Sacramento, 
Portland. 


Library, Ore. State Coll.. Corvallis. 

Library, 801 S.W. 10th Ave., Portland. 

Student Affiliates: 

Daniel, Wm. J., Jr., 1429 Hill St., Bend. 

Robichaux, R. P., Ore. State Coll., Cor¬ 
vallis. 

Squire, Gray, 718 8.E., 34th Ave., Port¬ 
land. 

Yanke, James II., R. #1, Box 2475, Port¬ 
land. 


Pennsylvania 


Members: 

Adams, James, Penn State Coll., State 
College. 

Anders, Herbert K., Asst. Co. Agent, 
Butler. 

Anderson, T. G., 201 Patterson Hall, 
State College. 

Arthur, Richard R., 37-41 Philadelphia 
Ave., Waynesboro. 

Atkinson, William A., Maple & Ferry 
Sts., Athens. 

Austin, Carlton J., 15 S. 34th St., Phila¬ 
delphia. 

Bass, Lawrence W., Mellon Inst, of In¬ 
dustrial Research, Pittsburgh. 

Beam, A. Leland, State College. 

Bechdel, S. I., State College. 

Borland, A. A., Penn State College, State 
College. 

Bracke, George M., 1345 Forbes St., 
Pittsburgh. 

Bryan, Paul S., Star Route, Perkasie. 

Chambers, Leslie A., Penn Univ., Phila¬ 
delphia. 

Cohee, C. I., 20th & Race Sts., Philadel¬ 
phia. 

Dahle, Chester D., Penn State College, 
State College. 

Deane, Darrell, 250 Ridge Ave., State 
College. 

Poorbaugh, Lee M., R. #3, York. 

Deubler, Dr. E. C., Bucks Co., Newtown. 

DeVincentis, Eugene R., 73 S. Hancock 
St., Wilkes-Barre. 

Dizikes, Jim L., Penn State Coll., State 
College. 

Doan, F. J., Penn State Coll., State Col¬ 
lege. 

FitzGerald, John B., 429 N. Main St., 
Scranton. 

Gearhart, C. R., Penn State Coll., State 
College. 

Geyer, Frank E., Laverock Rd. & Pleas¬ 
ant Ave., Glonside. 

Gifford, C. G., 201 Medical Arts Bldg., 
Pittsburgh. 

Gosser, Harold, 409 Warrington Ave., 
Pittsburgh. 

Greenleaf^ Frederick M., 231 N. 8th St., 
Allentown. 

Grow, Walter, 265 Beech St., Pottstown. 


Ileberlig, G. Wayne, 203 W. Locust St., 
Ephratn. 

Hetrick, John H., 56 S. Main St., Apt. E., 
Ohambersburg. 

Hidinger, Orvis, 205 Times Bldg., Scran¬ 
ton. 

Hinman, Elinor S., N. Walnut St., Spring 
Grove. 

Hood, Kenneth, Penn State Coll., State 
College. 

Horn, David Wilbur, Box 600, Bryn 
Mawr, 

Johnston, H. K., 140 Ilartswick Ave., 
State College. 

Jones, P. D., Penn State Coll., State Col¬ 
lege. 

Josephson, D. V., 247 S. Barnard St., 
State College. 

Judson, Joseph B., Jr., 503 3rd St., 
Franklin. 

Juzi, Wm. II., 3496 N. 3rd St., Harris¬ 
burg. 

Keener, Harry A., Penn State Coll., State 
College. 

Kelly, Thomas, 110 Llandaff ltd., Lla- 
nerch. 

Keyes, Everett A., Penn State Coll., State 
College. 

Kilgore, James, State Hospital, Allen¬ 
town. 

Kohler, Casper, Tioga Co., Gaines. 

Lambert!, Anthony J., 2418 S. Millick 
St., Philadelphia. 

Lang, Julius F., 7806 Ardleigh St., Chest¬ 
nut Hill, Philadelphia. 

Larsen, Hugo J., 238 Maypole Rd., Upper 
Darby. 

Lawhoru, It. K., 5307 Boynton Ave., 
Philadelphia. 

Lear, Samuel A., Penn State Coll., State 
College. 

Merry, Walter C., 1909 River St., Mc¬ 
Keesport. 

Murdock, Fenoi R., Penn State Coll., 
State College. 

Myers, Claude II., 208 New P.O. Bldg., 
Norristown. 

Nageotte, Joe, Penn State Coll., State 
College. 

Olmstead, R. H., Penn State Coll., State 
College. 
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Otto, B. Frank, Camp Homo Rd., Box 
4198, Bellevue, Pittsburgh. 

Parkin, Ivan E., Penn State Coll., State 
College. 

Parthemore, John A., 1101 Oak Lane, 
New Cumberland. 

Penczok, Edward 8., 121-C E. Wayne St., 
Warren. 

Perry, N. A., Penn State Coll., State Col¬ 
lege. 

Pratt, Harold T., 4th & Poplar Sts., 
Philadelphia. 

Rabild, Helmer, Titusville. 

Roland, Charles T., 300 Ross St., Pitts¬ 
burgh. 

Ross, Richard II., Penn State Coll., State 
College. 

Sampey, John J., 238 Lombard St., Phila¬ 
delphia. 

Sauers, Harry E., Hershey Cry. Co., 
Harrisburg. 

Schwartz, Charles, 6315 Monitor St., 
Pittsburgh. 

Sidelmann, 1. O., Penn State Coll., State 
College. 

Stouff, J. Edward, Thorndale. 

Swope, W. D., Penn State Coll., State 
College. 

Visny, John, Glenlock. 

Waltz, R. G., P.O. -Bldg., Norristown. 

Warren, F. G., Penn State Coll., State 
College. 

Welch, R. C., 612 S. 24th St., Philadel¬ 
phia. 

Welch, R. It., 1*01111 State Coll., State Col¬ 
lege. 

Woolman, Henry N., Jr., Cressbrook 
Farm, Devon. 

Subscribers ; 

Bd. of Health, Montgomery Co., Ard¬ 
more. 

Calgon, Inc., 300 Ross St., Pittsburgh. 

Crown Can Co., Erie Ave. & H St., Phila¬ 
delphia. 

Dairy Lab., 23rd & Locust Sts., Phila¬ 
delphia. 

Eaton, Mrs. A. K,, 3041—43 Chestnut St., 
Philadelphia. 

Ellman, Philip, Nat *1 Farm School, Farm 
School. 

Farm Security Adm., U. S. Dept, of Agr., 
Upper Darby. 

H. J. Heinz Co., 1062 Progress St., Pitts¬ 
burgh. 

Inst, of Animal Nutrition, Penn State 
Coll., State College. 

Rhode 

Members : 

Johnston, John F., Health Dept., New¬ 
port. 

Preston, Forest, 1 View St., Providence. 


Agr. Library, Penn State Coll., State Col¬ 
lege. 

Library, TJniv. of Pa., Philadelphia. 

Martin, Eliza J., Bucknell Univ., Lewis- 
burg. 

Free Library of Phila., Middle City Sta., 
Philadelphia. 

Meadow Gold Dairies, Inc., Pittsburgh. 

Penn Dairies, Inc., 572 N. Queen St., 
Lancaster. 

Phila. Coll, of Pharmacy & Science, 43rd 
St. at Woodland & Kingsessing Aves., 
Philadelphia. 

Rieck-McJunkin Co., Hoffman Div., Al¬ 
toona. 

Roshon, Harry B., Ziegler Dairy Co., 
Reading. 

Ruthenberg, Werner, 729 Cypress St.., 
Yeadon. 

Warren, D. M., 244 N. Queen St., Lan¬ 
caster. 

Sterling Milk, Inc., 3330 Peach St., Erie. 

Webster, Walter, 43rd St. Below Wood¬ 
land Ave., Philadelphia. 

Associate Subscribers: 

Baldwin, Dr. Bruce, Duftield & Foulkrod 
Sts., Philadelphia. 

Galliker, Louis, 453 Franklin St., Johns¬ 
town. 

Harbison 7 s Dairies, Front & Diamond 
Sts., Philadelphia. 

Laudenslager, C. M. T., 45th & Parrish 
Sts., Philadelphia. 

Moyer, Dr. V. C., 1523 N. 26th St., Phila¬ 
delphia. 

St. Lawrence Dairy Co., 221 S. 9th St., 
Reading. 

Siekkinen, Uuno, 456 Lorain St.., Sharon. 

S t uden t A Jfiliates: 

Gilchrist, A. A., 909 Eighth Ave., Beaver 
Falls. 

Romane, Charles J., 72 Church St., Pitts- 
ton. 

Russell, Ocrel M., Penn State Coll., State 
College. 

Livak, Chas., 524 N. Burrows St., State 
College. 

Lot./., Louis H., 1422 W. Rockland St., 
Philadelphia. 

Baldwin, Conrad A., Fairfield Terrace, 
Yardley. 

Miller, Graham M., 604 W. Union Blvd., 
Bethlehem. 

Thomas, George W., 8202 FrankBtown 
Ave., Pittsburgh. 

Weber, Myer, Lake Ariel. 

Williams, A., Penn State Coll., State Col- 
lege. • 

Island 

Subscribers: 

Dept, of Milk Insp., Chas. Chapin Hos¬ 
pital, Providence. 

R. I. State Coll., Library, Green Hall, 
Kingston. 

Rumford Chemical Works, Itumford. 
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South Carolina 


Members: 

Caughman, D. H., Chester. 

Brannon, C. C., Thornwell Orphanage, 
Clinton. 

Catheart, S. L., R. #5, Columbia. 

Cushman, C. G., Clemson Agr. Coll., Clem- 
son. 

Goodale, B. E., Clemson Agr. Coll., Clem- 
son. 

Hellams, J. I., Greenwood Cry. Co., 
Greenwood. 

Henry, Vance, Clemson Agr. Coll., Clem¬ 
son. 

Hurley, W. C., State Coll., Orangeburg. 

La Master, J. P., Clemson Agr. Coll., 
Clemson. 

Miller, Paul G., Clemson Agr. Coll., Clem¬ 
son. 


Wise, George H., Clemson Agr. Coll., 
Clemson. 

Subscribers: 

Clomson Coll. Library, Clemson. 

Student Affiliates: 

Arrington, L. R., Box 96, Clemson. 
Balleutine, G. W., Box 287, Clemson. 

Eve, Pinckney, Box 578, Clemson. 
Fenstemaeher, E. R., Box 608, Clemson. 
Ferguson, L. II., Box 773, Clemson. 

Gray, J. Fred, Box 030, Clemson. 

Guess, James B., Box 103, Clemson. 
Johnson, Herbert A., Box 360, Clemson. 
Pugh, William E., Box 3046, Clemson. 
Wheeler, George C., Box 1350, Clemson. 
Young, Edward L., Box 583, Clemson. 


South Dakota 


Members: 

Cave, R. S., S. D. State Coll., Brookings. 
Dougherty, James A., Redfield. 

Haines, A. L., Rapid City. 

Jacobsen, D. H., S. D. State Coll., Brook¬ 
ings. 

Janzen, Harold W., Bowdle. 

Larsen, C., S. D. State Coll., Brookings. 
Mead, Gale E., Valley Springs. 

Olson, T. M., S. D. State Coll., Brookings. 


Totman, C. C., S. D. State Coll., Brook' 
ings. 
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Subscribers: 

S. D. State Coll. Library, Brookings. 
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Student Affiliates: 
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Tennessee 


Members: 

Adams, Frank, Bradyvillc. 

Bynum, W., Southern Dairies, Knoxville. 

Brew, Jamos D., 2023 Terrace Ave,, 
Knoxville. 

Carithers, R. L., Watertown. , 

Clover Dairy Farm, Memphis. 

Edwards, L. 8., Box 419, Nashville. 

Garrecht, Hubert, 1834 Cowden Ave., 
Memphis. 

Harrison, Thos. B., Univ. of Tcnn., Knox¬ 
ville. 

Henderson, H. B., Univ. of Tenn., Knox¬ 
ville. 

Hervey, Marshall C., Univ. of Tenn., 
Knoxville. 

Hinton, S. A., Univ. of Tenn., Knoxville. 

Hutton, C. A., P. O. Box 1071, Knoxville. 

Patton, W. C., Bacon Cry., Louden. 

Reaves, C. W., Agr. Ext. Service., Knox¬ 
ville. 

Rogers, L. R., Security Mills, Knoxville. 

Wilhoite, L. J., Southern Dairies, Box 


269, Chattanooga. 

Wylie, C. E., Univ. of Tenn., Knoxville. 

S ubscribers: 

Amott, A. L., 618 Cotton States Bldg., 
Nashville. 
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Morris, Lynn Z., Box 673, Knoxville. 

Associate Subscribers: 

Anthony Pure Milk Co., Nashville. 

Learned, L. N., Walnut & Beale St., 
Memphis. 

Student Affiliates: 

Faulk, Chester V., 3208 W. Clinch Ave., 
Knoxville. 
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Knoxville. 
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ville. 
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Members: 

Darnell, A. L., College Station. 

Freeman, Theo. R., Texas A. & M. Coll., 
College Station. 
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Station. 


Gieson, Carl, 3911 Holland, Dallas. 
Hanson, F. E., Dept, of Dairy Hush., 
College Station. 

Harmon, Laurence G., Texas Tech. Coll., 
Lubbock. 

Huffman, James, 2411 10th St., Apt. 5, 
Lubbock. 
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Lamb, Arch G., 2019 Loving St., Ft. 
Worth. 

Maddox, W. V., Texas A. & M. Coll., Col¬ 
lege Station. 

Metzger, Jacob, T\ 0. Box 899, Dallas. 
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Houston. 


Adams, N\ C., 44 S. 3rd E., Salt Lake 
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Logan. 

Call, Ara O., 1879 S. Main, Salt Lake 
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Cole, Elvin G., 103 S. State, Salt Lake 
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Fenton, R. L., Southern Utah Dairy, 
Faro wan. 

Gilchrist, Sidney E., 105 S. State St., Salt 
Lake City. 

Hunt, Dalton E., Richmond. 

Jackson, George F., R. #2, Box 201, 
Ogden, 


Texas Technological Coll., Library, Lub¬ 
bock. 
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Houston. 
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Collins, Dr. Mervyn A., United Fanners 
Coop. Cry. Assn., Morrisville. 
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Norton, H. W., Jr., Holstein-Friesian 
Assn, of Am., Brattleboro. 
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Flora, J. Everett, Va. Dairy, Richmond. 
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Richmond. 

Mallory, T. E., Bland. 

Miller, W. C., Garst Bros. Dairy, Roa¬ 
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Renshnw, J. Ralph, Big Stone Gap. 

Thomas Robt. C., IT. S. Pub. Health Ser¬ 
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Port. Angeles. 
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man. 
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West 

Members: 
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Davis, Harvey G., Box 556, Charleston. 
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town. 
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Johnson, Oliver II., Box 822, Issaquah. 
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Spokane Public Library, Spokane. 

State Coll, of Wash., W. W. Foote, 
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Pullman. 
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Pullman. 

Graep, Gerhardt, 1607 Ruby St., Pullman. 

Johnson, Ray P., Rockport. 

Kupka, Andrew, 1200 S. Yakima, Ta¬ 
coma. 

Nesbitt, Joseph F., R. #4, Box 421), Bell¬ 
ingham. 

Olson, Norman T., 1522 W. 50th, Seattle. 

Olsen, Sam Fred, 356 Wheeler, Seattle. 
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man. 
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Subscribers: 
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Klomm, John Earl, 2202 Richland Ave., 
Wheeling. 
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Milwaukee. 
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Madison. 
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Bay. 
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Madison. 

Erekson, Arthur B., 104 Eastman St., 
Plymouth. 
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Ferguson, Lloyd C., Univ. of Wise., 
Madison. 

Feutz, Fred, Dept. Dairy Industry., Mon¬ 
roe. 

Fick, Harold F., Univ. of Wise., Madison. 

Frazier, William C., 742 Miami Pass, 
Madison. 

Friedel, Edw. H., Shefford Cheese Co., 
Green Bay. 

Goergon, John C., Shawano Ice Cream 
Co., Shawano. 

Greene, Howard T., Genesee Depot. 

Hales, M. W., 9015 W. Maple St., Mil¬ 
waukee. 

Hankinson, Cloyce L., 2344 N. Oakland 
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Hardell, Robert, 2234 16th St., Monroe. 

Harris, Robert J., 1112 Racine St., Janes¬ 
ville. 

Harris, Roy T., Dairy Records Office, 
Madison. 

Hart, E. B., Univ. of Wise., Madison. 

Hastings, E. G., Univ. of Wise., Madison. 

Ueizer, E. E., Univ. of Wise., Madison. 

Humphrey, Geo. C., Univ. of Wise., Madi 
son. 

Huntley, E. W., 845 Main St., Racine. 

Ireland, Wra. R., 1222 Munroe Ave., 
Racine. 

Jackson, II. C., Univ. of Wise., Madison. 

Kelly, Frank W., 620 N. 8th St., Mil¬ 
waukee. 

Knoll, Roy P., 1633 N. 13th St., Mil¬ 
waukee. 

Krause, F. W., Meier Ice Cream Co., 
Waukesha. 

Langhus, Willard, Univ. of Wise., Madi¬ 
son. 

Marty, Carl O., Jr., Monroe. 

Mooney, Geo. L., Cheese Exch. Bldg., 
Plymouth. 

Nusbaum, Dave, Univ. of Wise., Madison. 

Peterson, Dr. W. H., Univ. of Wise., 
Madison. 

Phillips, Paul H., Univ. of Wise., Madi¬ 
son. 

Price, Walter V., Univ. of Wise., Madi¬ 
son. 

Pyenson, Harry, 506 Madison St., Lake 
Geneva. 

Rasmussen, Harry, Weyauwega. 

Richardson, J. W., White House Milk Co., 
Manitowoc. 

Rupel, I. W., Univ. of Wise., Madison. 

Rydzewski, George S., 1605 S. 37th St., 
Milwaukee. 

Schmiege, Clement C., Box 145, Oostburg. 

Scott, H. T., Wisconsin Alumni Res. 
Found., Madisbn. 

Schmit, Ray, 2206 N. 30th St., Mil¬ 
waukee. 

Slemmons, Wilbert S., Carnation Co., 
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Sommer, H. H., Univ. of Wise., Madison. 

Stein, Bruno, Shorewood Hills, Madison. 

Stem, Robert M., Univ. of Wise., Madi¬ 
son. 


Thcw, Harvey, 29 Coyne Court, Madison. 

Thompson, Donald I., Abbotts Dairies, 
Inc., Cameron. 

Thomsen, L. C., 3414 Viburnum Dr., 
Madison. 
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son. 
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son. 
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Uselman, W., Galloway-West Co., Fond 
du Lac. 
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Milwaukee. 

Zurhcide, A. W., 819 Michigan Ave., She¬ 
boygan. 
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Hoard's Dairyman, Fort Atkinson. 

Johnston, E, C., Milwaukee. 
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B. C. 
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Nesbitt, G. B., Univ. of Manitoba, Winni¬ 
peg, Man. 
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Peppin, George, Palm Dairies, Ltd., Cal¬ 
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Ont. 
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Sask. 
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ABSTRACTS OF LITERATURE 

BACTERIOLOGY 


1. A Study of the Effect of the Growth of Some Organisms in Milk on 
the Phosphatase Test. Charles Paley, Certified Laboratories, 
Inc., New York City. J. of Milk Techn., 2: 251-253. 1939. 

Tlie organisms B. laclicus, 8. aureus, E. coli (2 strains), Lactobacillus 
acidophilus , Lactobacillus bulf/aricus , 8. lactis , B. subtilis , and 8. albus, 
were studied and found to have no effect upon the phosphatase lest when 
made by either the GiJcmis-Davis modification of the Kay and Graham 
method or by 1 he Seharer method. L.ll.B. 


2. The Sterilizing Quality of Chlorine Solutions Under Different Condi¬ 
tions. F. M. Scales and Muriel Kemp, Sheffield Farms Research 
Laboratory, New York City. A. of Milk Techn., 2: 215-221. 1939. 

The j)U and temperature of a chlorine solution are important factors 
affecting its germicidal efficiency. A pH around 6.0 proved better than one 
around 10.0 or 11.0. In laboratory and plant tests a solution containing 
about 50 p.p.m. of available chlorine at a pH around 6.0 proved to be as 
satisfactory as one containing 2.55 p.p.m. of chlorine at a pH of about 10.0. 
Acid sodium phosphate is satisfactory for use in adjusting the pH. 

A temperature of 90° F. proved more effective than did a lower tem¬ 
perature when the pH of the solid ion was 8.0 or under. 

Two minutes exposure seemed too short for dependable sterilizing action 
when solutions containing 50 p.p.m. available chlorine were used even at acid 
pH values. Five minutes was generally satisfactory. 

Cultures of 8. aureus and mixed cultures were used in the tests. 

L.H.B. 


CHEESE 


3. The Salting and Cooking of Curds in the Manufacture of Several Vari¬ 
eties of Cheeses. J. C. Marquardt, N. Y. State Agr. Exp. Sta., 
Geneva, N. Y. Techn. Hull. No. 670. July, 1936. 

A study has been completed associating the composition and quality of 
five varieties of cheese with variations in salting and cooking methods. 

The study revealed that cheese curds should be salted at a rate based upon 
the milk fat content: of the milk used. 

Cook variation studies added fundamental knowledge useful for further 
investigations dealing with cheese improvement. 

The studj r indicated that comparable milks made into cheese produced 
quality cheeses upon the basis of the cheese variety made, with Cheddar 
first followed in order by granular, Monterey, and brick. 

Al 
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The study indicated that quality and uniformity could not be regularly 
expected when making cheese by the Camosun method from the type of milk 
generally available. J.C.M. 

4. Methods for Determining Salt in Various Cheeses. J. C. Marquardt, 

N. Y. State Agr. Exp. Sta., Geneva, N. Y. Teehn. Bull. No. 249. 

Sept., 1938. 

The reliability of results obtained with the modified Volhard procedures 
for analyzing cheeses for salt has been established for several varieties of 
cheeses. 

A simple procedure is described for rapidly determining by direct titra¬ 
tion the salt percentage in several cheese varieties when less than 5 days old. 

Comparable results were obtained when using potassium chromate and 
dichlorofluorescein as indicators for the direct titration. 

Failure to attain reliable results with certain well-cured cheeses by a 
direct titration method has been studied. The importance of soluble protein, 
time in solution, temperature of solution, and reaction have been reported 
upon. J.O.M. 

5. Methods of Making Cheddar Cheese from Milk with a Low Curd Ten¬ 

sion Due to Latent Mastitis. J. C. Marquardt and G. J. 

IIucker, N. Y. State Agr. Exp. Sta., Geneva, N. Y. .Teehn. Bull. 

No. 242. 1937. 

It is generally agreed that a high quality clieddar cheese cannot be made 
from milk produced by cows with an active mastitis infection. However, 
since the udder tissues of practically all cattle harbor the streptococcus asso¬ 
ciated with the common type of bovine mastitis, the infection exists either in 
a latent or a chronic condition in almost all producing herds. 

This investigation has shown that even where the milk contains demon¬ 
strable numbers of mastitis streptococci and more than 500,000 leucocytes per 
cc., the milk can be made into satisfactory cheddar cheese though it may lack 
in normal curd-formation properties. This was accomplished by the addition 
of 1| to 3 per cent of starter, or by the addition of 30 per cent hydrochloric 
acid at the rate of 100 cc. per 1,000 pounds of milk with a smaller amount 
of starter. 

The study has revealed the necessity and importance of using a test like 
the Marschall cup test in making cheese from milk whose curd tension varies 
from normal. It has been established that after 9 months of curing, Strep¬ 
tococcus agalactiae were present in the cheeses made from the experimental 
milk with a low curd tension. 

Unless even latent or chronic conditions of mastitis are eliminated from 
cheese milk herds or the milk is especially handled during the making, losses 
may be experienced. J.C.M. 
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6. Cheeses of New York State. C. D. Kelly and J. C. Marquardt, N. 

Y. State Agr. Exp. Sta., Geneva, N. Y. Circular No. 174. Aug., 

1937. 

The varieties of cheese made in New York State are briefly described. 

T.S.S. 

7. Pasteurization of Milk for Cheese Making. C. D. Kelly, N. Y. Sta^e 

Agr. Exp. Sta., Geneva, N. Y. Circular No. 175. Aug., 1937. 

Reasons for pasteurizing milk for cheese making from the public health 
and cheese quality aspects are discussed. The development of pasteurization 
in the cheese industry is briefly outlined. Some of the problems encountered 
in making cheese from pasteurized milk are presented. The possible value 
of pasteurization as a means of maintaining uniform high quality in cheese 
is pointed out, T.S.S. 

DISEASE 

8. Mastitis. IV. The Composition of Milk as Affected by Latent Mas¬ 

titis. A. C. Dahlbekg, J. J. Kucera, el. C. IIening and G. eT. 

IIucker, N. Y. State Agr. Exp. Sta., Geneva, N. Y. Techn. Bull. 

No. 239. 1936. 

Earlier investigations indicate that the chemical composition of abnormal 
mastitis milk is quite different from that of milk normal in appearance. More 
recent work indicates that a latent mastitis infection may be present in the 
udder without causing any visible change in the in ilk. The present investi¬ 
gation was undertaken to determine whether there is a demonstrable rela¬ 
tionship between the degree of infection and the chemical composition of milk 
normal in appearance. 

Only cows having udders free from active inflammation and w*hose milk 
w r as normal in appearance were selected for study. These cows were divided 
into three groups, viz,, (A) no demonstrable infection, (B) slight infection 
and (C) pronounced latent infection but milk normal in appearance. 

Composite milk samples of complete milkings from each of these groups 
were submitted to detailed chemical analysis. During the course of the study 
samples of fore-milk from each quarter of each cow were studied by bac¬ 
teriological test to determine the amount of infection present. 

Only slight differences in the chemical composition of the mixed milk of 
these groups were found, regardless of the degree of infection, as long as the 
milk remained normal in macroscopic appearance. The slight differences in 
chemical composition included a decrease in lactose, specific gravity, skim- 
milk solids and curd tension while the chlorides and albumins were slightly 
increased. These changes in composition were not greater than variations in 
chemical composition of milk between two herds of the same breed. 

It is concluded that milk normal in appearance is essentially normal in 
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chemical composition. If no milk is included from inflamed, congested or 
injured quarters, the chemical composition of the milk from a herd will be 
normal in chemical composition. 

It follows that earlier investigations on the chemical composition of 
normal milk were not affected by the possible presence of latent mastitis. 

Authors’ Abstract. 

9. Mastitis. VI. The Effect of Feeding Irradiated Yeast on the Re¬ 

sistance of the Udder to Bovine Mastitis. G. J. Hucker and 

Marion Snyder Reed, N. Y. State Agr. Exp. Sta., Geneva, N. Y. 

Techn. Bull. No. 243. 1937. 

To determine the effect of irradiated yeast on the resistance of dairy cows 
to udder infections, 116 cows in four dairy herds were studied. Fifty-one 
were fed irradiated yeast in the grain mixture. In three herds 9 ounces per 
day per cow and in one herd 44 ounces per day per cow were fed. 

Prior to the beginning of the feeding of the yeast, weekly quarter samples 
from all cows were subject to laboratory examination over a 4-month period 
to determine the amount of mastitis infection present. Examinations were 
made for presence of mastitis streptococci, number of leucocytes per ec., 
reaction to brom thymol blue, and physical appearance of the milk. Subse¬ 
quent to the initiation of the yeast feeding, similar samples were secured for 
approximately 20 months. In all, the observations were made on the experi¬ 
mental herds over a period of 2 years. 

In general the feeding of irradiated yeast was found to have no significant 
effect upon the resistance of the udder to the invasion of mastitis streptococci. 
Depending upon the index of infection used, from 10 to 13 per cent more of 
the infected yeast-fed cows showed an improvement than was found in the 
case of the infected cows not fed yeast. 

No prophylactic effect was found by the addition of irradiated yeast to the 
diet of mastitis-free cows. Authors’ Abstract. 

10. Mastitis. VII. The Relation of Bovine Mastitis to Milk Produc¬ 

tion. G. J. Hucker, Marion Snyder Reed and E. S. Savage, N. 

Y. State Agr. Exp. Sta., Geneva, N. Y. Techn. Bull. No. 244. 

July, 1937. 

The investigation was planned to secure definite information on the rela¬ 
tionship between udder infections and the total amount of milk and milk fat 
produced. Thirty-five cows were studied over a period of 4 years. Fifteen 
of these cows remained free from infection and 3 were infected throughout 
the entire course of the investigation, while 17 became infected during the 
period in which the observations were made. Weekly quarter samples of 
fore-milk were secured from each cow and examined for presence of mastitis 
streptococci, the number of leucocytes per ec., reaction to brom thymol blue, 



DISEASE A 5 

and the macroscopic appearance of the milk. Daily total milk and milk fat 
production records also were noted for each cow. 

Infections of the udder did not affect production as reflected by the per¬ 
sistency in production when the only evidence of infection secured was the 
presence of mastitis streptococci or more than 500,000 leucocytes per ec. in 
the fore-milk. No appreciable effect upon production could be found until 
the infection was sufficiently advanced for the milk to be abnormal in physical 
appearance. 

Latent and chronic mastitis when confined to one quarter did not signifi¬ 
cantly affect production. "When such an infection involved three or more 
quarters significant effects could be noted. The progressive nature of the 
infection causes it eventually to become sufficiently advanced to affect pro¬ 
duction. Advanced infections when confined to one quarter did not affect 
production until the condition became active and the milk was abnormal in 
appearance. 

The percentage of milk fat was not affected independently of the total 
production. Total and milk fat production trends responded similarly to 
the effects of infection. It was also found that slight infections as evidenced 
by presence of mastitis streptococci in the fore-milk or more than 500,000 
leucocytes per ce. did not affect production materially. 

It is concluded that streptococcic infectious of the udder must be suffi¬ 
ciently advanced to make the milk alkaline to brom thymol blue or to show 
evidences of infection by changes in its physical appearance before a material 
effect can be noted on production of milk or milk fat. 

Authors ’ Abstract. 

11. Mastitis. VIII. The Use of a Specially Prepared Vaccine in an At¬ 
tempt to Control Bovine Mastitis. G. J. Hpcker and Paul Arne 
Hansen, N. Y. State Agr. Exp. Sta., Geneva, N. Y. Techn. Bull. 
No. 245. July, 1937. 

A study was made of the possible prophylactic and therapeutic action of a 
vaccine prepared from stock and freshly isolated herd strains of Streptococcus 
agalactiac Lehmann and Neumann. Injections of milk were used in connec¬ 
tion with the vaccines. 

One hundred two animals in four herds were studied over a period of 2 
years, 45 being vaccinated and 57 being retained as untreated controls. 

Weekly quarter samples were secured for 4 to 7 weeks prior to vaccination 
and weekly quarter samples for 3 months and monthly quarter samples for 
approximately 14 months subsequent to vaccination were examined in the 
laboratory for presence of mastitis streptococci, number of leucocytes per ec., 
reaction to brom thymol blue, and physical appearance of the milk. 

It is concluded that vaccines prepared from stock and freshly isolated 
strains, of Streptococcus agalactiae give no evidence of increasing the resis¬ 
tance of dairy cattle to mastitis. 



A6 


ABSTRACTS OF LITERATURE ON MILK AND MILK PRODUCTS 


Similar vaccines were found to have little or no therapeutic action in the 
treatment of latent and chronic udder infeeions. Neither the prophylactic 
nor therapeutic action of this vaccine was stimulated by the use of simul¬ 
taneous intramuscular injections of milk. Authors* Abstract. 

12. Mastitis. IX, The Maintenance of a Herd Free from Mastitis. G. 

J. Hucker and E. S. Harrison, N. Y. State Agr. Exp. Sta., Geneva, 

N. Y. Techn. Bull. No. 246. July, 1937. 

Three experimental herds which included a total of 271 cows were studied 
over a period of 3 years. Weekly quarter samples of fore-milk were examined 
for presence of mastitis streptococci, number of leucocytes per cc., reaction 
to brom thymol blue, and physical appearance of the milk. 

One of the experimental herds, when the studies were inaugurated, con¬ 
tained no animals which discharged streptococci demonstrable by any of the 
methods used; another contained a moderate number; while the third con¬ 
tained a large percentage of infected individuals. The herd with the mod¬ 
erate amount of infection was divided into two sections. In one section the 
cows were milked in order of infection while in the other no effort was made 
to isolate or segregate the infected individuals. 

Under the conditions studied it was impossible to maintain a herd free 
from cows which discharged mastitis streptococci in the milk. The percent¬ 
age of new infections as evidenced by the appearance of mastitis streptococci 
in the fore-milk was proportionately decreased as the amount of infection in 
the herd decreased. In the herd which was relatively free from infection 
when the studies were inaugurated, only 11 per cent of the total cows devel¬ 
oped an infection, while 30 per cent of the cows in the remaining two herds 
developed an infection as evidenced by mastitis streptococci in the milk. 

It proved possible to maintain a herd relatively free from cows which 
produced abnormal milk. 

Thirty-six per cent of all heifers from the experimental herds discharged 
mastitis streptococci in the fore-milk during the first week of lactation. The 
condition of the udder of the dam did not appear to affect the amount of 
infection in the heifer. A relationship was found, however, between the 
amount of infection in the parent herd and the incidence of infection in first- 
calf heifers. Authors* Abstract. 

13. Chronic Mastitis. G. J. Hucker and P. Arne Hansen, N. Y. State 

Agr. Exp. Sta., Geneva, N. Y. Circular No. 147. Oct., 1936. 

A discussion of chronic mastitis, its causes, detection and practical sug¬ 
gestions for its control. T.S.S. 

14. A Study of Milk-borne Epidemics. Paul B. Brooks, State Dept, of 

Health, Albany, N. Y. J. of Milk Techn., 2 ; 168-174. 1939. 
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A study of milk-borne epidemics over a 22 year period in New York State, 
exclusive of New York City, indicates that the majority of outbreaks origi¬ 
nated on the fann. Some specific outbreaks are cited giving causes found. 
The value of pasteurization as a protection is emphasized. L.II.B. 

FOOD VALUE OF DAIRY PRODUCTS 

15. The Nutritional Properties of Milk. C. P. Segard, Wis. Alumni Re¬ 

search Foundation, Madison, Wis. J. of Milk Teehn., 2: '249-251. 

1939. 

A discussion is given of some of the food factors found in milk and their 
nutritional importance. L.II.B. 

ICE CREAM 

16. The Bacteriological Quality of the Ice Cream Supply for a Small 

City. M. W. Yale and R. C. Hickey, N. Y. State Agr. Exp. Sta., 

Geneva, N. Y. Teehn. Bull. No. 248. Sept., 1937. 

With the exception of three or four of the larger cities in New York State, 
but little work is being done by municipalities on ice cream sanitation, and 
knowledge in respect to sanitary quality of ice cream and ice cream ingredi¬ 
ents is quite inadequate. 

A bacteriological study was made of the ice cream supply for a small city 
since it was believed that the results would be of general interest and appli¬ 
cable to the situation in many other municipalities. 

Both total and coliforin counts were determined for 77 process samples 
from 7 local plants, 137 ice cream samples from 12 retail stores, and 36 dipper 
water samples from 18 establishments. Process samples demonstrated that 
either gelatin or color was excessively contaminated at four plants and cream 
at one plant. Freezing equipment was in poor sanitary condition at two 
plants. 

Coliform counts were more sensitive than either standard nutrient agar 
or tryptone agar counts in revealing contamination by ice cream dippers and 
dipper waters which were in poor sanitary condition in the majority of 
instances. 

Three of the 12 manufacturers had all standard agar plate counts of store 
samples of vanilla ice cream under 100,000 per gram. Eight manufacturers 
had an average (logarithmic) standard plate count under 100,000 per grain. 
The average count of 112 store samples was 59,800 per gram, a higher average 
than usually found in cities and states where bacteriological control is exer¬ 
cised. In the case of 9 of the 12 manufacturers, there had* been no previous 
bacteriological control of their product. Authors’ Abstract. 

17. General Retail Store Management. Robert Suttle. Ice Cream 

Trade J., 35: 10, 70. 1939. 
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This is the seventh of a series of articles on retail store management. 
Attention is directed to the importance of an organized personnel with a direct 
line of authority from the general manager to the store supervisor, to the 
store manager, and to the counter salesman. The store supervisor should 
perform the following duties. 

(a) Inventory store periodically. 

(b) Check and analyze the store reports and payrolls. 

(c) Inventory periodically the store equipment. 

(d) Make general inspection of store. W.H,M. 

18. Egg Solids. M. A. Widland and M. J. Mack. Ice Cream Trade J., 

35: 10, 21. 1939. 

The analysis of 7 samples of egg yolk powder showed that the fat varied 
from 30.66 to 61.75 per cent, yolk solids from 33.06 to 90.09, moisture 3.85 
to 6.15, protein from 27.56 to 42, and pH from 5.44 to 6.10. 

Fat determinations were made by using a modification of the Mojonuier 
method. One gram of powder was weighed in a butter boat and placed in a 
dry extraction flask. Ten cc. of alcohol was added and mixed thoroughly. 
Next 25 cc. of ethyl ether was added and shaken, followed by 25 ee. of 
petroleum ether and 2 or 3 cc. of water and thoroughly shaken. The usual 
Mojonnier procedure was followed from this point. 

The moisture was determined by the toluene-distillation method now 
recommended for milk powder. Protein determinations were made by the 
Kjeldahl method. The pH determinations were made with a Leeds-Nortlirup 
potentiometer. The per cent of egg yolk solids present was determined on 
the basis of the lipoid content using Perlman’s method (1933 Ann. Kept., p. 
131, N. Y. S. Dept, of Agriculture and Markets). 

The egg powders were used in ice cream and the following observations 
made. Ice cream containing egg powder was firm when drawn from the 
freezer, withstood heat shocking well, and had a smooth compact appearance 
relatively free from visible air cells. Flavor improvement is dependent on 
the quality of egg products used. Eggs also improved the texture of the ice 
cream. The egg powder blends appear to be of value to the extent that they 
contain egg yolk solids. In order that a manufacturer may comply with 
standards for egg content of custards it is desirable to know the composition 
of the egg product used. W.H.M. 

19. Cost Control. Louis M. Kessler. Ice Cream Trade J., 35: 9, 10. 

1939. 

Cost accounting may be looked upon as an effective tool which will help 
management, reduce costs, eliminate wastes and inefficiencies, and form a 
basis for critically analyzing current costs by comparing them with estimates 
previously set up to indicate what, in the light of good judgment, costs should 
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be at the current volume of production. In almost any system one will find 
the three-fold break down into materials, direct labor, and overhead. 

Effective material control may be maintained by keeping the following 
records: mix and pasteurizing reports; thermometer readings; freezing room 
reports showing quantities of mix frozen and analysis of overrun; hardening 
room reports showing quantities in and out; a check system for products out 
and in by delivery trucks. 

Adequate maintenance is necessary to give information for entries in the 
general accounts, for analysis and distributions, and for social security 
requirements. Time keeping and the handling of payrolls should be kept- 
separate for purpose of internal check. 

The control of overhead began with a break-down of expenses into these 
fixed and variable elements. Fixed expenses are those which are inherent 
in the capacity to produce. They vary little with changes in volume. Vari¬ 
able expenses are those which are incurred as operations begin and which 
vary more or less directly w T ith activity. 

Expense control requires the preparation of a flexible budget with pro¬ 
vision for adjustment to conditions ol* actual activity. A hypothetical case 
is presented by the author to show how the flexible budget works. Control of 
costs can be made effective by watching costs as they come in to see that too 
many unexpected and unwelcome guests do not arrive. This is more effec¬ 
tive than mere standing at the exit to place a price tag of so much per gallon 
on all products as they go out. W.H.M. 

20. Plant Records. Perry E. Piper. Ice Cream Trade J., 35: 10, 35. 

1939. 

The author suggests that mix formulas be kept on small vari-colored ship¬ 
ping tags as a time saver for the mix department. He suggests the testing 
and standardizing of each mix so that the ice cream will meet legal require¬ 
ments. A standardization chart and explanations for standardizing mixes 
are presented in detail. The importance of keeping plant records and main¬ 
taining a laboratory for plant control are emphasized. W.TI.M. 

21. Quick Frozen Foods, The Trend—The Reasons. Anonymous. Ice 

Cream Trade J., 35: 9, 15. 1939. 

This timely article presents the attitude of several ice cream manufactur¬ 
ers ou the frosted food industry. Many feel that it is an opportunity for 
winter as well as summer profit at comparatively little additional overhead. 

W.H.M. 

22. Let’s Face the Facts on Frozen Foods. Charles Q. Sherman. Ice 

Cream Trade J., 36: 8, 8. 1939. 

Shis article points out some of the pitfalls ice cream manufacturers should 
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avoid if they are to succeed in the frosted food industry. Dealers should 
not be exploited by selling them equipment which is not needed, rather they 
should be shown how to care for their equipment and the products which they 
sell from it. W.H.M. 


23. How to Figure Overrun in Ice Cream. B. I. Masurovsky. Ice 
Cream Trade J., 38: 8, 39. 1939. 


Two examples of how to figure overrun in fruit ice cream are presented. 
Assuming that 600 gallons of ice cream mix were used to manufacture straw¬ 
berry ice cream, and 60 gallons of strawberry fruit and juice were incor¬ 
porated in the finished ice cream—how much overrun was obtained when the 
yield was 1200 gallons of strawberry ice cream ? 


Example I: Solution: (.1) 600 plus 60 equals 660 gallons of basic mate¬ 
rial (ice cream mix plus fruit). 

(2) 1200 minus 660 equals 540 gallons overrun. 


(3) 


540 x100 
660 


81.8% overrun. 


Proof: Step I 660 gallons of basic material weighs 660 x9 = 5940 
lbs. 

Step II Since 1200 gallons of finished strawberry ice 
cream weigh 5940 lbs., the weight per gallon of 
this ice cream is 4.95 lbs. 

Step III Overrun by weight in this case is 

9 - 4.9,') = 4.03 or —81.8% (overrun). 

T.t/O 


Example II. Step I 1200 gallons of ice cream less the 60 gallons of 
strawberries would give 1140 gallons as the actual 
figure to be used in calculating the overrun due to 
the ice cream mix only. 

Step II 1140 minus 600 equals 540 gallons of overrun. 

ni TTT 540x100 

Step III -— = 90% overrun. 

bUU 

W.H.M. 


24. Bacteria of the Colon-Aerogenes Group on Nut Meats. Morris 
Ostrolenk and A. C. Hunter, Food and Drug Adm., U. S. D; A., 
Washington, D. C. Food Research, 4: 5, 453. Sept.-Oct., 1939. 

Nut meats in the unbroken shell are free of the coliform bacteria. Various 
nut meats purchased on the retail market contained E. coli in from 4 to 45 
per cent of the samples. Various nut meats obtained from domestic shelling 
plants contained the organism in from 6 to 68 per cent of the samples and 
imported nut meats in from 14 to 62 per cent of the samples. Five hundred 
and forty-eight samples of nut meats representing 11 varieties were examined. 
When large numbers of E. coli are present correspondingly large numbers 
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of Arobacter aerogenes and intermediates are found. Artificially contami¬ 
nated nut meats stored at room temperatures contained viable E. coli organ¬ 
isms for approximately 68 days. F.J.D. 

25. Preparation and Use of Low-Lactose Milk. P. II. Tracy and W. J. 

Corbett, I)ept. of Dairy Husbandry, Univ. of HI., Urbana, Ill. 
Food Research 4: 5, 493. Sept.-Oct., 1939. 

This report is similar to that published by Corbett (Ice Cream Review 
22: 6: 34, Jan. 1939) and reviewed as Abstract 189, J. Dairy Sc. 22: 4, A77, 
1939. F.J.D. 

26. Trends in Ice Cream Costs. Tut. Ass’n of Ice Cream Mfrs., Washing¬ 

ton, D. C. Special Bull. No. 62. Oct., 1939. 

This bulletin contains an analysis of ice cream expenses, based on data 
for 1938. The data show that four expense classifications make up over 
three-fourths of tlie total expense: first, products, 39.05 per cent; second, 
labor, 22.79 per cent;; third, supplies, 9.41 per cent; and fourth, depreciation, 
6.85 per cent. Products cost for 1938 was at the lowest level in three years. 

The trend in costs is given for the period 1934 to 1938, inclusive. Over 
this period, the products cost increased yearly, until 1938 when a decrease 
occurred. Manufacturing, delivery, selling and total costs were high in 
1934 and 1935, lower in 1936 and 1937, and iri 1938 increased somewhat 
toward the 1 ‘134-1935 level. The main reason for these changes in costs is 
the variation in the volume of ice cream produced. 

Another interesting fact is the phenomenal growth of specialties. In 
1925, 3,082,485 gallons of ice cream were sold as cups, specialties, ice cream 
on a stick, etc. In 1937 this had increased more than ten times, or to 
33,940,094 gallons. M.J.M. 

27. Report of Committee on Laboratory Methods. A. H. Robertson, 

State Dept, of Health, Albany, N. Y. J. of Milk Techn., 2: 184- 
187. 1939. 

It was deemed unwise to adopt officially any of the Babcock modifications 
for testing ice cream for fat. There is, however, a need for a rapid sorting 
test, whereby all samples could be examined and those approaching, or below, 
the statutory standards could then be further examined by the official Roese- 
Gottlieb method. 

Three tests are listed for this purpose, as follows: 1. Pennsylvania, or 
Doan, 2. Fueoma, or Gerber, 3. Illinois, or Garrett-Overniiyi. 

L.H.B. 

28. Report of Committee on Ice Cream Sanitation. F. W. Fabian, Mich. 

State College, East Lansing, Mich. J. of Milk Techn., 2: 193-196. 
1939. 
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It is the committee’s opinion that frosted malted milk, or any other similar 
frozen desert should be labeled imitation ice cream. 

Although different methods for controlling overrun in ice cream are in 
use in different states, a stipulation of the minimum weight per gallon in 
terms of food solids per gallon (1.6 lbs. food solids per gal.) seems to be the 
method most generally adopted. 

The same sanitary requirements for paper containers in the milk industry 
should also apply for those used for ice cream. 

Twelve states now have maximum bacterial standards for ice cream rang¬ 
ing from 75,000 to 500,000 per gram or cubic centimeter. L.H.B. 

29. A Note on Ice Lump Formation in Ice Cream Frozen in Continuous 

Freezers. David Levowitz, New Jersey Dairy Laboratories, New 
Brunswick,'N. J. J. of Milk Techn., 2: 188-190. 1939. 

It was found that ice cream frozen in continuous freezers sometimes con¬ 
tains small lumps of ice. This was found to be true when machines were 
adjusted for low overruns. As overrun was lowered, the ice cream became 
more and more moist, and finally ice lumps appeared. 

In one plant the mix gave a perfectly dry surfaced ice cream down to 90 
per cent overrun. Below that it became increasingly moist down to 60 per 
cent where small ice lumps became noticeable, becoming increasingly large 
as overrun was reduced. When a portion of this ice cream was diverted 
through the fruit injector assembly the ice cream drawn from the fruit feeder 
at 90 per cent overrun showed small ice lumps, which became increasingly 
large as overrun was decreased. At 50 per cent overrun ice lumps were as 
large as puffed rice grains. 

The total solid content of the mix is a factor. Increasing the total solids 
content of a specific mix in any manner delayed the appearance of ice lumps. 

L.H.B. 

30. Multi-Stage Ammonia Compression Systems for Low Temperature 

Work. Ralph V. Grayson, Quick Freezing, Houston, Texas., and 
H. L. Fischer, Vilter Mfg. Go., Houston, Tex. Ice Cream Refrig., 
95: 2, 80. 

The authors point out the advantages of using multi-stage ammonia com¬ 
pression systems in an ice cream plant. The possibility of carbon deposits 
in the cylinder head is greatly reduced. Machines will last longer and upkeep 
is less. The two stage machine requires from 25 to 30 per cent less power 
than a single stuge machine of the same capacity. Where extremely low 
temperatures are desired a three stage machine may have advantages. Where 
multi-stage machines are used inter-coolers should be installed. For quick 
freezing plants the refrigeration plant costs per unit capacity become less as 
the size of the plant increases. A three stage refrigerating installation for a 
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plant of 500 lbs. hourly freezing capacity is $34 per- pound. A 1000 lb. 
plant costs $24 per pound. A 1500 lb. plant costs $20 per pound. A 2000 
Jb. plant costs $19 per pound hourly capacity. L.C.T. 

MILK 

31. Comparative Fairness of Single Can and Weigh Vat Samples of 

Milk for Bacterial Counts as a Basis of Premium Payments tQ 

Grade A Dairymen. M. W. Yale and Robert S. Breed, N. Y. 

State Agr. Exp. Sta., Geneva, N. Y. Teehn. Bull. 673. July, 1936. 

In a comparative study of the fairness of single can and weigh vat 
samples for bacterial counts as a basis of premium payments to dairymen, 
1,100 samples were collected from 178 dairies at three grade A plants at 
Cortland and Homer, N. Y., in December, 1934. In a second study in April, 
1935, 197 samples were taken from 49 dairies at one of the above plants. 

Premiums will occasionally although rarely, be lost due to contamination 
of the vat sample with milk from a preceding dairy. If no cans of milk 
with a bacterial count exceeding 100,000 per cc. were received at grade A 
plants, contamination from residual milk would almost never result in 
premium losses. Whether or not a change in the system of sampling would 
affect total premium returns to grade A dairymen could not be determined 
from the studies, but the results indicated that the vat sample does not favor 
either the producer or the milk company. 

Since the weigh vat sample is much more representative than a single 
can sample and since no other practical method of taking composite samples 
of grade A dairies exists at present, vat sampling is a desirable procedure. 

Authors 1 Abstract 

32. The Individuality of the Solids-Not-Fat of Milk. Folke Jarl. 

Zschr. f. Tierziicht. u. Ziichtungsbiol. 43: 3, 350-361. 1939. 

The data in Illinois Agricultural Experiment Station Bulletin No. 325 
when analyzed show that significant differences exist between different cows 
in the content of protein and also in the content of lactose in their milk, 
even after allowance is made for the correlation of those with fat percentage. 
There were also individual differences in the regression of these constituents 
on fat percentage. There was a slight negative correlation between the 
regression of protein on fat and the regression of lactose on fat. J.L.L. 

33. Annual Committee Reports. Association Bull. Intern. Assoc. Milk 

Dealers. 32nd year: No. 1, pp. 1-35. 1939. • 

Activities of the 1938-1939 year are reported by the following committees, 
accident prevention, accounting advisory, laboratory methods, legislation, 
membership, milk definitions and standards, public relations, sales and ad¬ 
vertising section, simplified practice and transportation. E.F.G. 
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34. The Flavor of Milk. N. Y. State Agr. Exp. Sta., Geneva, N. Y. Cir¬ 

cular No. 167. August, 1936. 

The flavors of milk are discussed under the following headings; “Flavors 
of milk as secreted by cows, ” and 4 * Flavors which may develop in milk. *’ A 
list of points to observe to insure fine-flavored milk are appended. T.S.S. 

35. Measuring the Bacteriological Quality of Milk. C. K. Johns, Sci¬ 

ence Service, Dominion Dept, of Agriculture, Ottawa, Ontario, 
Canada. J. of Milk Techn., 2: 175-180. 1939. 

The value of the various tests for determining the bacterial content of 
milk are discussed. It is pointed out that no one test will give all the 
information desired. 

The plate count even when using a more suitable medium or lower in¬ 
cubation temperature will not indicate the true number of bacteria present 
in milk. 

The methylene blue reduction test and the resazurin test have the ad¬ 
vantage of rapidly detecting poor quality milks. They are both sensitive 
to the state of activity of the organisms present, but they do not indicate 
the source of the contamination. For this purpose the direct microscopic 
examination excels. L.H.B. 

36. Educational Methods in Relation to Milk Sanitation. II. S. Adams, 

Dept, of Health, Flint, Mich. J. of Milk Techn., 2: 162-167. 
1939. 

Some educational methods which have been found valuable and effective 
in milk control work are cited. < L.H.B. 

37. Testing of Bottle-Washing Solutions. C. M. Moore, The Diversey 

Corporation, Chicago, Ill. J. of Milk Techn., 2; 227-235. 1939. 

Five methods are sometimes used for testing the strength of bottle 
washing solutions. They are hydrometer, total alkalinity, free caustic, pH, 
and conductivity tests. 

When measuring the relation of strength of solution to germicidal action, 
the test for free caustic has the greatest value. 

Tests for the germicidal efficiency of alkaline materials on different 
organisms at different temperatures are reported. L.H.B. 

38. A Method for Checking the Holding Time in Short Time High Tem¬ 

perature Pasteurizers. D. M. Roger, Laboratory Dept., The Bor¬ 
den Farm Products Co., Brooklyn, N. Y. J. of Milk Techn., 2: 
191-192. 1939. 

A simple and accurate method for checking the holding time of a short 
time high temperature pasteurizer is to inject a saturated sodium chloride 
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solution into a stream of water entering the holding chamber. At this point 
a pair of electrodes connected with a circuit joining dry cells and a microam- 
raeter are located. Another pair of electrodes connected in a similar man¬ 
ner are also located at the outlet of the holding chamber. As the salt 
solution passes these electrodes, there is a sharp deflection of the ammeters. 
A stop watch is started when the first ammeter is deflected and stopped 
when the second ammeter is deflected; thus the actual holding time is easily 
checked. The hookup is illustrated by a diagram. L.H.B. 

39. Pasteurized Cream Production Coordinated with Simultaneous Milk 

Processing. W. B. Palmer, Milk Inspection Association of the 

Oranges and Maplewood, N. J. J. of Milk Techn., 2: 212-214. 

1939. 

Cream separated from properly pasteurized milk which has been 
properly handled to prevent contamination is equally as good as that 
pasteurized subsequent to separation; and less equipment and expense are 
involved. 

A system is described whereby pasteurized milk may be by-passed to the 
separator when bottling pints and half-pints without necessitating a reduc¬ 
tion of the flow from the vat. 

A table giving bacterial counts of the cream and of the milk from which 
it was separated is presented. L.H.B. 

40. The Use of the Phosphatase Test by New York City. John L. Bice, 

Commissioner of Health, New York City. J. of Milk Techn., 2: 

181-183. 1939. 

The modified phosphatase test has proven to be of inestimable value in 
controlling the efficiency of pasteurization. 

This test was adopted as a routine procedure in the New York City 
Health Department in March, 1937, and more than 100,000 determinations 
have been made. 

When first used about 1.5 per cent of all samples showed evidence of 
gross irregularities in pasteurization. Within a few months, such irregular¬ 
ities were greatly reduced, and during the past year none have been 
found. 

During the first three months that the tests were routinely used 6.6 per 
cent of the samples showed slight irregularities in pasteurization. At 
present minor irregularities are found in only about 2 per cent of the 
samples, and most of these are found in cream samples. * L.H.B. 

41. A Comparison of Plate Counts of Raw Milk on the Old Standard 

Nutrient Agar and on the New Tryptone-Glucose-Extract-Milk 

Agar. C. A. Abele and S. R. Damon, Ala. State Dept, of Health, 

Montgomery, Ala. J. of Milk Techn., 2: 222-226. 1939. 
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Results obtained on 1,000 samples of raw railk, slightly over 50 per 
cent of which were of raw milk distributed at retail and the remainder of 
milk intended for pasteurizing, indicated that it was impossible to approxi¬ 
mate the precentage of deviation in counts obtained on the two mediums. 

There was an increase in count on the new medium over the old in 70.4 
per cent of the cases; 7.0 per cent remained unchanged, and in 22.6 per cent 
there was a decrease. 

The number of instances in which the higher count obtained on the new 
medium would have effected the grade of retail raw milk was only 7.4 per 
cent and of milk intended for pasteurization was only 2.6 per cent. About 
one-third of these retail samples and nearly two-thirds of these samples 
intended for pasteurization were very near the limit on the old medium. 

The limits used were those set by the U.S.P.H. ordinance of 50,000 for 
grade A raw milk and 200,000 for raw milk intended for pasteurization in 
the upper grade of pasteurized milk. 

Results do not indicate a need for changing plate count limits now in 
use. L.H.B. 

42. Application of Resazurin Test in Determining Quality of Raw Milk 
and Cream. M. A. Collins, Ij. M. White, W. II. Turner, Jr. and 
J. R. Rice, Quality Control Div., United Farmers Coop. Creamery 
Assn., Boston, Mass, and Morrisville, Vt. J. of Milk Teehn., 2: 
236-244. 1939. 

Tests indicate that the resazurin test can be applied at different labora¬ 
tories with uniform results when methods are standardized. It was indi¬ 
cated that fairly uniform agreement could be obtained by several workers 
in reading the tests at an intermediate pink color (pronounced pink but not 
a vivid pink) and thus make the test more useful. 

Comparative tests were made on raw patrons’ milk, tank car shipments 
of milk and on vats of raw cream using the resazurin test to pink and to 
white, the methylene blue test, the direct microscopic count and the agar 
plate count. 

One ml. of 0.005 per cent resazurin solution was mixed with 10.0 ml. of 
milk or cream. 

The reduction time for resazurin to white and methylene blue to white 
were approximately equal. The reduction time for resazurin to pink was 
about two-thirds the reduction time of methylene blue on tank car ship¬ 
ments. On patrons’ milk it was approximately one-half the methylene 
blue reduction time. There was a high agreement between the resazurin 
test to pink and the methylene blue test in selecting both poor and good 
quality milks. A resazurin test to pink in three hours is equivalent to a 
5.5 hour methylene blue test. 

Patrons’ milk having a resazurin test to pink in three hours or more was 
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found to have a bacterial count of less than 400,000 per ml. Five to six 
hours indicate less than 100,000 per nil. L.H.B. 

43. Requirements of Farm Electric Milk Coolers. John E. Nicholas, 

Penn. State College. lee and lief rig., 95: 5, 324. 

This paper presents a discussion of the types and construction as well 
as performance of various farm electric milk coolers. The author sum- 
marizes the principal requirements of a farm electric milk cooler as fol¬ 
lows :— 

1. Cool the milk rapidly. 

2. Cool the milk uniformly. 

3. Provide water agitation for rapidity and uniformity of cooling. 

4. All operating features should be automatic. 

MISCELLANEOUS 

44. A Portable Calorimeter for Small Compressors. D. D. Wile. Ice 

Cream Trade J., 36: 8, 32. 1930. 

A portable calorimeter for small compressors, which overcomes many of 
the disadvantages of other equipment used for this purpose, is described. 
The instruments are mounted on a frame which rests on casters for easy 
portability. The various instruments in the panel are: 

1. Suction gage. 

2. Discharge gage. 

3. Watt hour meter for motor. 

4. Watthour meter for heater. 

5. Pressure gage for secondary refrigerant. 

6. Pressure control for secondary refrigerant. 

7. Sight glass for liquid feed line. 

8. Control switches and plug receptacles. 

9. Mercury column for suction pressure. 

10. Thermocouple jack. 

11. Adjusting knob for expansion valve. W.H.M. 

45. Highway Transportation Re-makes America. National Highway 

Users Conference, National Press Bldg., Washington, D. C. Sept., 
1939. Also available from the Int. Ass’n of Ice Cream Mfrs., 1105 
Barr Bldg., Washington, D. C. 

This comprehensive review of the use of highways and the problems now 
existing in highway development should be of interest to those engaged in 
the transportation of dairy products. M.J.M. 

46. Accounting for Fixed Assets. O’Neal M. Johnson, Int. Ass’n of Ice 

Cream Mfrs., Washington, D. C. Special Bull. No. 61. Sept., 
1939. 
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This is a treatise explaining why fixed asset accounting is necessary and 
how it may be accomplished. A supplement is included which deals with 
depreciation accounting for income tax purposes. M.J.M. 

47. Refrigerated Food Locker Plants. V. II. Motz, Jefferson Ice Com¬ 

pany, Chicago, Ill. Ice and Refrig., 95: 6, 446. 

It is estimated that there are about 2,800 locker plants in operation with 
50 new ones added monthly. There are 1,000,000 lockers in use with each 
locker having an annual storage usage of 500 pounds. The following facil¬ 
ities are advisable: Receiving room, chill room maintained at 32° to 36° F 
and 85 to 90 per cent relative humidity, holding or aging room maintained 
at 32° to 36° F and 80 to 85 per cent relative humidity, freezer room at 
- 5° to -15° F and locker room at 5° F. Under ordinary conditions products 
may be stored as follows: Fresh pork, 3 to 4 months; beef, 6 months; lamb, 
6 months; poultry, 6 months; vegetables, 3 to 4 months; fruits in syrup, 12 
months. Layouts of plants are included in the discussion. Data on cost 
of construction is included. Charts on operating costs are presented. 

L.C.T. 

48. The Cold Storage Locker Plant—Features of Design and Heat Load 

Analysis. A. G. Vogel, Rempe Go., Chicago, Ill. Ice and Refrig., 

95: 6, 444. 

Rooms are most satisfactory when 10 feet high. Lockers arc usually 17" 
high x 20" wide x 30" long and are arranged in tiers five lockers high with 
aisles 3 feet wide, and 2 or 3 inches space between lockers and walls for cir¬ 
culation. This is equivalent to approximately 81 square feet of floor area per 
tier of lockers. The required heat load is equivalent to about 187 B.T.TT. per 
hour for each stand of lockers. To maintain the locker room at 10° F with 
suction gas at -10° F there should be 10$ lineal feet of 1J" standard wrought 
steel pipe. The freezing room area should equal at least 30 per cent of locker 
room area. The heat load is about 31 B.T.U. per locker. If one half of 
the piping is used as shelving the number of lineal feet may be reduced 20 
per cent. The area of the chill room should not be less than 25 per cent of 
the locker room. The heat load is equal to about 22 B.T.TT. per loeker. Unit 
coolers are best for this room and should be operated at air velocities which 
do not exceed 30 feet per minute. All heat loads noted are for machine 
operation of 16 hours out of 24. All rooms should be insulated with the 
equivalent of 8" of cork. L.C.T. 

« 

49. Some Indicating and Recording Instruments Indispensable in Re* 

frigeration. Charles H. Herter. Ice and Refrig., 95: 5, 326. 

The author lists the types of instruments and their location and inter* 
pret&tion in connection with refrigeration systems. Pressure gauges should 
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be checked yearly for accuracy. If the amount of water used and the 
temperature rise in the condensing water is known the refrigerating 
capacity can be estimated by assuming that 250 B.T.U. per minute are 
absorbed per ton capacity. The ^temperature of liquefaction should be 
within 5° P of that of the water leaving the condenser. The temperature 
of the gas entering the compressor as well as its discharge temperature 
should be determined. All rooms should be provided with thermometers* 
Several types of humidity measuring instruments are described. Where 
installations are large enough recording equipment is recommended. 

L.C.T. 

50. The Rise of Cold Storage Lockers and Locker Plants. P. Edwin 

Thomas. Ice and Refrig., 95 : 4, 289. 

The author presents a brief outline of the development of the locker 
system and surveys the possibilities and probable future expansion. A 
very able discussion of the advantages of the cold storage locker system is 
included. A general plan of a locker plant is given. A table of cost of 
operation for a 320 locker plant is included and is placed at $6,077.80 per 
year when operated independently of any other business. This includes, 
of course, all servicing and processing charges; so that the actual locker 
rental need not exceed $10.00 or $12.00 per year. L.C.T. 

51. Stack Effect—The Missing Variable of Bunker and Coil Design. 

IIal Weir McPherson. Ice and Kef rig., 95 : 2, 95. 

Data comparing stack coils and bunkers for use in refrigeration and air 
conditioning is given. The author likewise includes considerable informa¬ 
tion from a technical standpoint concerning the theory of heat exchange. 

L.C.T. 

52. Absorption Refrigeration, J. (\ Bertsch. Ice and Refrig., 95 : 4, 223. 

The author traces briefly the patent history of absorption refrigeration 
system and presents diagrams of several of the leading makes, together with 
a description of their operation. L.C.T. 

53. Automatic Controls—Results Obtained from Their Modern Applica¬ 

tion. W. E. Zieber, York Ice Machinery Corp., York, Pa. Ice 

and Ilefrig., 94: 3, 114. 

Various controls are classified and described. Three systems are men¬ 
tioned, namely, direct acting, air operated, and electrically operated. A 
number of application diagrams are included showing the location of auto¬ 
matic devices. L.C.T. 
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ABSTRACTS OF LITERATURE 
BACTERIOLOGY 


54. Results of Bacterial Plate Counts of Milk on Three Media and at 
Two Temperatures of Incubation. C. A. Abele, State Dept, of 
Public Health, Montgomery, Ala. Am. J. Pub. Health, 29: 8, 821, 
1939. 

The author, acting as referee of a committee on Standard Methods for 
the examination of milk and dairy products, analyzed data obtained by 
seven public health laboratories. A total of 335 milk and cream samples 
was plated on the old standard agar, tryptone-glueose-extraet-skim milk 
agar (standard since July 1, 1939), and the American Association of Medi¬ 
cal Milk Commissions agar, the plates were then incubated at 32° C. and 
37° C. 

The results of this study parallel those of other studies conducted, and 
corroborate the conclusions drawn therefrom. The use of the new T-G-E-M 
agar usually resulted in an increase over the plate count on the old stand¬ 
ard nutrient agar and also, in general, yielded slightly higher counts than 
the American Association of Medical Milk Commissions agar. 

Incubation at 32° C. in combination with the use of the modified agars, 
resulted in increases in plate count of considerably greater magnitude than 
were obtained by the use of these agars and incubation at 37° C. 

M.W.Y. 


BUTTER 


55. Handling Cream between Pasteurizer and Churn. O. F. IIunziker. 

Can. Dairy and Ice Cream J., 18: 8, 53, 1939. 

The more important factors which contribute to the development of oily- 
metallic flavor in butter are (1) high acid cream, (2) high fat cream, (3) 
high temperature of pasteurization, (4) prolonged holding after pasteuriza¬ 
tion and cooling, ami (5) the presence of metallic* salts. Overworking de¬ 
creases deterioration due to bacteria but increases that deterioration due 
to chemical action such as oxidation. Excessive washing of butter washes 
out some of the desirable flavor and jeopardizes the keeping quality. Chlo¬ 
rination of the wash water to make it sterile is suggested. O.F.G. 


56. Preserving Cream with Salt. C. II. Castell and E. II. Garrard. 

Can. Dairy and Ice Cream J., 18: 7, 19, 1939. 

The addition of 1 to 5 per cent by weight of salt to 35 per cent cream 
maintained at 77° F. had little or no effect but both No. 1 cream and ac¬ 
cumulated cream to which 7 per cent salt was added and which was stored 
at various temperatures showed less acid production and better keeping 
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qualities than normal cream under the same conditions. The presence of 7 
per cent salt considerably inhibited the growth of lactic acid bacteria and 
oxidizing types of organisms but had little effect on the total number of 
bacteria at the end of 8 days storage. Butter made from cream to which 7 
per cent salt had been added showed a better flavor score than butter made 
from normal cream held at considerably lower temperatures. O.F.G. 

CHEESE 

57. Pasteurization of Milk for Cheesemaking. J. (1. Davis. Can. Dairy 

and Ice Cream J., 18: 8, 21, 1939. 

Milk is pasteurized for cheesemaking for the following reasons: (.1) to 
destroy fault-producing bacteria, (2) to give a more uniform product, and 
(3) to increase yield. The high-temperature short time method has the 
advantages of being a continuous process and requires little space. A tem¬ 
perature of 162° F. for 15 seconds is recommended. Ripening to a typical 
high flavor is slowed by pasteurization. Pasteurization does not become an 
incentive to use poor quality milk. Very few deleterious effects eau be 
attributed to pasteurization if correctly done, O.F.G. 

CONCENTRATED AND DRY M ILK: BY-PRODUCTS 

58. A New Name for Dry Milk Solids. Anonymous. Am. J. Pub. Health, 

29: 10, 1155, 1939. 

The concluding paragraph of this editorial states, "Because of the pres¬ 
ent wide use of dry milk solids and the unfortunate connotations of the 
words 'skim’ or 'skimmed* in the public mind, it lias been suggested that 
official designations of this product be changed from 'dried skimmed milk* 
to ‘dry milk solids not over 1£ per cent fat*, a definition which already has 
been adopted in two or three states. Since this terminology would permit of 
accurate and truthful labelling of a wholesome product, and would tend to 
remove the popular misconception about the real value of skimmed milk, the 
proposed new definition vseems reasonable and deserves favorable consid¬ 
eration.” M.W.Y 

DISEASE 

59. Second Report of the Use of Large Doses of Sulfanilamide in the 

Treatment of Chronic Streptococcal Mastitis. W. T. Miller, 
F. M. Murdoch, and J. 0. Heishman, Animal Disease Station, 
U. S. Bureau of Animal Ind., Beltsville, Md. J. Am. Vet. M. Assn., 
95: 749,140, Aug., 1939. 

Each of three lactating cows received large doses of sulfanilamide for a 
period of six days in an attempt to cure chronic streptococcal mastitis. The 
streptococci were not removed permanently from the udders of the cows, 
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but temporary removal of these organisms from the milk was observed. The 
cows showed little ill effect from the treatment, except for a temporary de¬ 
crease in milk production and some loss of weight. The authors state that 
sulfanilamide can hardly be considered of value in treatment of chronic 
mastitis caused by streptococci but observed that sulfanilamide appeared to 
have a transient inhibitory action on the streptococci in the udder, suggest¬ 
ing a possible use for it in the treatment of acute attacks of mastitis due to 
these organisms. J.W.W. ‘ 

60. Outbreak of Staphylococcus Milk Poisoning in Pasteurized Milk. 

John F. Hacklek, Payne County Health Unit, Stillwater, Okla. 

Am. J. Pub. Health, 29: 11,1247, 1939. 

Epidemiological investigation revealed that all of the 29 cases liad drunk 
varying amounts of milk produced by one local pasteurizing plant. * ‘Poten¬ 
tially toxic staphylococci” were isolated from samples of milk causing ill¬ 
ness and upon which the phosphatase test revealed adequate pasteurization. 
The author concludes, therefore, that contamination occurred after pasteur¬ 
ization and presumably during the processes of bottling and capping, which 
were done by hand. M.W.Y. 

61. Tuberculous Infection Due to Milk. Anonymous. Am. J. Pub. 

Health, 29: 10, 1154, 1939. 

This editorial is based on an outbreak of an acute epidemic of tubercu¬ 
losis in Horred, Sweden, which was traced to a single cow with tuberculosis 
of the udder. The herd was under a state organization whose object was 
the prevention of tuberculosis in cattle in an infectious form and the herd 
bad regularly received veterinary inspection. It is clear that clinical ex¬ 
amination of cattle to detect tuberculosis is not to be wholly depended upon 
and the necessity of pasteurization has been shown in a striking manner. 

M.W.Y. 

62. A Practical Method of Herd Management to Combat Mastitis. G. E. 

Dix. Can. Dairy and lee Cream J., IS: 7, 57, 1939. 

This article describes the methods used on a grade A milk farm in elim¬ 
inating mastitis from the herd. The predisposing causes of mastitis are 
listed as (1) chilling of the udder, (2) injuries to the udder, and (3) injec¬ 
tions of the udder. The importance of a carefully controlled routine in 
milking is emphasized and specific procedures are given. O.F.G. 

63. Chronic Mastitis of the Dairy Cow. E. G. Hastings; ct ah, Committee 

on Bacteriological Problems. Assoc. Bull., Intern. Assoc, of Milk 

Dealers, 31st year: 14, 1-27,1939. 

This bulletin is a revision of a similar report published in 1936. Its pur¬ 
pose is to present such a summary of the present knowledge of this subject 
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as will help the milk dealer in his relations with producers and consumers 
of milk and with regulatory agencies to meet the various problems which 
mastitis presents. After a general statement with respect to the importance 
of mastitis the causes, incidence and effect of mastitis on milk production 
are discussed. The decrease in sugar, casein, soluble calcium and acidity 
are noted as well as the increase in the chloride content. In the fluid milk 
industry mastitis has an aesthetic significance which should not be lost sight 
of. In the cheese industry there is abnormal action toward rennet. Mas¬ 
titis milk does not ordinarily constitute a serious health hazard. Standards 
by which the degree of severity of involvement may be .lodged are discussed, 
also the spread and diagnosis of the disease. An evaluation is made of the 
results of physical examination of the udder, strip cup, acidity tests, white 
blood cell counts and chloride tests as means of diagnosis. Methods for de¬ 
tection of streptococci are outlined. With respect to herd management some 
suggestions are given with the concluding advice that the herd owner will be 
wise to confine his efforts in combatting the disease to those procedures of 
herd management which are less expensive than medication or vaccination 
and probably more effective. E.F.G. 

FOOD VALUE OF DAIRY PRODUCTS 

64. Comparative Digestibility of Soft Curd Milks in Vitro. F. J. Doan 
and C. C. Flora. Penn. Agr. Exp. Sta., Teelin. Bull. 380, April, 
1939. 

The study was carried out primarily in an effort to obtain definite in¬ 
formation relative to the accuracy of curd tension measurement as an judex 
of the digestibility qualities of various types of soft curd milk. The study 
is important insofar as it deals with the altering of the coagulation process 
of cow’s milk to obtain characteristics more, nearly approaching those of 
breast milk. 

The in-vitro method was compared with the in-vivo method in order to 
eliminate error as much as possible. 

The results of this study were substantiated by rat feeding trials fol¬ 
lowed by post mortem examination of the digestive tracts. 

It is concluded that digestibility of natural milk or pasteurized milk 
appears to be roughly in inverse proportion to curd tension. 

Homogenization of milk lowers curd tension considerably but appar¬ 
ently improves digestibility very slightly, if at all. 

The digestion qualities of trypsin treated milk appear to be somewhat 
better than would be anticipated from the curd tension value and the same 
statement may be made for citric acid treated milk where the acidification 
is not carried to the isoelectric range. 

Heated milks are acted upon by trypsin at a more rapid rate than 
unheated milks. 
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Curd particle size apparently would be a more accurate index of the 
digestibility of milk and its suitability for use by infants than is curd 
tension. F.J.T). 

65. Importance of Milk to Human Nutrition. Marie C. Harrington, 
Dairy Council of St. Louis. Milk Dealer, 29: 1, 50-56, 1939. 

The author shows the importance of milk to human nutrition in that it 
supplies protein, energy, vitamins A, B, C, 1), and 0, minerals, calcium and 
phosphorus. C.J.B. 


ICE CREAM 

66. Outline of Activities for the Year 1939. Robert C. IIibben. Iut. Assn. 

of Ice Cream Mfrs., Washington, D. C., November, 1939. 

This bulletin contains a resume of the activities of the International 
Association of Ice Cream Manufacturers for the past year. The work of the 
association largely centered around three subjects, namely: Government 
regulation (Federal and State); Inter-industry relations; and Association 
activities. 

The association has actively worked for the industry to see that the Fed¬ 
eral Food and Drug Act is acceptable to ice cream manufacturers. Other 
proposed acts or revisions of existing laws which might affect the industry 
have been closely followed. 

Another phase of activity has been the dissemination of correct industry 
information to other industries, associations, and to the consumer. 

The statistical and accounting bureau has studied taxation, accounting, 
has made expense comparisons, statistical surveys and has reported on 
trends in ice cream sales. 

This bulletin also contains a report of the year’s activities of the let* 
Cream Merchandising Institute. M.J.M. 

67. A Discussion of Chocolate Flavorings for Ice Cream. G. R. A. May- 

bee. Can. Dairy and Ice Cream J., IS: 7, 49. 1939. 

The salt balance of the mix is affected by the type of cocoa used and since 
Dutch processed cocoas contain carbonates, the addition of these negative 
ions in the cocoa works in the direction of better whipping ability for the 
mix. If an untreated cocoa is to be used the pH must not be so low as to 
cause fat clumping or coagulation of protein; therefore, it should be above 
6.0. If a treated cocoa is used, it should not have been overneutralized with 
alkali and the pH should not be above 7.0. Cocoa with a* high fat content 
tends to impede overrun. The finer the cocoa is ground the deeper will be 
the color of the mix and the stronger will be the flavor. O.F.G. 
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MILK 

68. Competition between Fresh Milk and Canned Milk. Leland Spen¬ 

cer, Cornell University, Ithaca, N. Y. Assoc. Bull., Intern. Assoc. 

Milk Dealers, 32nd year, No. 3, 61-80, 1939. 

In 1921 canned milk comprised 5 per cent of the milk consumed while 
by 1938 the proportion had increased to almost 9 per cent. Of all sections 
of the United States the largest per capita consumption of canned milk oc¬ 
curred in cities of tin* Rocky Mountain section and the smallest amount, in 
the New England and North Central states. Of the total milk consumed by 
Negroes 19.1 per cent was canned milk, while Italian and Jewish peoples 
used 3.9 per cent and 4.3 per cent respectively in this form. The proportion 
of families using canned milk was much smaller in the groups where the 
incomes were large enough to permit considerable freedom of choice in mak¬ 
ing up the menu. The conclusion is reached that canned milk does tend to 
take the place of fresli milk and cream to a certain extent, but the 
families who use canned milk also consume a larger total of milk equivalent 
than they would if they were unable to buy canned milk at comparatively 
low prices. A remarkably large proportion of people use evaporated milk 
because of convenience or because they “like it better.’* Up to about 1922 
a one pound can of evaporated milk retailed for nearly as much as a quart 
of fresh milk. In the past five years the retail price of fresh milk has aver¬ 
aged 14 per cent lower than during the 1925--29 period, but evaporated milk 
has been reduced 29 per cent during the same period. The extra price 
charged for fresh over evaporated milk has been split almost equally be¬ 
tween payments to producer and dealers spread. High costs of labor for 
fresh milk distribution suggest^ urgent need for economy measures. Al¬ 
though it seems at times as if fluid milk prices have been at too high a pre¬ 
mium over condensery milk, still it is not precisely known what is the excess 
cost of producing fluid milk. A constructive move is the present one to 
relate fluid milk prices more closely to those of the condensery and butter 
market. This article contains numerous tables, graphs and other factual 
material. E.F.G. 

69. Symposium—Effecting Economies in Plant Operations—Equipment, 

Geo. W. Wilson, Kristoferson’s Dairy, Seattle, Washington. 

Assoc. Bull., Intern. Assoc. Milk Dealers, 32nd year, No. 2, 45-50, 

1939. 

Successful experience is reported with V-belts on a vat, soaker washer, 
can and case washers, ammonia compressors and can conveyor. Three hun¬ 
dred pound type valves with long tapered hard metal seat and cone have 
saved greatly on hose lines, vat sterilizer and heating lines because of more 
positive action and longer life. A red hose has shown longer life than the 
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white hose. A fan operated evaporative condenser lias reduced water use 
and the temperature of the ammonia going into receivers bj r 15 degrees. A 
well furnishing 50 p F. water in place of the 70° F. water from city mains 
lias fully paid for itself in six years. Many advantages are listed for 110 -roll 
cliurns. For washing powder a small scoop in the barrel replaces the large 
one. Special lubricants are used on places subjected to moisture and on 
conveyors. Straight lino flow of products through the plant is recommended. 

E.F.G. * 

70. Refrigeration as Used with Pasteurization. Geo. F. Poppensikk, 

Borden’s Farm Products, New York City. Assoc. Bull., Intern. 

Assoc. Milk Dealers, 32nd year, No. 2, 51-53, 1939. 

A practical discussion of the merits of sweet water, brine and direct ex¬ 
pansion is presented. Sweet water has the advantages of being fool-proof 
and of little danger of contaminating the product, but lacks somewhat in 
flexibility in a large plant. Brine is flexible and does not eorrode equipment 
if acid is cheeked once each month and the brine acidity or alkalinity ad¬ 
justed to neutrality. Brine is best, for plate type coolers. Two brine pumps 
are recommended ; the second circulating 28° F. brine froiA the main circuit, 
passing it through the plates and back to the main circuit which might be at 
2o° F. in direct expansion systems a balanced load must be maintained if 
advantage is to be taken of potential savings in power costs. E.F.G. 

71. Municipal Milk Plant of Wellington, New Zealand. R. B. Stolt/., 

Ohio State University, Columbus, Ohio. Assoc. Bull., Intern. 

Assoe. Milk Dealers, 31st year, No. 12, 295, 1939. 

The reasons for the establishment of a municipal milk plant in "Welling¬ 
ton, New Zealand, were a poor milk supply and the imwillingness of dealers 
to pasteurize. The quality of milk distributed by the plant was superior to 
most of the milk sold in New Zealand. It is a very modern and up-to-date 
plant and is better than the average in the United States. Many details 
with respect to procurement, processing, quality, delivery and costs are 
included in the discussion. E.F.G. 

72. Feed Flavors and Practical Means of Controlling Them in Dairy 

Products. C. E. Wylie and Trios. B. Harrison, Dairy Depart¬ 
ment, University of Tennessee, Knoxville, Tenn. Milk Dealer, 29: 

1, 132-134, 1939. 

A brief discussion is given of some means of preventing feed flavors in 
milk, C.J.B. 

73. Demand Growing for Milk Bottle Closures of Cover Cap Type. 

Anonymous. Milk Dealer, 29: 1, 82,1939. 
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Increased demand for milk-bottle closures of cover cap type is shown by 
a list of municipalities that have passed ordinances governing the bottling 
and capping of milk with sanitary closures. * C.J.B. 

74. Similarity of the Oxidized Flavor from Three Sources. D. H. Nel¬ 

son and C. D. Dahle, Dairy Department, Pennsylvania State Col¬ 
lege. Milk Dealer, 29: 1, 62-66, 1939. 

Following a brief review of the literature on oxidized flavor, the authors 
present data showing that spontaneous and copper-induced flavors are 
identical. C.J.B. 

75. Bacteriological Control for Market Milk Plants. It. 6 . Smith. Can. 

Dairy and Ice Cream J., 18: 7, 38,1939. 

The importance of competent laboratory service for the dairy operator 
is stressed if the dairyman wishes to be positive that he is supplying con¬ 
sumers with a safe and uniform product. The proper bacteriological meth¬ 
ods to be used at the farm, in the dairy and in the laboratory are discussed. 
Proper administration of bacteriological control of milk tends to create a 
friendly spirit of cooperation between producer and processor. O.F.C. 

76. Some Factors Affecting Milk and Cream Sales. W. H. E. Reid. Can. 

Dairy and Ice Cream J., 18: 7, 23, 3939. 

Homogenization changes the physical properties of milk and if carried 
out on unheated inilk greatly accelerates the development of rancidity. The 
process retards the development of oxidized flavor but increases the suscepti¬ 
bility of milk toward sunlight flavor. Pasteurization of milk at increased 
temperatures decreases the length of the cream column (at 145° F. there was 
a decrease of 10.11 per cent). Undesirable flavors may be intensified by 
freezing of the milk and change in physical properties results. Agitation of 
cooled milk is likely to cause a decrease in creaming ability. If too complete 
creaming occurs a bluish appearance shows beneath the cream line. A high 
acidity, a high calcium and magnesium content, a low citrate and phosphate 
content, slow and complete freezing, slow thawing and partial churning are 
given as the causes of flakiness in market milk. The mottled appearance of 
the cream layer in bottled milk is not abnormal. O.F.G. 

77. The General Economic Situation as Related to the Dairy Industry. 

Leland Spencer, Cornell Univ., Ithaca, N. Y. Assoc. Bull., Intern. 

Assoc. Milk Dealers, 31st year: 10, 243, 1939. 

The close relation of milk sales to business activity is shown. The widen¬ 
ing spread between prices of fluid and manufacturing milk is noted and 
parallels drawn with other industries. The fact that retail prices and 
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dealers spread do not follow closely the variations in farm prices is ex¬ 
plained by the fact that the dealer has better control of prices and that 
retail prices include a greater proportion of inflexible costs. Milk dealer 
profits fluctuate less from year to year than those of other industries but 
probably average about the same over longer periods. Many economic diffi¬ 
culties may be traced to inflation and deflation caused by wars and the milk 
dealer shares the ill effects with all business. E.F.G. 

78. Producer-Distributor Problems. Louis J. Taber, The NatT Grange, 

Columbus, Ohio. Assoc. Bull., Intern. Assoc. Milk Dealers, 31st 
year : 12, 310, 1939. 

This is a challenge to the dairy industry to find a way whereby the pro¬ 
ducer, distributor and consumer can sit around the table and by common 
sense American methods adjust their problems and when this is done the 
consumption of milk will be increased so tremendously that present prob¬ 
lems will largely fade away and health, stamina and character will be 
immeasurably improved. E.F.G. 

79. New Developments in Milk Bottles. J. F. Watson, Borden Farm 

Products, New York City. Assoc. Bull., Intern. Assoc. Milk 
Dealers, 31st year: 12, 303, 1939. 

The industry’s annual bill for milk bottle replacements runs about $14,- 
000,000. In 1930, following a study by the Borden Company, the 22 oz. qt. 
bottle gradually came into use effecting an annual saving to the industry of 
three-quarters of a million dollars. This has also made possible lighter 
crates. If further reductions in the weight of the bottle are made it proba¬ 
bly will be necessary to make a squat type bottle to attain strength. A 
square bottle has been used for orangeade and effected a 20 to 30 per cent 
saving in spare, but is not as strong as the round bottle and more research 
work will need to be* done before it will be a satisfactory milk container. A 
colored moving picture showed different types of bottles and closures and 
the handling of bottles in this country and in Europe. E.F.G. 

80. Demonstration of Proper Assembly of Fittings and Fabrication of 

* Milk Lines. E. N. Muzzy, Carnation Co., Seattle, Wash. Assoc. 
Bull., Intern. Assoc. Milk Dealers, 31st year: 13, 321, 1939. 

An illustration shows the correct way to connect sanitary piping in vari¬ 
ous situations. This was an excellent demonstration with actual fittings. 
The demonstration was followed by extended discussion bv.W. D. Tiedeman 
and Geo. W. Putman. E.F.G. 

81. Short Time Pasteurization —-A Sanitarian’s View. Paul F. Krueger, 

Board of Health, Chicago, Ill. Assoc. Bull., Intern. Assoc. Milk 
Dealers, 31st year: 13, 334, 1939. 
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After extensive tests of four commercial installations in which some 
design changes were incorporated it was found that proper pasteurization 
temperatures could be maintained and proper holding times assured by the 
use of the high temperature short time equipment tested with the same de¬ 
gree of accuracy and safety as is possible with existing long time low tem¬ 
perature equipment. The temperature of H>1 ° F. for 1(» seconds had about 
the same effect on the cream line as 144° F. for 30 minutes. Plant opera¬ 
tors have claimed that it is impossible for anyone to make a flavor distinc¬ 
tion between Grade A raw and Grade A pasteurized when a high tempera¬ 
ture short time system is used. From a bacteriological standpoint there is 
no increase in thermophyles in the pasteurized milk as compared with the 
raw milk. High counts were found to come from milk from farms, 90 to 
95 per cent of which used milking machines. Lye treatment of milking 
machine tubes usually remedied the trouble caused by therrnodurie organ¬ 
isms. 

Pasteurizing milk at a temperature of 101° F. for 16 seconds in suitable 
apparatus equipped with proper controls may be considered as equally 
efficient as 144° F. for 30 minutes under similar conditions. E.F.G. 

82. State Sanitary Control—Minimum and Maximum Requirements. 

Cxiarles McDonald, Akron Health Dept., Akron, Ohio. Assoc. 

Bull., Intern. Assoc. Milk Dealers, 31st year: 7.V, 340, 1939. 

Minimum regulations to be enacted by the state and maximum regula¬ 
tions passed and enforced by local health departments are given. Maximum 
regulations should be uniform without duplication of inspection service. 
Trained sanitarians should be employed in all sanitary milk control divi¬ 
sions, both state and municipal. ' E.F.G. 

83. Short Time High Temperature Pasteurization—A Milk Dealer's 

View. W. D. Dotterer, Bowman Dairy Co., Chicago, 111. Assoc. 

Bull., Intern. Assoc. Milk Dealers, 31st year: 13, 332, 1939. 

This method will accomplish essentially the same result as 30 minute 
holding pasteurization. Bacterial counts are perhaps slightly higher with 
short time pasteurization, although since a centrifugal clarifier has replaced 
the filter, plate counts have not been significantly different. A large number 
of phosphatase tests have never given any indication of improper pasteuri¬ 
zation by the short time method as used in the plant under observation. 
Some of the advantages of short time pasteurization are less floor space 
required, less time for cleaning, lower initial cost, less time from start of 
pasteurization till milk is ready to bottle, less milk left in equipment to be 
over pasteurized in case of a shut down and less time between the end of the 
pasteurizing runs and the finish of bottling. The principal disadvantage is 
probably the narrower margin of safety between thermal death point of 
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pathogenic bacteria and the point at which the creaming of the milk is 
injured. Good controls eliminate this objection. E.F.G. 

84. Information Obtained by the Microscopic Examination of Raw Milk 

Not Shown by the Methylene Blue Test or the Standard Plate 
Count. W. K. Fox and G. J. Turney, Lansing Dept, of Health, 
and C. S. Bryan, Mich. Agr. Exp. Sta. Milk Dealer, 28: 12, 42-48, 
1939. 

Data are presented showing the comparison of the standard plate and 
the microscopic clump count on various classes of milk as determined by the 
methylene blue test. The authors conclude that the microscopic clump 
count and standard plate count compare very favorably when used on pro¬ 
ducer samples of raw milk to determine the bacterial content of such milk. 

The microscopic method presents not only a method of counting, but also 
a means of determining the causes of poor quality in high count milk. 
The morphological types of bacteria present indicate the probable source of 
excess contamination in the system of milk production. This definite infor¬ 
mation can be obtained easily, quickly, and accurately through the micro¬ 
scope examination, thus facilitating more effective field work in a quality 
control program. 

The amount of visible dirt in milk as shown by sediment tests has very 
little bearing upon the bacteria count of the milk. C.J.B. 

85. Milk Delivery Costs. Anonymous. Milk Dealer, 28: 12, 38, 62-68, 

1939. 

A study on milk distribution in Maine markets showed that delivery 
cost on routes where horses were used was about the same as that on routes 
of similar length where automobiles or motor trucks were operated. The 
daily delivery cost per route was $1.30 for the 11 routes using one horse 
and $1.36 for the 118 routes, less than 15 miles long, that used a motor 
vehicle. The volume delivered per route was slightly less on the routes 
using horses, resulting in a cost of $1.57 per 100 quarts of retail milk equiva¬ 
lent, as compared with $1.34 for routes using motor vehicles. The delivery 
cost per mile was similar for each group, averaging nearly 15 cents per mile 
with horses and 14 cents per mile with automobiles or motor trucks. 

C.J.B. 

86. The Missing Factor in Chocolate Milk Sales. A. P. Peyraud. Milk 

Dealer, 28: 12, 34, 72-73, 1939. 

It is pointed out that the missing factor in chocolate milk sales is the 
habit of use and enjoyment of this product. To supply this missing factor 
the author suggests that in advertising chocolate milk the “milk” element 
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of the product should be so lightly touched upon as to be negligible, and the 
44 chocolate’’ element should be handled with delicate restraint. The bever¬ 
age element, the drink idea, however, must be loudly, widely, and strikingly 
proclaimed. C.J.B. 

87. Refrigeration for the Milk Industry. Ralph: Copp, Pevely Dairy Co., 

St. Louis, Mo. Milk Dealer, 28: 12, 32-33, 85-88, 1939. 

A complete discussion of refrigeration for the milk industry from farm 
to plant. Different refrigerants, operating costs, oil for compressors, as well 
as types of coolers and refrigeration plants, are discussed. The author 
stresses the importance of getting the proper equipment in the proper place. 

C.J.B. 

88. Is There a Milk Monopoly, Theodore G. Montague, The Borden Co., 

N. Y. C. Milk Dealer, 28: 9, 94-97, June; 28; 10, 46-50, July; 

28: 11, 72-75, August; 28: 12, 78-84, Sept., 1939. 

A portion of a statement presented by Mr. Montague to the Temporary 
National Economic Committee, constituted pursuant to Joint Resolution of 
Congress. The author summarizes the points he has made as follows: 

“The plain facts are that The Borden Co., handling less than five per 
cent of the nation's milk supply, with its sales and profits decreasing and its 
competitors increasing in numbers, is not a monopoly. Moreover, there is 
no monopoly of distribution in the milk industry. High prices for milk 
result from monopolistic practices on the part of some government protected 
producer’s associations and labor unions without forward looking leader¬ 
ship. 

The plain facts are that the reduction in farm prices for milk in the 
early years of the depression was due to declining national market prices, 
and that retail prices were reduced as much as or more than farm prices— 
even more than the slight and temporary reduction in wages, the other big 
cost factor, warranted. 

The plain facts are that the classified method of milk purchasing was 
established by the producers for the purpose of returning to themselves a 
higher price for milk sold as fluid milk. It was not designed to and does 
not now give our company an advantage in purchasing. Through abuses of 
this classified buying plan, however, farm cooperatives and governmental 
price-fixing have established artificially high prices for milk, thereby increas¬ 
ing production and discouraging consumption. 

The plain facts are that consumers have a free choice as to whether they 
will purchase their milk from stores or have it delivered to their homes and, 
as a matter of fact, store sales have materially increased during recent 
years; and that the labor unions are the ones chiefly concerned over this 
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trend to store sales, because of the fact that deliveries to stores require 
fewer milk wagon drivers. 

In my opinion conditions in the milk industry would be substantially 
improved if steps were taken to do the following: 

First: Establish and maintain a sound relationship between the price 
paid the farmer for milk which is used for fluid consumption and the price 
paid for milk used in manufacturing. It is the latter price which establishes 
the fundamental value of all milk. The Borden Company believes in proper* 
cooperative activities on the part of producers. It must be borne in mind, 
however, that the abuse of the power of collective bargaining by certain 
cooperatives, which are government protected* monopolies, has resulted in 
arbitrarily high prices to a limited group of producers. These, in turn, have 
produced large surpluses to compete with the products of many thousands 
of farmers who have no opportunity to share in the high fluid milk markets. 
These practices have also resulted in high fluid milk prices to consumers. 

Second: Reduce* excessive wage costs. The Borden Company believes 
thoroughly in the right of labor to bargain collectively and in the payment 
of high wages in return for full measure of services. It should likewise be 
borne in mind, however, that the abuse of tin* power of collective bargaining 
by certain labor unions, which too are government protected monopolies, has 
also resulted in artificially high prices for fluid milk to the consumer. 

If these two basic abuses by organized producers and organized labor are 
eliminated the following results may be expected as a matter of course: 

A. The retail price of milk will find its natural lower level. 

B. Employment will be stabilized throughout the industry and at good 
wages. 

C. The farmer will receive a sound price for his milk for fluid use, and 
production and consumption will be more nearly in balance. 

D. The burden of carrying the surplus will no longer be such an onerous 
one, and all producers and all distributors will be more nearly on an equal 
basis. 

E. There will be no possible justification for governmental price fixing. 

Even if for some social reason governmental price-fixing is to be con¬ 
tinued in some form, it is imperative that there be a sound relationship be¬ 
tween the price to farmers for fluid milk and the price of milk used in manu¬ 
factured milk products. The present large differential cannot continue to 
exist. 

For reasons founded in its own self-interest The Borden Company can¬ 
not forget that the consumer comes first. The very nature of the business, 
the comparative ease with which new competitors find a pftice in it through 
price cutting if profits are high, make low prices as necessary to the estab¬ 
lished dealers as they are desirable to consumers. Thus a distributor either 

# Government protected because of exemptions in the anti-trust laws. 
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stands or falls by liis success or failure in keeping his price policies in line 
with competitive conditions. 

The principle of governmental price control and the abuse of raw milk 
and labor costs by farm cooperative associations and labor unions fail to 
recognize these inescapable facts. As a business man attempting to sell more 
goods to more people, I would be concerned for the future of my company 
and its ability to operate in the public interest if I felt that this committee 
were to overlook these fundamental truths. ’ ’ C.J.B. 

MISCELLANEOUS 

89. Water Conditioning in Milk Plants. G. A. Richardson, University 

of California, Davis, Calif. Assoc. Bull., Intern. Assoc. Milk 
Dealers, 32nd year, No. 2, 54-58, 1939. 

Six w r ays are listed by which water may be softened or the calcium and 
magnesium rendered unavailable for the formation of insoluble soaps. These 
are, distillation, heating raw water, lime treatment, lime-soda hot or cold, 
base exchange and addition of common alkalies. The complexity of boiler 
water treatment is pointed out. The modern method with condenser waters 
is to add a chemical to keep the calcium salts in solution rather than to pre¬ 
cipitate them out. 

Scale and milk stone are definitely attributed to water and alkaline de¬ 
tergents. In vats milk stone can be prevented by using soft water or zeolite 
softened water or by the use of one of the newer molecularly dehydrated 
phosphates which include sodium salts of phosphates referred to as pyro¬ 
phosphate, metaphosphate and tetra-phosphate. These form a complex 
with calcium or magnesium which does not form insoluble soaps and imparts 
improved rinsing properties. All three of the above have been used with 
success with alkalies in sufficient concentration to soften the water with 
some to spare. Each operator lias a right to demand one of these chemicals 
as an ingredient of specific proprietary compounds because of their efficiency 
in preventing scale and milk stone. E.F.G. 

90. The Approach to and Results of 1939 Legislation. W. A. Went¬ 

worth, Dairy Industry Committee, New York City. Assoc. Bull., 
Intern. Assoc. Milk Dealers, 32nd year, No. 3, 81-94, 1939. 

Perhaps the outstanding feature of the past year was the fact that the 
U. S. Supreme Court sustained the constitutionality and legality of A.A.A. 
control of prices and pooling operations in the Boston and New York mar¬ 
kets. Figures afe given tending to show that the producer does not receive 
the added price which the consumer pays in market under price control. 
An increase in manufactured products in the New England and North 
Atlantic states where A.A.A. and the states have controlled milk prices and 
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in the South under cotton restriction is noted. The investigations of the 
Temporal National Economic Committee lias brought out considerable 
testimony with reference to monopolistic activities in the milk industry. At 
the present time about one-fourth of the blue (surplus) stamps issued by 
the Federal Surplus Commodities Corporation is used for butter. Fluid 
milk is sold to relief families through a special class at a lower price instead 
of through blue stamps. Other legislation affecting the dairy industry is 
discussed, including the wage and hour law, food and drug act, anti-trust 
laws and reciprocal trade agreements. Current and prospective national 
and state legislation on numerous issues is touched upon. E.F.G. 

91. Sanitary Floors for Dairy and Food Plants. C. A. Siiillinolaw. 

J. F. Hale, and J. M. Sharp. Can. Dairy and Ice Cream J., 18: 

7, 30, 1039. 

Suitable types of floors for bottling and food processing plants should 
have the following characteristics: (1) a continuous smooth surface. (2) 
imperviousness to water or other materials used in plant, (3) ready ease of 
cleaning, and (4) ability to withstand loads and traffic. Wood floors are 
inexpensive but because they do not withstand continuous wetting they are 
best adapted to storage* processing spaces which are reasonably dry. The 
success of a concrete floor is intimately connected with the method of laying 
and particularly the finishing of the surface. The wear and imperviousness 
of brick and tile floors is dependent upon the type of material and particu¬ 
larly upon the type of bonding material. Asphalt, mastic or patented sur- 
facings make highly impervious smooth surfaces. Pitch of the floor and size 
of trap are important for good drainage. Proper use of cleaning agents is 
important if long use of floors is expected. Elimination of “slipping” 
hazards is important in order to avoid injury. O.F.G. 

92. 1938—Another Legislative Year. W. A. Wentworth, Secretary, 

Dairy Industry Committee, New York City. Assoc. Bull., Intern. 

Assoc. Milk Dealers, 31st year: . 10 , 243, March, 1939. 

A brief survey is made of federal and state legislature and administra¬ 
tive activities during the past five years. It is stated that the Agricultural 
Adjustment Administration has probably produced the greatest effect upon 
the milk industry. The use of milk and cream in terms of milk in New York 
City decreased 369 million pounds from 1929 to 3937 while production in 
five states, largely supplying this market, increased 419 million pounds. 
Butter production increased 33 per cent while evaporated milk increased 
46 per cent and skim milk powder increased 75 per cent! The extent, of 
dairy products purchasing by the A.A.A. is noted and especially the in¬ 
auguration of purchase of fresh milk. The number of markets operating 
under an order of A.A.A. decreased to 22. The maximum was 49 in Decern- 
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ber, 1934. The probable effects of the Federal Trade Commission milk 
investigation. Fair Labor Standards Act, Social Security Law, etc., are 
noted. It is noted that under reciprocal trade agreements imports of dairy 
products have increased and exports decreased. The present status of state 
and federal filled milk legislation is analyzed. E.F.G. 

93. Reducing Costs of Motor Vehicles. Glen W. Johnson, Bowman 

Dairy Co., Chicago, Ill. Assoc. Bull., Intern. Assoc. Milk Dealers, 
31st year: 13, 328, 1939. 

Inspection and service routine is specified for short and long haul trucks. 
Diesels are recommended for long hauls because of economy and ease of 
handling. E.F.G. 

94. Dairy Waste Elimination and Sewage Disposal. H. A. Trebler, 

JSealtest, Inc., Baltimore, Md. Assoc. Bull., Intern. Assoc. Milk 
Dealers, 31st year: 16, 5-12, 1939. 

Five types of liquid wastes are described, each of which may need to be 
handled separately from the standpoint of economy. Nine methods of dis¬ 
posing of spoiled or excess dairy products are outlined. In the case of 
rinsings and drippings it is suggested that these be saved for manufacturing 
purposes whenever possible or at least utilized for animal feed. It is sug¬ 
gested that only as a last resort should a real waste disposal plant be con¬ 
structed. Experimental work with tin can trickle filters indicates good effi¬ 
ciency. The author states that the activated sludge process gives good re¬ 
sults at reasonable cost. The tin can trickier system is, however, cheaper to 
construct and to operate. E.F.G. 

95. Social Security. J. S. Seidman, N. Y. Chapter, Nat’l Assoc, of Cost 

Accountants. Milk Dealer, 28: 12, 94, 1939. 

A brief discussion of social security taxes from the standpoint of bonus 
payments, expenses incurred by employees and charges for 4 * shortages ’ ’ 
and credits for 4 4 overages. ’ ’ C.J.B. 



Volume XXtII 


March, 1940 


Number 3 


Journal of Dairy Science 

Published by the 

AMERICAN DAIRY SCIENCE ASSOCIATION 

R. B. Stoltz, Sec.-Treas. 

Ohio State University, Columbus, Ohio 

ABSTRACTS OF LITERATURE 

T. S. Sutton, Editor 
Columbus, Ohio 


MILK AND MILK PRODUCTS 

Published in cooperation with 

INTERNATIONAL ASSOCIATION OP ICE CREAM 
MANUFACTURERS 

R. C. Hibben, 1105 Barr Bldg., Washington, D. C., Exec. Sec. 

INTERNATIONAL ASSOCIATION OP MILK DEALERS 
R. E. Little, 309 W. Jackson Blvd., Chicago, Illinois, Exec. Sec. 


Editorial Committee 

H. H. Sommer, Madison, G. D. Tubnbow, Oakland, 

Wisconsin, A. D. 8. A. California, I. A. I. C. M* 

Harold Pratt, Philadelphia, W. D. Dotterrer, Chicago, 

Pennsylvania, I. A. I. C. M. Illinois, I. A. M. D. 

A. J. Powers, Brooklyn, 

New York, I. A. M. D. 


Bacteriology 

Breeding 

Butter 

Cheese 

Chemistry 


CONTENTS 


Concentrated and dry 
milk; by-products 
Diseases 

Feeds and feeding 
Food value of dairy 
products 


Herd management 
Ice cream 
Milk 

Miscellaneous 

Physiology 


The Science Press Printing Company 


Lancaster, Pa. 



PUBLICATIONS AND ABSTRACTORS 


EDITORS 

Dahle, C. D., Fay, A. C., Holm, G. B„ Marquardt, J. C„ and Tracy, P. H, 
Dahl berg, A. C. 


ABSTRACTORS 


Allen, N. N. 
Archibald, J. G. 
Atkeson, F. W, 

Babcock, C. J. 
Baltzer, A. C. 
Barkman, J. O. 
Bartlett, J. W. 
Becker, R. B. 
Bendixen, H. A. 
Bennett. F. W. 

Bird, E. W. 
Burgwald, L. H. 
Burrl, R. 

Brueckner, H. J. 
Burke, A. D. 
Bushnell, L. D. 

Cannon, C. Y. 
Carpenter, D. C. 
Cave, H. W. 
Clevenger, W. L. 
Cole. W. fc. 
Copeland, L. 
Coulter, S. T. 
Cunningham, O. C. 
Cunningham, W. S. 

Dahlberg, A. C. 


Darnell, A. L. 
Doan, F. J. 
Dorsey, L. M. 
Downs, P. A. 

England, C. W. 
Erb, J. H. 

Espe, D. L. 

Fabian, F. W. 
Frayer, J. M. 
Frazier, W. C. 
Fuller, J, M. 

Garrett, O. F. 
Gelpi, A. J. 
Golding, N. S. 
Goss, E. F. 
Greenbank, G. R. 
Gulltckson, T. W. 
Guthrie. E. S. 
Hansen. Arne 
Herrington, B. L. 
Herzer, F. H. 
Holdaway, C. W. 
Horrall, B. B. 
Huffman, C. F. 

Irvin, O. R. 


Jacobson, C. O. 
Jensen, Chris 
Joaephson, D. V. 

Keith. J. I. 
Knight, D. 
Krause, W. E. 

LaMaster, J. P. 
Leighton, A. 
Lindquist, H. G. 
Locke, R. B. 
Lucas, P. S. 
Lush, J. L. 

Mack, M. J. 
Macy, H. 

Mann, A. I. 
Marquardt, J. C. 
Martin, W. H. 
Mead, S. W, 
Moore, L. A. 
Morris, A. J, 
Mueller, W. S. 

Nelson, D. H. 
Nelson, J. A. 

Overman, O. R. 


Palmer, C. C. 
Parfltt, B. H. 
Petersen, W. B. 

Price, W. y. 

Reid, W. H. B. 
Richardson, G. A. 
Riddell, W. H. 

Schultz. B. N. 
Sommer. H. H. 
Stark, C. N. 
Swope, W. D. 

Tarassuk, N. P. 
Theophilus. D. R. 
Thomsen, L. C. 
Thurston, L. M. 
Totman, C. C. 
Trout. G. M. 
Tuckey, S. L. 

Webb. B. H. 
Weckel, K. G. 
White, G. C. 
Wilbur, J. W. 
Wilster, G. 

Wylie, C. B. 

Yale, M. W. 


JOURNALS 


American Creamery and Poultry Produce Re¬ 
view 

American Journal of Diseases of Children 
American Journal of Physiology 
American Journal of Public Health 
Archives of Pediatrics 
Biochemical Journal 
Biochemische Zeltschrift 

Canadian Dairy and Ice Cream Journal 

Canadian Public Health Journal 

Certified Milk 

Cornell Veterinarian 

Dairy Industries 

Deutsche Molkerei Zeitung 

Endocrinology 
Food Industries 
Food Manufacture 
Food Research 

Guernsey Breeders Journal 

Ice and Refrigeration 

Ice Cream Field 

Ice Cream Industry 

Ice Cream Review 

Ice Cream Trade Journal 

Industrial and Engineering Chemistry 

Jersey Bulletin 

Journal of Agricultural Research 
Journal of Agricultural Science 
Journal of American Chemical Society 
Journal of American Veterinary Medicine Asso¬ 
ciation 

Journal of Bacteriology 
Journal of Biological Chemistry 
Journal of Dairy Research 
Journal of Dairy Science 
Journal of Experimental Medicine 
Journal of General Physiology 
Journal of Heredity 


Journal of Genetics 

Journal of Infectious Diseases 

Journal of London Chemical Society 

Journal of Milk Technology 

Journal of Nutrition 

Journal of Pathology and Bacteriology 

Journal of Physical Chemistry 

Journal of Physiology 

Kaeseindustrie 

Kolloid-Zeitschrift 

Lancet 
Le 14 iIt 

Milchwirtschaftliche Forschungen 

Mllchwlrtschaftliche Zeitung 

Milk Dealer 

Milk Industry 

Milk Plant Monthly 

Molkerei Zeitung 

National Butter and Cheese Journal 
Pacific Dairy Review 

Proceedings of Society of Animal Production 
Proceedings of Society of Experimental Biol¬ 
ogy and Medicine 

Scientific Agriculture 

Tiererniihrung 

Tierziichter 

Trudy Vologodskogo Molochnogo Instltut 

Zeitschrift fiir Infektionskrankheiten Para- 
ait fire Krankheiten und Hygiene der Haus- 
tiere 

Zeitschrift fUr Physikalische Chemie, Abt. A 
and B 

Zeitschrift fiir Untersuchtung der Lebensmittel 
Zeitschrift fiir Zltchtung. Reihe B. Tlerzucht- 
ung und Zuchtungbiologie 
Zentralblatt fiir Bacterioiogie 
Zilch tungskuade 


SPECIAL PUBLICATIONS 


Federal Dairying and Bacteriological Estab¬ 
lishment, Llebefeld, Berne, Switzerland 
International Association of Ice Cream Manu¬ 
facturers 

International Association of Milk Dealers 

N^rional Ingtltu te or Research in Dairying, 

NewYorit Association of Dairy and Milk In¬ 
spectors 


Prussian Dairy Research Institute, Kiel, Ger¬ 
many 

St S t t e atitn? CUltUral Collefies Experiment 

T Denm°Mk Technlcal CoUe *®' Copenhagen, 
United States Department of Agriculture 



ABSTRACTS OF LITERATURE 
BACTERIOLOGY 

96. The Decomposition of Citric Acid by Betacoccus cremoris. G. van 

Beynum and G. W. Pette. State Agr. Exp. Sta., Hoorn, Nether¬ 
lands. J. Dairy Res., JO: 250-266, 1939. 

Analyses reveal that the fermentation products of Betacoccus cremoris 
in neutral milk are acetic acid and carbonic acid. In acidified milk or in 
mixed cultures of this bacterium and lactic acid streptococci the products 
are acetic acid, CO*, diacetvl, acetylmethyl carbinol and 2-3 butylene glycol. 
Diacetyl is only formed when an oxidation with atmospheric oxygen can 
take place. Carbinol is found in aerobic and in anaerobic cultures. It may 
be reduced to butylene glycol. All of these substances are formed from the 
citric acid of the milk. From 1 mol. of citric acid are formed: 2 mol. of 
C0 2 , 1-1.5 mol. of acetic acid, 0.5-0 mol. of 0* compounds. A reciprocal 
relationship is shown to exist between the quantities of acetic acid and C 4 
compounds. "When the amount of acetic acid is high the C 4 compounds con¬ 
tent is low'. The higher the acidity of the medium in which the betacocci 
are cultivated the higher is the amount of C 4 compounds. The authors 
assume that pyruvic acid is an intermediate product and present formulae 
showing the decomposition of citric acid. S.T.C. 

97. The Nutritional Requirements of the Lactic Acid Bacteria. J. G. 

Davis, Nat. Inst, for Res. in Dairying, Univ. of Reading, Reading, 
England. J. Dairy Res., JO: 186 -201, 1939. 

Serum and blood w r erc found not to have a marked effect on the growth 
of lactic acid bacteria in milk. Heated serum and, to a greater extent, 
heated blood usually stimulated growth. Unheated serum was found to 
inhibit S, lactis, when a small inoculum of washed cells was used. Under 
practical conditions no effect was noticed. The author concludes, therefore, 
that 4 ‘it is unlikely that ‘slow starter’, is ever attributable to infiltration of 
serum or the constituents of serum.” S.T.C. 


BREEDING 


98. Biennial Reviews of the Progress of Dairy Science. Section G, 
Genetics of Dairy Cattle. J. Dairy Res., JO: 370-393, 1939. 


A review of recent work relative to the genetics of dairy cattle. 

S.T.C. 


BUTTER 


99. Bacteriological Testing of Butter. New and Simplified Routine 
Methods. G. M. Mom and R. R. Russell. New Zealand Dept, of 
Agr., Wallaeeville, Wellington. J. Dairy Res., 10: 310-325, 1939. 

A37 
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Microplate cultures are prepared to obtain counts of total bacteria, “heat 
resistance 1 * bacteria, lypolytic organisms, yeasts and molds in butter. The 
method for counting colonies of lypolytic bacteria is based upon their ability 
to produce around each colony a halo of white solid fatty acids in place of 
the clear glistening fat globules. S.T.C. 

100. Oxidation of the Fat of Butter During Cold Storage. W. J. Wiley, 

Dairy Res. Inst., Palmerston North, New Zealand. J. Dairy Res., 
10: 300-309, 1939. 

The oxidation of the fal of butter during cold storage was studied by 
measuring the fat-aldehyde value of the fat. Acidity, starter organisms, 
salt and low-pasteurization temperatures were found to favor oxidation. 
Neither diacetyl nor aeetoin influenced the oxidation. 

The author postulates the presence in ripened pasteurized cream and in 
unripened raw cream of a fat-oxidizing enzyme which is most active at low 
pH values, and high salt concentrations. S.T.C. 

101. Observation on Epidemics of Moldy Salted Butter. V. L. Turgasun, 

Armour & Co., Chicago. Nat. Butter and Cheese J., 30: 11, 44, 
1939. 

Seven epidemics are described and their causes are indicated. Sources 
of contamination in order of importance are unclean equipment, air-borne 
infection, insufficient pasteurization exposures of the cream, contaminated 
tubs, boxes and liners and contamination from such sources as water, salt 
and butter cultures. W.V.P. 

cJibf.se 

102. The Relation of Certain Lactic Acid Bacteria to Open Texture in 

Cheddar Cheese. 1. R. Sherwood, Dairy Res. Inst., Palmerston 
North, New Zealand. J. Dairy Res., JO: 326-335, 1939. 

The rate of evolution of carbon dioxide from cheese was measured by 
determining the ml. of N/10 barium hydroxide neutralized by the gas from 
25 g. of cheese in two days at room temperature. “Open” cheese was 
shown to evolve carbon dioxide much more rapidly than “close” cheese. 
From open cheese lactobacilli or betacocci capable of producing carbon 
dioxide relatively rapidly were isolated. The addition of such organisms to 
cheese milk resulted in the development of slit openness in the cheese. 

S.T.C. 

103. A Simple and Accurate Viscosimetric Form of Rennet Test. C. W. 

King and E. M. Melville, The West of Scotland Agr. College, 
Glasgow. J. Dairy Res., 10: 340-354, 1939. 
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A viscosity type of rennet test is described. A mathematical treatment 
of the problems involved in the use of the method is given. S.T.C. 

104. The Assessment of Curd Firmness Prior to Cutting. F. M. V. 

Coppen, Nat. Inst, for Res. in Dairying, Univ. of Reading, Read¬ 
ing, England. J. Dairy Res., 10: 336-339, 1939. 

Using the method devised by Scott Blair (J. Dairy Res., 9: 347. 1938.) 
the “ firmness’’ of cheese curds immediately prior to cutting was determined 
and related to an expert’s opinion. The smallest difference in modulus 
which could be correctly appreciated by the cheese maker was of the order 
of 8 per cent. Normal curds, regardless of type, were softer in the summer 
months than in the winter. S.T.C. 

105. The Making of Processed Cheese. H. H. Sommer and H. Ij. Temple¬ 

ton, Univ. of Wis., Madison. Wisconsin Agr. Exp. Sta. Res. Bull. 

137, June, 1939. 

Processing by selecting raw cheese, blending, grinding, heating and 
packaging gives uniformity of quality and a desirable package. Some 
patents restricting manufacture of process cheese have expired. Historical 
background of the industry and legal definitions are given. The processing 
procedure is described including details of selecting and blending of cheese 
to obtain desired flavor, body properties and composition; trimming and 
grinding to remove inedible portions and to prepare the cheese for effective 
heating; heating and stirring to obtain a homogenous and fluid mixture for 
packaging; use of emulsifiers; and packaging. Processing and packaging 
machines are described. Preparation of cheese spreads is given. Factors to 
consider in planning cheese processing operations are presented to indicate 
that approximately 1(X),()00 lbs. of raw cheese is necessary to permit proper 
blending operations and successful control of quality when the output is 
1,000 pounds per day and the average age of cheese is 3 to 4 months; that 
the minimum investment in equipment would be about $1500 to $2000; and 
that efficient large scale operations require considerable additional invest¬ 
ment in labor-saving machinery. One table, 5 figures, 20 references and a 
list of 102 U. S. patents showing date of issue, patentee and patent title. 

W.V.P. 


CHEMISTRY 

106. The Rapid Determination of Peroxide Values for the Fat in Milk 
Powders. J. A. B. Smith, The Hannah Dairy Res. Inst., Kirkhill, 
Ayr. J. Dairy Res., 10: 294-299, 1939. 

A method which although yielding only about 90 per cent of the true 
value is considered of value by the author due to its rapidity is described. 
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Ten g. of milk powder are weighed into a 100 ml. graduated flask and 
50 ml. glacial acetic acid added. The mixture is warmed to 35° C. for 5 
minutes and shaken at intervals during that time. Chloroform is added 
from a burette until the 100 ml. mark is reached, and during this addition 
the mixture is well-shaken several times. The mixture is filtered rapidly 
through an ordinary filter funnel. An aliquot of the filtrate is measured 
out, one ml. of a saturated solution of potassium iodide added and the mix¬ 
ture shaken for one minute. It is then diluted with 100 ml. of water and 
titrated with standard sodium thiosulphate, 0.01 to 0.002 normal. 

S.T.C. 

107. The Preparation of Phenyl Phosphoric Esters. E. J. King and T. F. 

Nicholson, British Postgraduate Medical School, London. Bio- 
cliem. J., 33: 1182, 1939. 

In this paper are presented methods for conveniently preparing 
several phenyl phosphoric esters. The use of these in the phosphatase test 
of milk is not discussed but they may be conveniently adopted. The pro¬ 
cedures described are for the preparation of barium phenyl phosphate, 
disodium phenyl phosphate, ortho-methylphenyl phosphate, para-brom- 
phenyl phosphate, para-nitrophenyl phosphate, cyclo hexanol phosphate. 

K.G/W. 

108. The Rates of Enzymic Hydrolysis of Phosphoric Esters. E. J. 

King and G. E. Delory, British Postgraduate Medical School, 
London. Biochem. J., 33: 1185, 1939. 

The relative rates of hydrolysis of several phosphoric esters is presented. 
The rate of hydrolysis and the optimum pH for hydrolysis appear to 
increase with increasing acidity of the phosphoric ester. K.G/W. 

109. Estimation of Lactic Acid in Biological Material by Oxidation with 

Ceric Sulfate. J. J. Gordon and J. H. Quastel, Biochemical 
Laboratory, Cardiff City Mental Hospital, Cardiff, Wales. Bio¬ 
chem. J., S3: 1332, 1939. 

A method is presented for estimating lactic acid in biological materials 
using ceric sulfate. The acetaldehyde resulting from the oxidation of lactic 
acid is absorbed by sodium bisulphate and estimated iodometrically. The 
error in estimation of lactic acid does not exceed 5 per cent. K.G.W. 

110. Determining Riboflavin. A Fluorometric and Biological Method. 

G. C. Supplee, R. C. Bender, and 0. G. Jensen, The Borden Co., 
Bainbridge, N. T. Ind. Eng. Chem., Analyt. Ed., 11: 9, 495-498, 
1939, 
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Methods for extracting and preparing riboflavin solutions from various 
concentrates, adsorbates, whey and miscellaneous products and for the 
fluoromctric examination of the riboflavin solutions in “black light” are 
presented. A method for the biological determination of riboflavin is given 
and the results obtained by both methods are compared. The methods show 
a correlation greater than 90 per cent when applied to dry yeast and raw 
peanuts, 80 to 85 per cent when applied to alfalfa meal and liver and less 
than 50 per cent for soy bean and corn meals. The methods may be used 
interchangeably for certain types of riboflavin solutions and adsorbates. 
The fluoromctric method gives check results within 10 per cent variation 
from independent determinations with different operators and within 3 to 5 
per cent with experienced operators. B.II.W. 

111. Determining Riboflavin in Dried Milk Products. Royal A. Sulli¬ 

van and L. C. Norris, Cornell Univ., Ithaca, N. Y. Ind. Eng. 

Chem., Analyt. Ed., 11: 10, 535-540, 1939. 

Riboflavin is extracted from dried milk products by refluxing with a 
dilute solution of acid in 75 per cent acetone. Unstable colored impurities 
are removed by the addition of hydrogen peroxide to the solvent. The 
resulting solution is neutralized, filtered and used for the determination of 
riboflavin with a photoelectric photometer. Ninety per cent of the color of 
riboflavin is removed by reduction with sodium hyposulfite. By observation 
of the light absorption before and after reduction the concentration of the 
solution is calculated to ± 0.05 microgram per 1. The photometer is cali¬ 
brated with pure synthetic riboflavin. The photometer wiring diagram, a 
transmission curve for the light filters used, and other pertinent data are 
presented. B.H.W. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

112. Bacteriological Studies of Canned Milk Products. Agnes A. 

Nichols, The Hannah Dairy Res. Inst., Kirkhill, Ayr. J. Dairy 

Res., 10: 231-249, 1939. 

A large number of evaporated milk and canned cream samples from 
general sources and from 3 factories in Scotland were examined. One hun¬ 
dred per cent of the tins examined from general sources were sterile. The 
factory samples, especially those of canned cream, had a lower sterility per¬ 
centage, although it was considered that this was due to special circum¬ 
stances of operation, and that ordinarily a sterile pack should be obtained. 
An outbreak of “butt 0118 ” in sweetened condensed milk was attributed to 
three causative organisms, one a species of Actinomyces , the other two spe¬ 
cies of the genus Penicillum. S.T.C. 
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113. Bacteriological Studies of Spray-Dried Milk Powder. Agnes A. 
Nichols, The Hannah Dairy Res. Inst., Kirkhill, Ayr. J. Dairy 
Res., 10: 202-230, 1939. 

Data are presented on over 400 samples of spray-dried milk powder 
secured from eight factories operating in England and Scotland. Plate 
counts varied from 1400 to 149,000,000 per gram. About 10 per cent of the 
samples tested in one ml. quantities gave positive presumptive coliform 
tests. The desirability of establishing grades for sprav-dried milk powder 
is discussed. S.T.C. 


DISEASE 

114. Biennial Reviews of the Progress of Dairy Science. Section F, Milk 

Borne Diseases. J. Dairy Res., 10: 355—369, 1939. 

A review of recent work relative to milk borne diseases. S.T.C. 

115. The Casein Number for Diagnosis of Mastitis. II. The Effect of 

Advanced Lactation and of Storage and Preservation of Milk 
Sample. S. G. Rowland and M. Zein-el-dine, Univ. of Reading, 
Reading, England. J. Dairy Res., 10: 2G7-271, 1939. 

The casein number (percentage of casein nitrogen in total nitrogen of 
the milk) method of mastitis diagnosis was found not applicable to cows in 
advanced lactation. 

Storage of milk samples for more than a few hours at 16-18° C. resulted 
in a decrease in the casein number. Storage at (>-2° C., and at 16-18° C. 
with the addition of 0.2, 0.05, and 0.01 g. potassium dichromate, formalin or 
mercuric chloride respectively per 100 ml. of milk, prevented significant 
reduction of the casein number for 24-48 hours. S.T.C, 

FEEDS AND FEEDING 

116. The Nutritive Value of Proteins for Milk Production. V. The 

Effect of High Temperature and of Season on the Nutritive 
Value of Grass Proteins, the Supplementary Effect of the 
Maintenance Ration on the Production Ration, and the Effect 
of Feeding a High-Protein Ration. S. Morris and S. C. Ray, The 
Hannah Dairy Res. Inst., Kirkhill, Ayr. J. Dairy Res., 10: 165- 
185, 1939. 

As measured ,by milk production the nutritive value of artificially dried 
spring grass was unaffected by the temperature of drying even to the extent 
of scorching the grass. Dried spring grass was found to have a higher and 
later autumn grass a lower biological value than early autumn grass. Lin¬ 
seed cake waa found to have a very low biological value. A supplementary 
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effect of the maintenance oil the production ration was noted when hay was 
substituted for straw in the maintenance ration together with a production 
protein intake of poor biological value. With an excess of protein in the 
ration most of the excess nitrogen was secreted in the urine, while both the 
milk yield and the biological value of the food protein fell considerably. 
The authors suggest that together with an adequate amount of lysine in the 
protein ingested, a certain mixture of arnino-aeids is essential before maxi¬ 
mum milk-vield can be obtained. S.T.C. 

FOOD VALUE OF DAIRY PRODUCTS 

117. The Effect of Commercial Drying and Evaporation on the Nutritive 

Properties of Milk. K. M: Henry, J. Houston, S. K. Kon, and 
Ij. W. Osborne, Nat. Inst, for Res. in Dairying, Univ. of Reading, 
Reading, England. J. Dairy Res., 10: 272-293, 1939. 

Sprav-dried (Kestner process), roller-dried and evaporated milks were 
prepared commercially from one batch of raw milk. The biological value 
of the proteins (nitrogen), vitamin B, and the growth-promoting properties 
of the milks were measured by tests on rats. Vitamin A and carotene, 
riboflavin and vitamin C were measured by physical and chemical methods. 

The proteins (nitrogen) of evaporated milk were found to be signifi¬ 
cantly less digestible (true digestibility (91)) than those of spray-dried 
milk (true digestibility (94)), The difference between either of those and 
roller-dried milk (true digestibility (93)) was not statistically significant. 
The vitamin B content of evaporated milk (9 I. U./IOO ml. of reconstituted 
milk) was only half that of spray-dried (18 I. U./100 ml.) and of roller- 
dried (19 I. U./100 ml.). 

Reconstituted spray-dried, roller-dried and evaporated milks were fed 
ad libitum, supplemented with mineral, as the sole diet to groups of litter- 
mate male rats. Based on gains in weight per 100 ml. milk intake the 
dried milks were found to be significantly superior to the evaporated milk. 

Processing the milk caused no loss in vitamin A and carotene. More¬ 
over, they w T ere not decreased after a year’s storage of the processed milks. 
There was no difference in the riboflavin content of the processed milks and 
the factor was not affected by Hi months’ storage. 

Spray-drying caused a 20 per cent loss, roller-drying and evaporation a 
30 per cent loss in the original vitamin C content of the milk. S.T.C. 

118, Studies on Digestibility of Proteins in Vitro. VII. Liberation of 

Cystine on Tryptic Digestion of Casein with Observations on 
the Instability of Cystine Toward Alkali. D. Breese Jones and 
Charles E. F. Gersdorff, Protein and Nutrition Res. Div., Bureau 
of Chemistry and Soils, U. S. Dept, of Agr., Washington, D. C. 
J. Biol. Chem., 129: 207, 1939. 
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This paper is a presentation of data on the liberation of cystine from 
casein at various reactions and with tryptic digestion. 

Cystine is readily liberated from casein by tryptic digestion at pH 8-9. 
A large part of the casein cystine, however, is destroyed during the digestion 
by the alkalinity of the digest. When the digestions are conducted at 
slightly acid reactions, cystine was quite readily and completed liberated, 
although at a slower rate than when the digests were alkaline. There was 
no destruction of cystine. About 40 per cent of the casein cystine was 
liberated in 24 hours at pH 6.G-6.8. At pH 6.8 nearly all the cystine was 
liberated in 120 hours, while 168 and 216 hours were required when the 
digestions were conducted at pH 6.6 and 6.2, respectively. K.G.W. 

119. The Effect of Orange Juice on Calcium Assimilation. Caroline S. 

Lanpord, Dept, of Chemistry, Columbia TTniv., New York City. 

J. Biol. Chem., 130: 87, 1939. 

Young growing rats were fed moderate quantities of orange juice in 
addition to a basal wheat and milk mixture. The amount of juice given 
daily (5 cc.) corresponded on the average to about 15 cc. per 100 Kilo 
calories of diet consumed. 

The proportion of the calcium of the diet which was stored in the body 
under these conditions was about 8 per cent greater than the proportion 
stored by control animals on the basal diel alone. This improved assimila¬ 
tion of the dietary calcium was noted in every instance and was of 
unquestionable significance by the usual statistical criteria. K.G/W. 

ICE CREAM 

120. Formulas for Ice Cream with Reduced Carbohydrate Content. 

W. J. Corbett and P. II. Tracy. Ill. Agr. Exp. Sta. Cir. 498, Nov., 

1939. 

Commercial ice cream ordinarily has a carbohydrate content of about 
20 per cent and is unsuited for diabetic patients. 

Three formulas for ice cream mix with low carbohydrate content are 
suggested. Directions are given for making the low-lactose milk which is 
used in two of the formulas. 

Caloric values per pint of these ice creams drawn at 80 per cent overrun 
are shown. 

A formula for home use is included. O.R.O. 

121. Plant Layout. H. J. Brown, GoJdenrod Ice Cream Co., Chicago, Hi. 

Ice Cream Field, 34: 4, 2], 26, Oct., 1939. 

The author points out the advisability of planning the plant layout so 
that each operation can follow in proper routine with the elimination of 
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unnecessary handling of the products. He favors the one floor plan for 
manufacturing operations, and claims that continuous ice cream freezers 
are more suited for economical operation than batch freezers. 

In general he states that all ice cream plants are similar, but that the 
peculiarities of each must be considered in order to be assured of efficient 
production. W.C.C. 

122. Raw Materials for Ice Cream. J. Hoffman Erb, Dairy Dept., Ohio 

State IJniv. Ice Cream Field, 34: 4, 22, 23, Oct:., 1939. 

The author discusses the necessity of controlling the quality of raw 
materials used in the manufacture of ice cream. He points out that oxidized 
flavor is one of the most common defects in ice cream and states that from 
a practical point of view the elimination of copper from the mix is the most 
successful’means of preventing it. 

According to the author many plants now make Eh determinations on 
cream and in one instance cream is never frozen or stored for subsequent 
use if it has an Eh of 0.350. W.C.C. 

123. New Processes of Mix Manufacture. E. C. Scott, Research Labo¬ 

ratory, Swift and Company, Chicago. Ice Cream Field, 34: 4, 

24-25, Oct., 1939. 

The production of high quality ice cream at the lowest cost is the aim 
of the ice cream industry the author points out. It is stated that it is pos¬ 
sible to produce high quality ice cream using either high or low percentages 
of serum solids, provided the proper balance is maintained between serum 
solids, stabilizers and other solids that will permit the ice cream to be drawn 
from the freezer in a stiff, fairly dry condition. When sweet cream is not 
available the tendency is towards the use of frozen cream in place of butter, 
although there is some indication that the findings of Leighton and Levitan 
(Ind. Eng. Chem., June, 1939) may tend to increase the use of high quality 
unsalted butter by first homogenizing the butter and skim milk to form 
cream. 

It is claimed that soft ice cream as drawn from the freezer can often be 
traced directly to the use of stabilizers with a high sodium salt content. 

The tendency to use higher sugar contents in ice cream has necessitated 
higher pasteurization temperatures. It is claimed that prolonged heating 
at temperatures from 150° F. to 180° F. results in the precipitation of 
calcium salts and this in turn impairs the body of the finished ice cream. 
The author states that pasteurizing and holding vats with stuffing boxes and 
horizontal type coils are becoming obsolete, due to the increased emphasis on 
sanitation. 

It is stated that making ice cream mixes in the vacuum pan is not gain¬ 
ing in popularity. In the case of mixes made from mediocre quality prod- 
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nets, it may have a slight advantage whereas otherwise it tends to make a 
flat-tasting mix. 

Direct expansion cabinet coolers are rapidly replacing brine and sweet 
water coolers and immediate cooling to 34° F. to 40° F. is the general 
practice. Homogenizers of current design are either of the two stage type 
or else a single stage type with auxiliary features to give results that approxi¬ 
mate double stage homogenization. The newer homogenizers generally ac¬ 
complish satisfactory homogenization at lower pressures than was formerly 
required. According to the author the presence of fat globules larger than 
3i microns in diameter indicates incomplete homogenization. W.C.C. 

124. Modern Freezing Methods. A. W. Fakrall, Creamery Package 

Manufacturing Co. Ice Cream Field, 34: 4, 27, 28, 29, 44, Oct., 

1939. 

It is pointed out that the three principal requirements of freezing ice 
cream are: 

1. The ice cream mix must be cooled rapidly to a temperature of from 
22° F. to 24° F. 

2. The proper amount of air must be incorporated uniformly in a fine 
state of division. 

3. The freezer or its attachments must be capable of uniformly mixing 
fruits, nuts, candy and the like in the ice cream. 

The author states that over-neutralization of the mix or the use of 
ingredients which contain a high percentage of sodium caseinate cause the 
ice cream to become sticky, thus increasing the power consumption of the 
freezer. Low whipping mixes cause difficulty in obtaining overrun with 
batch freezers and with continuous freezers may cause air slugs in the ice 
cream. Ordinarily as the temperature is lowered from 26° F. to 24° F. the 
ability to incorporate air is increased, whereas lowering the temperature 
below 23° F. air is whipped in with more difficulty and usually at 22° F. it 
is necessary to maintain a fairly high air pressure in order to obtain the 
desired overrun. This condition is made possible in the continuous freezers 
on the market. 

The advantages of rapid freezing as a means of improving ice cream 
texture are mentioned and instructions for sharpening freezer blades 
properly are given and illustrated diagrammatieally. 

In modern freezing both batch and continuous freezers are in use. 
Efficient plant layout and arrangement of schedules contribute to economical 
plant operation. f W.C.C. 

125. Hardening of Ice Cream. P. H. Tracy, Dept, of Dairy Husbandry, 

Univ. of III, Ice Cream Field, 34 ; 4, 30, 31, 44, Oct., 1939. 

It is claimed that from 10 to 12 inches of good insulation is advisable in 
the walls and ceiling, and at least 8 inches on the floors of hardening rooms. 
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Ordinarily the hardening room should be large enough to hold about three 
times the amount of the peak day’s run (roughly one per cent of the 
annual production). In the case of novelties and package goods, a larger 
space per gallon is necessary. 

Three types of hardening rooms are mentioned: 1. Hardening rooms 
with shelf and ceiling coil arrangement, 2. Hardening rooms with bunker 
system, 3. Hardening rooms with the blower type of refrigeration unit, 
The merits of each type are mentioned. 

The advantages of fast hardening are indicated and it is pointed out 
that air circulation in the hardening room markedly contributes to this. 
A brief review is given of a paper by Tracy and McGown (J. Dairy Sc. 
17: 47-60). W.C.C. 

126. Shrinkage of Ice Cream. W. C. Cole, Dairy Industry Div., Univ. of 

Calif. Ice Cream Field, 34: 4, 32-34, Oct., 1939. 

The influence of changes in external pressure is considered by the author 
as contributing to the problem of ice cream shrinkage. 

Products manufactured at sea level and shipped to altitudes five or six 
thousand feet above may increase considerably in volume, whereas those 
manufactured in higher altitudes and shipped to sea level often show 
shrinkage. 

Experiments were carried out by placing samples of ice cream in a 
vacuum pan and observing changes in volume of the ice cream accompany¬ 
ing changes in pressure. The results are illustrated in tabular form and by 
means of photographs. 

The author concludes as a result of this study that: 

1. Variations in external pressure may cause marked changes in the 
volume of ice cream. 

2. When such pressures are reduced, the volume of ice cream increases. 
When the pressure is increased again to the original value, ordinarily the 
ice cream does not return to its original volume; hence we say that it has 
shrunk. This shrinkage is the result of loss of air. 

3. Some of the shrinkage in commercial ice cream particularly where 
marked changes in altitude are involved, may be explained on the basis of 
the principles just indicated. 

4. When ice cream is subjected to these changes in pressure its hardness, 

which depends primarily upon temperature, is an important factor de¬ 
termining the extent to which shrinkage occurs. Other things being equal, 
the harder the ice cream the less will be its change in volume as a result 
of variations in pressure. W.C.C. 

127. Flavoring Characteristics of Individual Cocoa Varieties. P. S. 

Lucas and I. A. Gould, Michigan State College. Ice Cream Field, 
34: 5, 28, 29, 34, Nov., 1939. 
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The authors claim that the individual flavoring characteristics of the 
liquor from particular types of cocoa beans are unknown because of the 
custom manufacturers have of blending or combining various beans before or 
during their processing. They point out further that commercial chocolates 
and cocoas in many cases are modified by the addition during milling of 
vanillin, essential oil of almonds, cinnamon, cassia, ginger, tolu balsam and 
other materials. They selected seven representative varieties of cocoa beans 
on the New York markets. The average quality, production and price of 
these varieties are given in the following table. In addition they are 
described briefly. 


Average quality . 

Production and price of cocoas 

Variety 

Quality 

Rating 

Production 

Price 

N. Y. Market 
May 4,1939 
(cents) 

1. F. F. Accra 

Sixth 

First 

4.5 

2. Arriba 

Third 

Fifth 

8.0 

3. Bahia 

Fifth 

Second 

4.5 

4. Puerto Cabello 

First 

Sixth 

12.0-18.0 

5. Caracas 

Second 

Seventh 

10.0 

6 . Sanchez 

Seventh 

Third 

4.1 

7. Trinidad 

Fourth 

Fourth 

7.5 


Ice creams of the same composition except tor the flavor used were pre¬ 
pared as a means of arriving at public preference for chocolate flavors 
peculiar to particular varieties. ( The authors report that their tests indicate 
the public preference for chocolate varieties in ice cream is for the stronger 
varieties of beans having chocolate flavor of the bitter type. They state 
that the commercial practice of blending several varieties of cocoa beans to 
avoid seasonal changes in flavor and to provide color and other desirable 
effects is justified. W.C.C. 

128. Public Health Standards for 1940. David Leyowitz, New Jersey 
Dairy Laboratories. lee Cream Field, 34: 4, 45-46, Oct., 1939. 

The purpose of the article is to indicate not only what changes are to be 
expected in ice cream control during the next year, but also how the ice 
cream manufacturers may prepare for them. The author considered the 
following to be important: 

Ingredients 

a. Dairy ingredients —Standards applying to fresh fluid products for 
sale as such are to be applied to these products when used in the manu¬ 
facture of ice cream. 
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b. Non-dairy ingredients —They must be of approved type, pure, and 
stored in such a manner that they are not contaminated, and given such 
treatment as is necessary prior to their addition to the mix. 

Processing Equipment and Practice 

a. Pasteurization —Heating to 155° P. (or higher) for 30 minutes by the 
“long hold” process; or where approved, 180° P. (or higher) for 16 seconds 
by high temperature-short hold process. 

b. Homogenization —May be performed by any approved emulsifying 
mechanism. Only equipment which can be easily taken apart for cleaning 
and sterilization should be approved. 

c. Cooling , freezing , and packing —The mix must be cooled to below 
50° F., immediately after the conclusion of its (pasteurization or) homogeni¬ 
zation. Molds for the freezing of bars, etc., are to be constructed without 
lead on surfaces coming into contact; with the food products. 

d. Packages —Metal cans used for bulk shipments must be made without, 
lead on surfaces coming into contact with the food product. Metal con¬ 
tainers must be cleaned and sterilized prior to use. Paper containers must 
be made of stock of the quality approved for the manufacture of milk 
containers. Assembly for containers must be done in an approved manner. 

Finished Product’s Sanitary Standards 

a. SampUs-- lee cream must be sampled with aseptic precaution from a 
full plant-package container, to determine the condition of the ice cream as 
it left the manufacturing plant. 

b. Phosphatase test —Indophenol in phosphatase tests beyond that obliga¬ 
tory through controls is definite evidence of inefficient pasteurization. 

e. Total count —A.P.H.A. trvpt on e-dextrose dairy nutrient agar is to be 
employed for the total colony count which must be well below 100.000. 

d. Direct microscopic count and types —The standards employed for 
other dairy products will apply also to an area’s ice cream. 

e. Coliform group significance —Presence of this group indicates con¬ 
tamination. Confirmatory and corroboratory tests should be run to avoid 
the reporting of false positives. 

The author discusses each of the factors listed above and points out 
further that considerable attention is now being given to ice cream dis¬ 
pensing sanitation. Those anticipating the installation of various types of 
equipment should anticipate future sanitation requirements. W.C.C. 

• 

129. Let’s Face Facts on Quick Frozen Foods. C. Q. Sherman, C. Q. 

Sherman Corp. Tee Cream Field, 34: 6, 12, 13, 51, Dee., 1939. 

The author claims that ice cream manufacturers should be interested in 
frozen foods mainly because frozen food sales are greatest when ice cream 
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sales decrease. He claims the best type of outlet for frozen foods is the 
grocer or meat dealer catering to the average housewife. To begin with, he 
considers that only staple articles should be sold such as peas, beans, spinach, 
asparagus, strawberries, raspberries, etc. 

It is pointed out that frozen foods must be displayed to be sold. The 
author warns against financing the dealers but recommends carrying in¬ 
surance against mechanical breakdowns resulting in defrosting and 
spoilage. W.C.C. 

130. Determining Sanitary Quality by Laboratory Tests. F. E. Nelson, 

\V. J. Caulfield and W. H. Martin, Kansas Agr. Exp. Sta. Ice 
Cream Field, 31 : 6, 14, 15, 16, 28, Dec., 1939. 

The following factors, it is stated, are commonly used to measure ice 
cream quality: (1) taste, (2) physical characteristics such as body and 
texture, (3) quantitative factors such as amount of overrun, butterfat and 
solids content, and (4) the sanitary quality of the product. The sanitary 
quality is much more difficult to evaluate and control than the other 
factors listed, according to the authors. 

They consider the number and types of bacteria present in ice cream to 
be due to (1) bacteria which enter the product at any point from the udder 
of the cow to the mouth of the consumer, (2) opportunities for contami¬ 
nating organisms to grow once they have gained entrance, and (3) the 
destruction of bacteria by such means as pasteurization. 

The authors report results of laboratory tests on 315 ice cream samples 
in which the latter were subjected to standard plate count for bacteria, 
the direct microscopic county the Eseherichia-Aerobaeter or Coliform 
bacteria test, and the phosphatase test. The results obtained are presented 
in tabular form and their importance discussed. It is stated that the out¬ 
standing lesson to be obtained from the results is that a definite reason can 
be found for almost all plate counts above 50,000 per ml. and for many of 
the counts above 25,000 per ml. by using only these four simple laboratory 
tests. 

In conclusion the authors state that there is no substitute for continuous 
care and vigilance on the farm, in the plant, and in the retail establishment 
but that a well run laboratory can do much to prevent irregularities in 
sanitary quality. W.C.C. 

MILK 

131. The Phosphatase Test for Control of Efficiency of Pasteurization. 

II. D. Kay, It. Ascijaffenburg and F. K. Neave, Imperial Bureau 
of Dairy Science, Shinfield, near Reading, England. Technical 
Communication No. 1, Oct., 1939. 

The article is a critical review of the phosphatase test, covering com- 
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pletely the development, modifications and application of the test to milk 
and various milk products. It summarizes the results obtained by various 
investigators pointing out the advantages and limitations of the test, the 
sensitivity, and the effect of various factors such as storage, preservatives, 
bacterial contamination, stage of lactation, and mastitis on the reliability 
of the test. 

The conclusions are that the test for milk is very sensitive, accurate, 
and effective in controlling the efficiency of pasteurization by the * ‘holder’ * 
process. The test in its appropriate modification is sufficiently sensitive to 
detect a drop in temperature of 1.0 to 1.5° F. if pasteurizing temperature is 
143° F. for 30 minutes. If 145° F. for 30 minutes a drop of 1.5° F. can be 
detected. 

A reduction of 10 minutes in holding time can be detected but not 5 
minutes with certainty. 

The presence of 0.2 to 0.23 per cent of raw milk in pasteurized product 
can be detected and in many instances even smaller amounts. 

Regarding the application of the phosphatase test to the high tempera¬ 
ture short time holding process, it is concluded that, 44 the claim that the 
phosphatase test remains sensitive under H.T.S.T. conditions is well 
founded, but further experimental evidence is required to settle a number 
of details. ,, 

It is further concluded that the accuracy of the test when applied to 
products other than milk is still disputed, and further investigation is 
required with reference to amount of sample to be used for testing, limiting 
color standards, etc. 

It is confidently expected that further research will achieve tests for 
milk products which will be as accurate and reliable for controlling the 
pasteurizing process as that already achieved for milk. 

The bulletin also has an appendix giving precautions and detailed in¬ 
structions for performing the phosphatase test. Technique for the following 
test and modifications are given. 

A. Kav-Oraham Test A and Test B. 

B. Neave’s Modification. 

C. Gilcreas and Davis Modification. 

D. Scharer’s Modification. 

1. Laboratory Test 

2. Field Test 

E. Leahy’s Modification. 

F. Aschaffenburg and Neave’s Modification. 

The price of the bulletin is two shillings. L.H.B. 

132. Accuracy of Methods of Sampling Milk Deliveries at Milk Plants. 

P. H. Tracy and S. L. Tuckey. Ill. Agr. Exp. Sta. Bull. 459, 

47-84,1939. 
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A study of the accuracy of the methods used to sample the milk delivered 
at each of four dairies. 

From the data secured from these dairies the following conclusions are 
drawn: 

1. Inaccurate tests may result from improper mixing of the milk when 
dumped into the weigh tanks. 

2. To determine the accuracy of sampling from weigh tanks, samples 
from each tank without previous stirring should be checked against samples 
taken when the milk has been thoroughly stirred. 

3. Tests on composite samples properly taken and kept will give an 
accurate measurement of the fat content of the milk. 

4. Periodic sampling would not be satisfactory on a market where vari¬ 
ations in daily tests are wide. 

5. Variation in daily tests on milk from the same patron was sufficiently 
great to indicate mechanical manipulation of the fat content. 

6. The tendency for plant composite samples to test less than laboratory 
composite samples is thought to be due to variations from the accepted 
practice in the care of the samples. 

7. Composite samples need not be taken in aliquot portions to give 
results that will be sufficiently accurate for practical purposes. O.R.O. 

133. Development and Present Status of the Big Milk Bottle. Anony¬ 

mous. Milk Plant Monthly, 28 : 9, 24, 1939. 

The demand for lower priced milk brought the large container into the 
milk distribution field. The development of the present most favored two- 
quart or half-gallon bottle from the gallon jug is discussed, giving consumer 
and distributor opinions. The gallon container with a handle appealed to 
the consumer because of* its convenience in carrying, but distributor opinion 
was that the consumer who had not used the one gallon container would 
prefer the two-quart bottle at the same price per unit of milk. The majority 
of the distributors questioned favored the two-quart bottle over the gallon 
container. G.M.T. 

134. The Relation of Nutrition of the Cow to Development of Oxidized 

Flavor in Milk. J. L. Henderson, Div, Dairy Ind., Univ. of 

Calif., Davis, Calif. Milk Plant Monthly, 28 : 12, 26, 1939. 

Eighteen papers on oxidized and rancid flavors in milk are reviewed 
showing that rations high in carotene result in a milk less susceptible to 
metal-induced oxidizer flavor and to the development of rancidity. For this 
purpose carotene concentrate, carrots and various green feeds have been 
used successfully. Maintaining a satisfactory carotene content in the milk 
throughout the year seems now to be the part of proper dairy herd managa- 
ment, thus assuring not only a more stable milk but aids in maintaining a 
uniform vitamin A potency as well. G.M.T. 
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135. A Comparison of the Imperviousness of Commonly Used Paper 

Milk Containers. K. B. Stoltz and T. V. Armstrong, Dept, of 
Dairy Teehn., Ohio State IJniv., Columbus, Ohio. Milk Plant 
Monthly, 28 : 12, 54, 1939. 

Five different makes of quart paper bottles two of square and three of 
cone construction were studied for absorption of liquids and penetrability 
of dyes. None of the bottles studied was found to be impervious. Two Of 
the three bottles paraffined in the factory, cone shaped, offered the best pro¬ 
tection against the entrance of moisture to the fibre. There was a tendency 
toward greater absorption of moisture at the higher temperatures. A 40 
per cent cream seemed less penetrable than homogenized milk or skim milk. 
The weight increase per bottle ranged from 0.11 grams to 1.55 grams. 

G.M.T. 

136. Physico-Chemical Principles Involved in Controlling Cream Body. 

II. II. Sommer, IJniv. of Wis., Madison, Wis. The Assoc. Bull., 
Intern. Assoc. Milk Dealers, 32ml year: 113-117, Dec., 1939. 

Attention is drawn to the complex nature of milk and an extensive 
catalogue made of conditions promoting or decreasing viscosity. The 
structure of cream is conceived to be due to clusters of fat globules in 
contact, one with another. The difference in effect when the adsorbed film 
is acquired by solid as compared with liquid fat globules is emphasized. A 
hypothesis is given to explain the functioning of the cooling-warming¬ 
cooling method of increasing viscosity from a physico-chemical viewpoint. 

E.F.G. 

137. Studies on the Structural Aspects of Paraffined Paper Containers. 

C. S. Mudge, D. C. Foord, J. L. Henderson. The Assoc. Bull., 
Intern. Assoc. Milk Dealers, 32nd year: 107-112, Dec., 1939. 

Completeness of paraffining of paper milk containers was measured by 
extent of staining of the board when an iodine solution was allowed to 
remain in the container for 5 minutes. Containers stored at various 
humidities for 2 to 3 weeks were examined bacteriologically, but no evidence 
was obtained that bacteria work to the surface of the paraffin layer. Sedi¬ 
ment tests made on paraffin films dissolved off with gasoline showed negli¬ 
gible sediment. Unbleached paper stocks resulted in higher ascorbic acid 
values and less impairment in flavor when the milk was exposed to direct 
sunlight for two hours than when bleached paper was used. An inner 
layer of heavily dyed paper is suggested as a possible improvement. 

E.F.G. 

138. Microscopic Examination of Pasteurized Milk. H. Maoy, Univ. of 

Minn., St. Paul, Minn. The Assoc. Bull., Intern. Assoc. Milk 
Dealers, 32nd year: No. 4: 97-106, Dec,, 1939. 
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The standard plate method and the Breed microscopic method were used 
on “street” and “plant” samples of pasteurized milk and on milk pasteur¬ 
ized in the laboratory. Dividing 275 “street” samples into six groups in the 
low count group the ratio of the plate to microscopic count was 1:260 while 
in the high count group the ratio was 1:25. The plant and individual 
patron samples followed somewhat the same general pattern. Laboratory 
pasteurized samples commonly decreased in microscopic count at least 50 
per cent following pasteurization. Thermophyles were revealed by a micro¬ 
scopic count which were not fully accounted for by the regular plating 
method for the determination of thermophyles. The results suggest that 
microscopic examination of milk may yield some helpful information. The 
types of bacteria in the raw milk will have a good deal to do with the 
results obtained by microscopic examination of the pasteurized milk, 

E.F.G. 


MISCELLANEOUS 


139. The Distributor Is the Chief Factor in the Successful and Adequate 
Consumption of Dairy Products. Mrs. W. E. Fribley, Chicago 
Housewives League, Milk Plant Monthly, 28 : 6, 52, 1939, 

Price alone does not seem to be the chief factor in the purchase and 
utilization of more milk by the average housewife, but rather indifference 
to dairy products. The consumer must be interested in dairy products, not 
by the milkman whom no housewife considers the proper person to educate 
her to use more dairy products, but through effective advertising, placards, 
pictures, radio programs, menus and luncheon parties. Many mothers 
know the children should reeeiye a quart of milk a day but grow weary of 
trying to induce them to drink it, since the children themselves have not 
been interested. The suggestion is made for the need of adequate quick 
cooking dairy dishes, for more information concerning the uses of milk, 
and for protected doorstep delivery as aids in increasing consumption of 
dairy products in the home. G.M.T. 


140. Looking into This Washing Powder Problem. A. H. Bayer, Nat. 
Dairy Products Corp., Schenectady, N. Y. Nat. Butter and Cheese 
J., 30 : 11, 52, 1939. 

For good cleaning and prolonging of life of equipment study each 
cleaning job, do not use washing powder in excess, see that equipment is 
properly washed, he sure equipment is left dry after cleaning and sterilizing, 
get a reliable vendor to survey your requirements and use his service. 

W.V.P. 
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ABSTRACTS OF LITERATURE 
BOOK REVIEWS 

141. Food Control: Its Public Health Aspects: A Manual for Regulatory 

Officers, Food Technologists and Students of the Food Industry. 

James Houston Shrader. Price $4.00, 513 pages. Published by 

J. Wiley & Sons, Inc., New York, 1939. 

This book is a general text, giving a broad comprehensive view on why 
food control is necessary, what methods are used commercially in such control 
and how these control measures are applied. 

Since the handling of milk is of major interest as a food control subject, 
almost half of the book is upon milk and milk products. The remaining parts 
of the book deal with meats, eggs, fish, canned foods and other products. 

The author gives good evidence for the proper pasteurization of milk, ice 
cream mixes, cream for butter making and milk used in making the various 
types of cheese. The effectiveness of pasteurization was brought out in the 
following manner. Based on the total number of officially reported milk- 
borne epidemics found in the United States for the years 1923-1935 and as¬ 
suming that 2 per cent of the fluid milk consumed is raw certified, 49 per cent 
pasteurized and 49 per cent is ordinary raw milk, it; was calculated that for 
every outbreak due to pasteurized milk there were 2.5 due to certified and 
26.3 attributable to ordinary raw milk. 

This book is of value to the person interested in the general application 
of control measures for the various food products. The subjects covered are 
so broad that the author has been forced to restrict a great deal of his informa¬ 
tion to general principles and their applications. M.E.Hull 

142. Standard Methods of the Division of Laboratories and Research 

of the New York State Dept, of Health, Second Edition. Augus¬ 
tus B. Wadsworth. The Williams & Wilkins Company, Baltimore. 

1939. 681 pages, illustrated, price $7.50. 

Tiiis useful handbook of methods describes in detail the general and spe¬ 
cial technical procedures used in the various branches of the Division of 
Laboratories and Research of the New York State Department of Health. 
The assembly, under one cover, of the techniques and procedures employed 
in the various branches of the service provides a unique and servicable guide 
for the workers in similar fields. 

This work is carefully prepared and well illustrated. Thb techniques and 
procedures are clearly described and easily followed. 

Of special interest to the readers of the Journal of Dairy Science are 
the sections dealing with General Laboratory Procedures; Methods Used in 
the Department for the Preparation of Media, Glassware, and Diagnostic 
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Outfits; and Methods Used in the Laboratories for Sanitary and Analytical 
Chemistry. T.S.S. 

BACTERIOLOGY 

143. Concerning Intestinal Bacteria. Sigurd Funder. Naturen, Nos. 7 

and 8, 1939. 

Mr. Funder reviews the work done in the past on intestinal microflora 
from the earliest days of bacteriology up to the time he conducted experi¬ 
ments with students at the Wisconsin University. His studies were con¬ 
cerned with the effect on intestinal flora in feces of adults when an exclusive 
diet of whole milk was used. 

The experiment was carried out with three students in good health who 
had no previous intestinal disorders or digestive difficulties. 

Contrary to previous expectations the exclusive milk diet did not change 
the composition of the intestinal flora. Bacterium Coli assumed the domi¬ 
nating position. 

A complete milk diet did not create conditions that increased the lacto- 
bacilli in the intestinal canal. When large quantities of milk were taken with 
an ordinary mixed meal a decided increase in the laetobacilli was noted. 

Added laetobacilli ( L . acidolphilus, L. bulgaricus, L. helveticus) increased 
the number in feces only during the period they were added to the diet. 
During this period laetobacilli were not isolated from feces. This confirms 
the contention that an exclusive milk diet cannot give conditions for an 
increase of laetobacilli in the intestinal canal. Increase in laetobacilli is 
obtained by drinking 2 liters milk per day. An exclusive milk diet increases 
the pH in feces—a reduction in acidity. Joel G. Winkjer 

BUTTER 

144. Refrigeration in Butter and Cheese Making. L. C. Thomsen, Univ. 

of Wisconsin. Refrigerating Engineering, 39: 2, 1940. 

Details of manufacture of creamery butter are outlined together with 
necessary refrigeration requirements in connection with pasteurization cool¬ 
ing loads of holding and flash pasteurization systems. Short time and long 
time butter storage temperatures are stated. Brief descriptions are given of 
the three systems of cooling applied to cream; brine, “sweet” water, and 
direct expansion, accompanied by tables of temperature differences to be 
maintained. The temperatures for storage and ripening of a number of 
varieties of cheese together with relative humidities are listed in tabular form. 
A brief discussion is devoted to freezing cheese (Cheddar) and its defrosting. 
The cheese should be quick frozen, maintained 10° below its freezing point 
temperature, and defrosted in a room maintained at a temperature of 30° F. 
and with low relative humidity, to prevent mold development. L.M.D. 
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DISEASE 

145. Results from Vaccination of Heifers and Calves Against Bang's 

Disease. C. M. Haring, Univ. of Calif. Cert. Milk, 14: 164, 9, 
1939. 

The author's experiments show that the rate of recession of agglutinins 
induced by vaccination is fairly rapid in calves and slower in older animals, 
with some animals not becoming negative again for four years or more. It 
is also reported that there has been no evidence of the transfer of strain 19 
from vaccinated 1o non-vaccina ted cattle which have been kept together for 
several years. W.S.M. 

FEEDS AND FEEDING 

146. The Development of Dairy Heifers. E. G. IIarrison, Cornell Univ. 

Cert. Milk, 14: 162, 7, 1939. 

This discussion deals chiefly with two considerations. First, what is the 
cost of growing a heifer from birth to the freshening age ? Second, is it more 
economical to raise or purchase the necessary replacements ? The author con- 
el udes that practically every argument favors raising the necessary herd re¬ 
placements. It is pointed out that the costs of growing a replacement is 
so great that onh’ heifers from profitable producing darns, and sired by 
good bulIs should be raised. W.S.M. 

147. Feeding of Grass Silage to Dairy Cows. C. B. Bender, N. J. Agr. 

Exp. Sta., New Brunswick, N. J. Cert. Milk, If: 163, 5, 1939. 

It is pointed out in this article that grass silage is a cheap priced high 
quality roughage, which has excellent production and growth values. Feed¬ 
ing trials showed that cows fed grass silage over the level of 4F> pounds per 
day increased the color of milk because of the added carotene content. This 
milk was also found to be of higher quality as far as flavor is concerned. 

W.S.M. 

FOOD VALUE OF DAIRY PRODUCTS 

148. The Importance of a High Vitamin D Content in Milk. II. A. 

Ruehe, Univ. of III Cert. Milk, If: 162, 5, 1939. 

A review of the newer findings which have been made regarding vitamin D 
and their application to milk. W.S.M. 

149. Measurement of the Digestibility of Milk. L. A. Chambers, Univ. 

of Pa. Cert. Milk, 14: 163, 2, 1939. 

The various methods which have been suggested for measuring the digesti¬ 
bility of milk and their significance are discussed. The author briefly sum¬ 
marizes the present status of this subject as follows: 
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“The rapid development of interest in easily digested milks has created 
the necessity for rapid laboratory measurement of their suitability; we have 
certain more or less standardized tests which measure definite properties of 
milk products under the arbitrary test condition; but, we do not know what 
properties of cow’s milk or its curds should be altered to produce the desired 
substitute for human milk, nor the conditions under which these properties 
should be measured.* ’ W.S.M. 

ICE CREAM 

150. Gone Are the Days. W. H. List, Jr. New York, Pennsylvania and 

New Jersey Ice Cream Assocs. New York, N. Y. Proc. 39th Ann. 

Conv. Int Assoc. of Ice Cream Mfrs., 1: 70, Oct., 1939. 

This is an excellent historical presentation of the development of the ice 
cream industry. The author states that sanitation and pasteurization have 
played an important part in the development of the industry. The passage 
of state laws defining and regulating the product have been very helpful. 
The development of better distribution methods because of better highways 
and improved motor trucks has proved to be an impetus in the growth of the 
business. The product has been maintained in better condition by the use of 
dry ice and the development of dependable mechanical cabinets. Packaged 
ice creams, specialties and novelties have given the consumer a greater variety 
of good products. M.J.M. 

151. The Year’s Work. Robert C. Hibben, Sec , I. A. I. C. M., Washing¬ 

ton, D. C. Proc. 39th Ann. Conv. Int. Assoc, of Ice Cream Mfrs, 

1: 43, Oct., 1939. 

The activities of the International Association of Ice Cream Manufac¬ 
turers for 1939 were largely directed towards three types of considerations. 

1. Federal and state regulations. 

2. Inter-industry relations. 

3. Association activities. 

Much effort was expended in cooperation with the Federal government 
in an attempt to work out satisfactory standards for ice cream. Wage and 
hour amendments affecting the industry were made in the Fair Labor Stand¬ 
ards Act of 1938. 

Another important function of the association work is the dissemination 
of goodwill and correct industry information to other industries and asso¬ 
ciations in related fields of endeavor. Much of this work has been done with 
the cooperation of the National Dairy Council, the Dairy Industries Supply 
Association and the Ice Cream Merchandising Institute. 

152. The Dairy Situation as it Affects the Ice Cream Industry. 0. E. 

Reed, Bureau of Dairy Industry, Washington, D. C. Proc. 39th 

Ann. Conv. lut Assoc, of Ice Cream Mfrs., 1: 25, Oct, 1939. 
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The number of dairy cows in the United States increased from 1920 to 
1934, then decreased until 1938. Since that time more than the average 
number of calves have been kept for replacement and because of this, the 
number of milch cows may increase during 1940 and 1941. Due to abundant 
feed supplies, milk production in 1938 readied an all-time high, with 845 
pounds of milk produced for each person in the country. The total con¬ 
sumption of milk and milk products per person also reached a new high of 
808 pounds of milk, or 37 pounds less than the per capita production. 

Consumption of all dairy products is expected to increase. Ice cream con¬ 
sumption decreased 43 per cent from 1929 to 1933, but by 1937 had reached 
a level of 281 million gallons, which is considerably higher than that of 260 
million gallons in 1929. 

Factors which are retarding the development of the Dairy Industry are 
inefficient feeding and breeding methods, too low a price for milk and uneco¬ 
nomical disposal of by-products. At the present time much more attention is 
being given to the expansion of dairy markets and the utilization of skimmilk 
and whey by-products. These developments should affect, the dairy industry 
favorably. M.J.M. 

153. The Ice Cream Industry in 1939. W. J. Bakritt, Poinsettia Dairy 

Products, Tampa, Fia. Proe. 39th Ann. Conv. lilt. Assoc, of Ice 

Cream Mfrs., 1: 21, Oct., 1939. 

During the past year the industry has united in working together on many 
pressing problems. Chief of these were in connection with the revision of 
the Food and Drug Act, The Motor Carrier Act and the Fair Labor Standards 
Act. Two tasks still ahead of the industry, according to President Barritt, 
are better merchandising methods and consumer education. M.J.M. 

154. Analysis of Truck Refrigerating Systems. O’Neal M. Johnson. 

Int. Ass’n of Ice Cream Mfrs., Washington, D. C., Bull. 439, 1940. 

In this survey, 376 ice cream plants and 48 sales branches, with a 1938 
gallonage of 48,305,228 cooperated in an analysis of truck refrigeration sys¬ 
tems. The average number of trucks per plant was 6J; however the range 
in number of trucks was large because small as well as large companies were 
included in the survey. The results of the survey are summarized in the 
following table: 
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Ice Cream Truck He frig crating Systems , 19S9 



Districts 

Type of Refrigeration 

United 

States 

North 

Atlantic 

Southern 

Central 

Eastern 

Mid-west 

Western 


% 

% 

% 

1 % 

i % 

% 

Mechanical Refrigeration: 
Continuous: Pinned coil, bare 
tube coil, or refrigerated wall: 

: 



1 



Condensing Unit on truck driven 







only during period of doliverv 
by: 





i 

i 

0.4 

Mechanical power take off 
Condensing Unit on truck 

0.7 

0.2 

0.9 


j 4.1 


plugged into power line at 
night and driven during 
period of delivery by: 
Generator-electric motor system 

0.9 

0.3 

2.8 


i 

i 

2.4 

1.0 

Mechanical power take off . 

Eoldover: Eutectic plates pulled 

1.9 

2.1 

8.3 

0.8 

0.7 


down or frozen by: 







Central plant ammonia system. 

Condensing unit in garage or 

11.3 

7.1 

33,4 

7.1 

21.8 

7.7 

charging dock . 

Condensing unit on truck oper- 

13.1 

17.7 

4.1 

15.0 

9.2 

8.1 

ated only at night by hook up 
to power line . 

16.2 

18.4 

23.4 

18.3 

20.8 

4.2 

Partial Eoldover : Combining 







eutectic plates and expansion 
coils: 







Condensing Unit on truck 







plugged into power line at 







night and driven during r 
period of delivery by: 







Separate gasoline engine . 

0.8 

1.5 

0.5 


0.7 


Generator-electric motor system 

U 

0.1 

0.5 

0.5 

7.9 


Mechanical power taken off . 

Non-Mechanically Refrigerated 

1.8 

1 

0.5 

4.6 

2.4 

6.2 

0.2 

Bodies: 

Dry Ice . 

35.3 

36.6 

5.0 

37.9 

1.0 

64.1 

Cartridge, Slug, or Bullet. 

2.3 

2.1 

4.1 

4.1 

2.7 

2.6 

Cartridge combined With Dry Ice 

0.2 





1.0 

Ice and Salt (brine) . 

Open or Panel Bodies: 

4.4 

3.6 

5.5 

5.7 

7.2 

2.8 

Used without insulation or re¬ 







frigeration . 

5.4 

1.9 

6.9 

7.9 

14.3 

5.3 

With “packers” . 

With “ packers” using frozen 

0.5 

0.3 


0.3 

1.0 

1.0 

brine caps . 

0.3 




■ 

1.6 

Miscellaneous , Unclassified . 

3.3 

7.6 





All trucks . 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 


M.J.M. 
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155. A Manufacturer Speaks of Chocolate. E. W. Meeker, Walter Baker 

& Co., Inc. Ice Cream Field, 35: 1, 21, 1940. 

The author gives the results of tests carried out under the supervision of 
Walter Baker & Co. comparing chocolate liquor, cocoa powder and blends 
of these two, all of which were made from the same blend of beans. He 
states that the best chocolate flavor in ice cream was derived from chocolate 
liquor, further, that chocolate liquor was found to give the best chocolate 
flavor for chocolate cake coating. 

It is pointed out that these results are not wholly in agreement with 
previously reported findings. 

It is claimed in support of these results that part of the flavor is carried 
in the cacao fat, lienee if enough chocolate liquor is used to supply the same 
quantity of non-fat, cacao solids that, would be necessary to give a desirable 
flavor where cocoa powder is used, that there would be more true chocolate 
flavor in the first than in the second case. The author states, however, that 
it is possible to make satisfactory chocolate flavored ice cream w r ith either 
chocolate liquor, cocoa powder or a blend of the two. W.C.C. 

156. Sales Advance. O’Neal M. Johnson. Ice Cream Trade J., 36: 1 , 50, 

1940. 

The January-to-August Ice ('ream Sales Index just issued by the Statis¬ 
tical and Accounting Bureau of the International Association of Ice Cream 
Manufacturers, shows for the first four months, a loss of 1.97 per cent had 
been sustained; in the second four, an increase of 5.08 per cent recovered 
earlier losses and recorded a gain for the entire eight-month period of 3.04 
per cent. The Index is based on the reports of 779 plants, representing 
1938 sales of 107,998,619 gallons. W.I1.M. 

157. Whipping Capacity of Ice Cream Mixes. B. I. Masurovsky. Ice 

Cream Trade J., 36: 1, 52, 1940. 

The author reviews some of the ice cream research work of the past year 
giving particular attention to the article on whipping capacity of ice cream 
mixes by Alan Leighton and Abraham Leviton, published in Industrial and 
Engineering Chemistry, Vol. 31. Reference is made to effect of aging, homo¬ 
genization pressures, butterfat content, sugar, and stabilizers on the whip¬ 
ping properties of the mix. W.H.M. 

158. Successful Retail Management. Robert Settle. Ice Cream Trade 

J., 36: 1, 36, 1940. 

In addition to supervisory control and management, the retail store 
supervisor should inventory the store equipment at least every three 
months, investigate the background and education of prospective store em- 
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ployees, outline a training program for employees, hold weekly sales meet¬ 
ings, be responsible for the proper display of point-of-sale advertising and 
be alert for new merchandising plans and ideas. W.H.M. 

159. Quality Control of Ice Cream. V. C. Stebnitz. Ice Cream Trade J., 

36: 1,12, 1940. 

The following tests are frequently used in checking the quality of ice 
cream: flavor, body, texture, color, butterfat, total solids, acidity, overrun, 
melt-down, bacterial count, colon-aerogenes organisms, efficiency of pasteuri¬ 
zation, and efficiency of homogenization. The author discusses each of these 
quality tests and how they may be used by the manufacturer in maintaining 
the quality of his product. The effect of ice cream ingredients on the quality 
of ice cream is also described. W.H.M. 

160. Selective Distribution. Anthony Menafra. Ice Cream Trade J., 

35: 12, 8, 1939. 

Cardani, operating in greater New York, lias found that the practice of 
giving selected dealers exclusive agencies in a given area has resulted in 
higher than average prices and has increased volume consistently. This con¬ 
cern has specialized on the “French” type of ice cream and a “Custom- 
Made” pint package which is considerably richer than their bulk ice cream. 
They also operate a small pastry department which makes it possible to 
offer dealers a special ice cream and cookie combination. Spumone is also 
featured by this company. W.H.M. 

161. The Use of Dextrose in Ice Cream. W. -J. Corbett and P. H. Tracy. 

Ice Cream Trade J., 35: 12, 11, 1939. 

To test the adaptability of dextrose for use in commercial ice cream, all 
sucrose ice creams and part dextrose ice creams were compared. Results 
showed that the time required to secure 100 per cent overrun on direct ex¬ 
pansion batch freezers was practically the same for both types of ice cream. 
The drawing temperature for the dextrose ice cream was about 1° F. lower 
than that of the sucrose ice cream. The replacement of 25 per cent of the 
sucrose with dextrose had little or no effect on the flavor and the body 
and texture scores. Dextrose ice cream melted more quickly in the 
mouth. The development of sandiness in high-serum-solid ice cream was 
delayed slightly by the dextrose. When dipped at the same temperature 
the loss was slightly greater in the dextrose ice cream; by lowering the dip¬ 
ping temperature of the dextrose ice cream the dipping losses were practi¬ 
cally the same for both types of ice cream. At temperatures below 0° F. 
the penetration test was the same for both types, but above 0° F. the dex¬ 
trose ice cream was less resistant. The time at which the dextrose was added 
made no difference in the whipping and freezing time. When frozen on a 
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continuous freezer the dextrose ice cream had a slightly sticky body; how¬ 
ever, this defect could be corrected by reducing the gelatin content about 
one-fourth. Dextrose did not alter the color of the mix appreciably, lowered 
the viscosity of mix, generally lowered the pH slightly, and had no mea¬ 
surable effect on protein stability or curd tension of the mixes. The con¬ 
sumer preference study indicated that 1 pound of dextrose is equal to 0.83 
pound of sucrose in sweetening ability. When one-fourth of the sucrose was 
replaced by dextrose at the rate of 1.43 pound to 1 pound omitted the con¬ 
sumers thought the dextrose ice cream tasted richer. It was also noted that 
the dextrose ice cream melted slightly faster on the tongue and gave a 
cooler, more refreshing effect. W.II.M. 

MILK 

162. The Route Profit and Loss Report and the Comparison Thereof. 

II. L. Gill, Arden Farms, Inc., Los Angeles, Calif. The Assoc. 
Bull., Intern. Assoc*, of Milk Dealers, 32nd year, 7: 182-184, Janu¬ 
ary, 1940. 

Particular attention is paid to the break-even point. It is stated that 
neither the total number of units nor dollars and cents sales are as good an 
indication of the merits of a route as the kinds of products sold. Individual 
route profit and Joss accounting may cost no more than $1.50 per month. 

E.F.G. 

163. How Odors and Flavors in Milk Can be Controlled by Feeding. 

James A. Emerson, Arden Farms, Inc., Los Angeles, Calif. The 
Assoc. Bull. Intern. Assoc, of Milk Dealers, 32nd year, 6: 165-168, 
December, 1939. 

Alfalfa hay should be fed immediately after milking and in such quan¬ 
tities that it is cleaned up within 3 hours. Green alfalfa should be fed twice 
daily in equal amounts immediately after milking is finished so that the 
longest time jiossible after feeding will elapse before the next milking. A 
full 5 hours should elapse between finishing roughage and milking. When 
silage is fed in outdoor racks with roughage, 10-12 lbs. daily right after 
milking seems to leave no harmful flavors or odors in the milk. Thirty or 
forty lbs. of silage at one feeding will not produce a fine flavored milk. Cows 
pastured on alfalfa, green barley, Sudan, sweet clover or rye must be put in 
dry corrall 5 hours before milking to produce milk free from feed odors. 
Mangers not cleaned frequently are responsible for off flavors in the milk. 
Feed flavors in milk are controlled more by the time allowance after feeding 
before milking is started rather than by the kind of feed usJd. E.F.G. 

164. Rancid-Flavored Milk: Its Cause and Control. N. P. Tarassuk, 

Univ. of Calif,, Davis, Calif. The Assoc. Bull., Intern. Assoc, of 
Milk Dealers, 32nd year, 6: 153-160, December, 1939. 



A64 


ABSTRACTS OF LITERATURE ON MILK AND MILK PRODUCTS 


Practically all samples of raw milk contain a lipase or hydrolytic fat 
splitting enzyme. The lipase can commonly be activated by homogenization, 
violent shaking and by certain temperature changes. In the so-called “ bit¬ 
ter milk of late lactation” rancidity develops naturally or without activation 
of any kind. 

A Holstein cow that produced milk naturally lipase active gave milk of 
high activity on dry feed, but when changed to pasture failed to show any 
perceptible activity. Dry feed again produced lipase active milk, but this 
activity disappeared when the cow was placed on green feed again. Surface 
tension was decreased from 49-51 dynes in normal milk to 39-40 per cm. 
and occasionally lower for rancid milk. Rancidity can be detected by mea¬ 
suring the surface tension of the milk sooner than organoleptically. The 
addition of as little as 5 per cent of rancid milk to normal pasteurized whole 
milk produced an acid curd of weak clot and poor flavor. Heating the milk 
as soon as possible or not later than 4 or 5 hours after milking to a tempera¬ 
ture of 130° F. for 30 minutes entirely prevented the development of rancid 
flavor within 7 days in the cold. E.F.G. 

165. Electric Dairy Utensil Sterilizers. B. D. Moses, Univ. of Calif., 

Davis, Calif. The Assoc. Bull., Intern. Assoc, of Milk Dealers, 32nd 
year, 5; 141-350, December, 1939. 

Satisfactory heat treatment of dairy utensils according to California law 
requires utensil exposure to at least 170° F. water or water vapor for at least 
15 minutes. Two types of equipment, one a low-pressure high-wattage, some¬ 
times called the “instantaneous type” and the other a liigli-pressure low- 
wattage one sometimes called the “steam accumulator type” are described. 
These are actually accessories to steam cabinets. Two drawbacks with elec¬ 
trically heated boilers has been hard water scale and high electric rates. 
The former has been remedied through water softeners and careful opera¬ 
tion. The latter is not easily controlled but may be comparable to boilers 
using oil. Advantages and disadvantages of the two types of heaters are 
given. Descriptions include cuts of the equipment and graphs showing 
relationships between characteristics of equipment and current consumption. 

E.F.G. 

166. Field Quality Control of Market Milk-Sediment Control. Walter 

F. Gilpin, Golden State Co., Ltd., San Francisco, Calif. The Assoc. 
Bull., Intern. Assoc, of Milk Dealers, 32nd year, 5; 135-140, 
December, 1939. 

The author suggests doing away with a weigh can strainer—that the head 
on the edge of hooded pails be turned back only far enough to make a little 
trough which will prevent dirt from the hood entering the pail. Dust sources 
are drives, water, water and steam pipes and can lids (umbrella type is 
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recommended). The ice box is suggested as a good place to store cans. An 
instance is reported of an old insulated ice cream truck body being equipped 
with a small compressor and used as a roadside platform. In transportation 
a 5 ft. length of hose with a sprinkler head is suggested for washing cans. 
Shelter sheds are valuable for feeding hay. In one instance it was found 
that air currents left a dead spot at the exact location of the milk (fooler 
allowing dust to settle. Instances of other common causes of sediment are 
given. E.F.G. 

167. Farm Control of Milk Quality. E. H. B auger, Borden Dairy Deliv¬ 

ery Co., San Francisco, Calif. The Assoc. Bull., Intern. Assoc. Milk 
Dealers, 32nd year, .5; 129-134, December, 1939. 

A careful summary is given of the factors involved in the production of 
high quality milk. The producer, disease in the herd, milkers, the type and 
care of equipment, including milking machines and the cooling of milk are 
treated. The important items of laboratory reports are discussed, the author 
concluding with the factor of producer-distributor relations. E.F.G. 

168. The American Dairy Science Association Quality Program for 

Dairy Products. W. II. E. Reid, Univ. of Mo., Columbia, Mo. The 
Ass’n Bull., Intern. Assoc, of Milk Dealers, 32nd year, 5: 121-128, 
December, 1939. 

The author is chairman of the committee on quality program of the 
manufacturing section of the American Dairy Science Association. The 
organization of the committee and its functions during the past three years 
are outlined. The subcommittee on market milk lias directed its attention 
to improvement of quality in the smaller towns and cities. Lack of uni¬ 
formity of inspection and various interpretations of what constitute quality 
are found. A subcommittee on cream has made a study of the so-called 
French weed flavor. The subcommittee on butter has emphasized butter 
audits including analyses and keeping quality studies. The subcommittee 
on cheese has sponsored a program which includes control of many quality 
factors from the producer through to the final product. The subcommittee 
on ice cream has included educational ice cream scoring contests in its pro¬ 
gram. The subcommittee on condensed milk and milk powder has made a 
study of the quality control measures in 10 units in the industry. Many 
objectives and accomplishments of the quality program are pointed out and 
their significance suggested. E.F.G. 

169. The Relation of Metals and Their Alloys to the Flavor of Milk. C. 

L. Roadhouse, Univ. of Calif., Davis, Calif. The Ass’n Bull., 
Intern. Assoc, of Milk Dealers, 32nd year, 6: 161-164, December, 
1939. 

Attention is drawn to the fact that exposed copper and rusty equipment 
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are the principal causes of the objectionable flavor of pasteurized milk. The 
small amounts of copper sometimes required to develop oxidized flavor is 
shown by the fact that at the California Experiment Station when 5 gallons 
of hot milk was passed through a bronze sanitary pump, the tinned surface 
of which had been largely removed, sufficient copper was dissolved in the 
milk to cause a reduction in the score of two points after 4 days storage at 
40° F. Rather small quantities of copper will cause oxidized flavor when 
the milk is especially susceptible. Tests on a number of copper-nickel 
alloys revealed that those containing tin and zinc lost less copper and 
affected the flavor of milk less than alloys not containing these metals. 
Some of these alloys are good for small parts of equipment which cannot be 
satisfactorily fabricated from non-corrodible materials. Analyses of seven 
alloys are given. E.F.G. 

170. The Production and Control of Good Flavor in Milk. 0. F. Gar¬ 

rett and C. B. Bender, New Jersey Agr. Exp. Sta. Milk Plant 

Monthly, 29: 1, 23-25, 1940. 

The importance of good flavor to the consumption of milk is emphasized. 
Placing in the hands of the consumer a fine-flavored milk is a two-fold re¬ 
sponsibility—that of the producer and of the processor-distributor. The 
association between the presence of carotene and the susceptibility of the 
milk toward the development of the oxidized flavor suggests the necessity of 
feeding high carotene feeds the year round. Data show that feeds high in 
carotene, as grass silage, result in a milk of higher initial flavor and one more 
stable upon storage. 

The production and feeding of grass silage appears to have several ad¬ 
vantages : 1, the system fits into the soil erosion program through the grow¬ 
ing of soil covering crops as legumes and grasses; 2, making of grass silage 
is good crop insurance as the grasses and legumes may be ensiled in wet 
weather; 3, ensiling grasses and legumes fit in well with the problems of 
producing hay; 4, the making of grass silage affords a means of making use 
of surplus pasture grasses; 5, ensiling grasses and legumes is a good preser¬ 
vation of nutrients, particularly carotene; 6, feeding grass silage results in 
superior flavored milk of good keeping quality; 7, grass silage of excellent 
quality is usually cheaper than hay of the same quality. 

For winter feeding to produce milk of high color and good flavor the 
authors suggest the feeding of the usual grain ration, from 6-10 pounds of 
hay, and all the grass or legume silage the cows will eat, which ranges from 
30 to 80 pounds depending on the size of the cow. They advise feeding all 
roughages immediately after milking, cleaning up that uneaten and ventilat¬ 
ing the barn at least 30 minutes before each milking. G.M.T. 

171. A Comparison of the Imperviousness of Commonly Used Paper 

Milk Containers. It. B. Stoltz and T. V. Armstrong, Dept, of 
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Dairy Techn., Ohio State University. Milk Dealer, 29: 2, 76—82, 
Nov., 1939. 

To determine the imperviousness of paper milk containers five different 
makes of quart paper milk bottles were used. Three of the makes, referred 
to as numbers 1, 3, and 4, are made up and paraffined at the factory. Num¬ 
bers 2 and 5 are paraffined at the bottling plant just prior to filling. Num¬ 
bers 1 and 5 are of square construction, the other three makes were cone 
shaped. 

The plan of study was as follows: 

One group of containers of five makes was filled with a water dye solu¬ 
tion and held for 72 hours at 40 degrees F. and at room temperature. 

A second group of containers was filled with the dye solution, held for 
18 hours at storage temperatures, then hauled around the city in a delivery 
truck for eight hours, and returned to storage for the remainder of the 72 
hours. 

A third group of containers was filled with homogenized milk and held 
in storage for 24 hours. The dye solution was then substituted for the addi¬ 
tional 48 hours. 

A fourth group was filled with skimmilk, whole milk, 20 per cent (-ream, 
and 40 per cent cream for 72 hours. 

The final part of the study was devoted to experimenting with different 
waxes and methods of dipping, in an effort to produce a coating that would 
prove entirely impervious to moisture. 

From this work the authors concluded that: 

“The data collected show that there is not a paper bottle on the market 
today that is impervious. 

Our tests indicate that the two cone shaped containers, which were made 
up and paraffined in the factory, offered the best protection against the 
entrance of moisture to the fiber, Bottle No. 4 showed the least sign of 
absorption of the dye solution, and the least increase in weight. This was 
the heaviest bottle of the lot; the increased weight apparently being due to 
a heavier coating of paraffin. When bottle No. 3 was given an additional 
dipping, increasing its weight comparable with bottle No. 4, it was then as 
impervious to the dye as was No. 4. 

While all the bottles did not show greater increases in weight when held 
at the higher temperatures, there is indication that increased temperature 
does have a tendency to cause greater absorption. 

The use of 40 per cent cream seemed to render the containers less imper¬ 
vious than when milk or skimmilk was used. , 

The average weight increases of all the containers in these comparisons 
were, container No. 4—0.11 grams, No. 3—0.41 grams. No. 2—0.55 grams, 
No. 1—1.48 grams, and No. 5—1.55 grams.” C.J.B. 
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172. Two-Quart Paper Containers on Retail Routes in New York City. 

Anonymous. Milk Dealer, 29: 2, 40-44, Nov., 1939. 

The Sheffield Farms Company, Inc. and the Borden Farm Products Di¬ 
vision of the Borden Company are introducing two-quart paper milk con¬ 
tainers on retail routes in New York City at a savings to customers of three 
cents per bottle. The major items of saving in the new delivery system are: 

Elimination of loss from lost and broken bottles— 40,000 bottles per day 
in our operations alone (Borden). 

Elimination of time and effort required to collect and handle empty 
bottles—approximately 25 per cent of drivers y time—and devotion of 
drivel's 1 full time to selling and delivery, with less physical effort. 

Elimination of expensive bottle washing machinery and its operation 
and maintenance. 

Elimination of ice waste in refrigeration of produce on delivery vehicles. 
The new container can be insulated and refrigerated far more efficiently 
and more economically than glass bottles. 

Reduction in operating cost, maintenance and depreciation of vehicles 
due to lighter loads. Milk in fiber containers weighs only 40 per cent as 
much as milk in glass. Saving in space displacement alone is more than 50 
per cent. 

Finally, lower prices almost automatically bring greater consumption 
making it possible to effect fractional savings due to increased volume. 

C.J.B. 

173. Observations on Cooked Flavor in Milk—Its Source and Signifi¬ 

cance. D. V. Josephson and F. J. Doan, Pennsylvania State Col¬ 
lege, State College, Pa. Milk Dealer, 29: 2, 35-36, 54-62, Nov., 
1939. 

A detailed report of a study of the cooked flavor in milk. The authors 
report the following conclusions: 

When milk, cream, skimmilk and some other dairy products are heated 
to a sufficiently high temperature or held for a sufficient period of time at 
lower temperatures, sulfhydryl compounds are formed from one or more 
of the proteins present. 

These sulfhydryl compounds seem to be wholly responsible for the 
cooked flavor of heated milk and milk products. They are also responsible 
for the decrease in oxidation-reduction potential noted in heated dairy 
products, since they are active reducing substances. 

The sulfhydfyl compounds are active antioxidants and appear to be 
responsible for the inhibition of the development of tallowy or oxidized 
flavor in milk heated to temperatures over 170 degrees F. 

In becoming oxidized (spontaneously or due to copper contamination) 
the sulfhydryls apparently lose their flavor characteristic and the milk or 
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milk product which previously exhibited a cooked flavor becomes indistin¬ 
guishable from similar unheated milk. 

Most heated milk products do not become tallowy or oxidized until the 
sulfhvdryls are first oxidized and the cooked flavor has disappeared. 
Washed cream buttermilk in some cases appears to be an exception to this 
general rule. 

The sulfhydryl substances in heated milk not only protect the milk 
against the development of tallowy flavor but actually act as antioxidants 
towards ascorbic acid (itself an antioxidant toward tallowy flavor). 

Milk, cream and skimmilk heated to temperatures in excess of 170 de¬ 
grees F. do not exhibit such rapid losses of ascorbic acid on storage as does 
raw milk or milk pasteurized in the conventional manner. 

While the sources of sulfhydryl compounds have not been definitely 
ascertained, the lactalbumin of milk seems to be the most likely ingredient 
responsible, with the protein of the fat globule adsorption membrane as a 
possible additional source. Some constituents of the milk scrum, however, 
seem to exercise a modifying role in the reaction brought about by the 
heat. C.J.B. 

174. Objectives and Accomplishments of the A.D.S.A. Quality Commit¬ 

tees of the Milk and Milk Products Industries. W. IT. E. Reid, 

Univ. of Mo., Columbia, Mo. Proc. 39th Ann. Conv. Int. Assoc, of 

Ice Cream Mfrs., 1: 61, Oct., 1939. 

The primary object of the Quality Committees of the Amercian Dairy 
Science Association is to help the dairy industry to merchandise a larger 
volume of very high quality milk and milk products. The committee on 
quality are members from the faculties of the dairy departments in thirty- 
five states. These committees have been functioning for three years and 
have completed a survey of existing sanitary programs in connection with 
each dairy product. 

The program of the sub-committee on ice cream includes the following 
suggestions:—formulation of standards for the ingredients used in ice 
cream; recommendations for sanitary control in manufacturing plants and 
at the point of sale; collection of statistics relative to bacteriological stand¬ 
ards, manufacturing methods, composition, and state and municipal regula¬ 
tions; recommendations regarding overrun control and the preparation of 
a manual covering plant sanitation. Similar programs have been formu¬ 
lated for market milk and the principal dairy products. 

The information acquired by the respective quality committees of the 
A.D.S.A. will be carefully studied and organized in order that it may be 
effectively disseminated to the industry. M.J.M. 

175, The Antioxidative Action of Finely Milled Oat Flour on Milk. 0. 

F. Garrett, New Jersey Agr. Exp. Sta. Milk Plant Monthly 29: 
2, 40, 42 and 80, 1940. 
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A number of experiments were run to determine the feasibility of using 
oat flour, Avenex, to protect market milk against oxidative deterioration. 
Both glass and paper bottles were used in the study. Oat flour sprayed on 
the inner wall of the paper bottles as well as sprayed in the form of an oat 
oil, Avenol, onto the inner wall, while the paraffin was molten had a slight 
effect on retardation of copper induced oxidation. Likewise, when the 
paper was sized with oat flour before fabricating or paraffining the develop¬ 
ment of the oxidized flavor was retarded. By this method no oat flour 
flavor appeared in the milk and no weakening of the walls of the bottle was 
noted. Milk in similarly treated bottles exposed to the sun for 30 or 60 
minutes did not develop the sunshine flavor despite the fact that only a 
small amount of oat flour was on the wall of the milk container and this 
under a paraffin film. G.M.T. 

MISCELLANEOUS 

176. Further Development in the Modification of Cost Accounting Pro¬ 

cedure. E. B. McClain, Assoc. Accountant, Chicago, 111. The 

Assoc. Bull., Intern. Assoc, of Milk Dealers, 32nd year, 6: 175-181. 

1939. 

New developments in the simplified cost accounting system particularly 
with reference to route operating statements and break-even points are 
illustrated. E.F.G. 

177. The Economic and Moral Values of Democracy. Paul F. Cadman, 

The American Research Foundation, San Francisco, Calif. Proc. 

39th Ann. Conv. Int. Assoc, of Ice Cream Mfrs., 1: 94, Oct., 1939. 

This is an able presentation of the principles and values of Democracy 
as it exists in America. M.J.M. 

178. Employer-Employee Relations. J. W. Brostow, Golden State Co., 

Ltd., San Francisco, Calif. Proc. 39th Ann. Conv. Int. Assoc, of 

Ice Cream Mfrs., 1: 84, Oct., 1939. 

There are four basic factors—two or more of which are always present 
in any employer—employee controversy. The factors are:— 

Management, which wants profit. 

Labor, which wants security, high hourly wages, and recognition. 

Labor unions, which want to perpetuate themselves. 

Government, which would eliminate oppression. 

During the past few years we have seen the results of each element 
struggling independently towards its objective. This situation must be 
replaced with techniques designed to promote cooperation between the four 
interested groups. Rightly or wrongly, the responsibility for engineering 
this cooperative approach will fall upon management. If management is 
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tempted to decline that responsibility, before it does so, let it pause and 
consider what the alternatives are apt to be. M.J.M. 

179. The Bewildered American. W. 0 . Mullendore, Southern Calif. Edi¬ 
son Co., Los Angeles, Calif. Proc. 39th Ann. Conv. Int. Assoc, of 
Ice Cream Mfrs., 1: 33, Oct.., 1939. 

This is a discussion of present economic and political questions. Sug* 
gestions are made for the solution of certain of these problems. 

M.J.M. 


PHYSIOLOGY 

180. The Endocrinology of Milk Secretion. C. W. Turner, Univ. of Mo. 

Cert. Milk, 14: 160, 5, 1939. 

Differences in productive ability of dairy cattle were found to be due to 
the difference in the rate of secretion of certain hormones of the pituitary 
and other glands of internal secretion. Production was increased by ad¬ 
ministration of dried thyroid tissue or injection of thyroxine into dairy 
cattle especially during the declining phase of lactation. W.S.M. 

181. The Mammogenic Hormones of the Anterior Pituitary. I. The 

Duct Growth Factor. A. A. Lewis and C. W. Turner. Mo. Agr. 

Exp. St a. Res. Bull. 310, 1939. 

It, had been thought for a number of years that the ovarian hormones, 
estrogen and progestin, directly stimulated the growth of the duct and 
lobule-alveolar system of the mammary gland. More recently it lias been 
shown that the action of the ovarian hormones is indirect and that the 
anterior pituitary secretes a mammogenic hormone which directly activates 
the growth of the mammary gland. There appear to be two mammogenic 
factors, one which stimulates the growth of the duct system and the other 
the lobule-alveolar system. 

This paper presents the results of studies on the duct growth factor of 
mammogen. An assay method was developed using the male mouse. Pitui- 
taries were collected and assayed from 545 cattle. A low level of mam¬ 
mogen was found in the anterior pituitarics of fetuses, growing males and 
steers. The mammogen content of beef and dairy anterior pituitaries was 
found to be low in early and late pregnancy rising to a peak at about the 
150th day. Dairy cow pituitaries contained considerably more mammogen 
than did those of beef cows. An even higher content of hormone was found 
in the pituitaries of growing heifers than in pregnant females while laetat- 
ings cows had more than dry cows. During the estrous cycle the mammogen 
content appeared to be highest in the luteal stage. 
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Male rabbits given estrone responded with an increase in mammogen to 
double the content found in pregnant rabbits. When the estrone dosage 
was excessive, however, no mammogen response was secured. 

Mainmogen (duct growth factor) was found to be readily separated from 
other known anterior pituitary hormones. Any estrogen present in the 
anterior pituitaries was found to be far too little to have caused the mouse 
mammary proliferation obtained. Concentration of mammogen to 1/400 
of the fresh condition was obtained. It is probable that separation of a 
duct-growth and a lobule-alveolar factor was secured. 

Extracts of anterior pituitary were shown to develop complete mam¬ 
mary duct systems in male and spayed female mice, spayed female rabbits 
and hypophysectomized ground squirrels. Author’s Abstract. 
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ABSTRACTS OF LITERATURE 

BUTTER 

182. Fat Losses in Buttermaking. David Henry and Walter Slatter, 

Ohio State University, Columbus, Oiiio. Nat. Butter and Cheese 
J., 31: Z, 12. 1940. 

Studies determined that fat losses in a rolJ-less and in a single roll churn 
of the same make were identical; that pumping cream at 150° F. as com¬ 
pared to 90° F. increased loss of fat; and that percentage of total fat lost 
decreased with increasing fat content, but increased with increasing acid¬ 
ities of cream measured before neutralization. Losses in typical com¬ 
mercial plants range from 1.21 to 1.48 per cent of the total fat. W.V.P. 

183. Buttermilk Testing. E. W. Bird, Iowa State College, Ames, Iowa. 

Nat. Butter and Cheese J., Hi: 2, 58. 1940. 

About, 75 per cent of the fatty materials in buttermilk are true fats. 
Sterols and phospholipins constitute the remainder. Results are presented 
of twelve fat tests on a single buttermilk sample by the American Associ¬ 
ation, Babcock, Minnesota and Mojonnier tests. The first and third are 
recommended because they show greater spread of values as variations in 
fat occur. Proportion of butterfat. losses are approximately calculated 
by:. 

(100-1.2 ^ cream test) v butterm ilk test. 

Cream test 

A graph is presented which shows the relation between results obtained 
with the different fat tests; and the relation between the per cent of total 
fat lost, fat in the buttermilk and fat in the cream. The graph shows that 
proper methods of churning recover about 99 per cent of the milk fat as 
butter. W.V.P. 

184. Improving the Body of Summer Butter. S. T. Coulter. Am. 

Prod. Rev., 88: 16, 462-463. Aug. 9, 1939. 

The outstanding defect of summer made butter is “standing up” prop¬ 
erties. Since this is due to a relatively high proportion of soft fats, it- may 
be controlled by regulation of crystallization of butterfat during the 
processing of the cream. Control consists in cooling and holding cream at 
the churning temperature, this to be such a temperature that, the butterfat 
will churn in 40 to 60 minutes; and, avoiding overloading of the churn. 
By such methods firmness of butter may be varied 25 per cent. P.S.L. 
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185. New Test for Estimated Size of Water Droplets in Butter. S. T. 

Coulter. Am. Prod. Rev., 88: 7, 178. June 14, 1939. 

The writer reports the test devised by Knudsen and Sorensen in “Fette 
and Seifen.” To make the test, a piece of Schleiter and Schiill No. 702 
Extrahart filter paper is impregnated in a mixture of one ml. normal HC1 
and 100 ml. of 95 per cent alcohol containing 0.25 grams of bromophenol 
blue, and then dried. The paper is next held for 30 seconds against the 
surface of freshly cut butter. The size of the water droplets is indicated 
by the size of the blue spots which will form on the paper. P.S.L. 

186. Effect of Salt on the Microflora and Acidity of Cream. D. I. 

Thompson and H. Macy, Univ. of Minnesota, St. Paul. Nat. 
Butter and Cheese J., 31: 2, 12. 1940. 

To fresh cream was added salt (NaCl) in 0, 5, 7.5 and 10 per cent 
concentrations. Portions were then held for 10 days at temperatures of 
45° F., 60° F., and 65 to 70° F. In general the results indicate that with 
increasing salt concentrations in cream, the growth of bacteria and es¬ 
pecially yeasts was checked at reasonably low temperatures. Judged by 
aroma, the quality of cream with 7.5 and 10 per cent salt and stored at 
temperatures as high as 70° could not be criticized except for slight stale¬ 
ness after 10 days holding. W.V.P. 

187. Variability in Physical Properties of Wisconsin Butter. K. G. 

Weokel, Univ. of Wis., Madison, AY is. Nat. Butter and Cheese J., 
30: 12, 63. 1939. 

Magnitude of variations of butter in resistance to crushing, slicing 
properties, “stand up” properties and “melting point” under kitchen use 
conditions were determined for 10 Wisconsin factories over a period of a 
year. Seasonal variations were of a magnitude easily observed by the 
consumer. Manufacturing methods may account for some variations. 
Tests for slicing and resistance to softening when served may be employed 
in creameries. W.V.P, 

188. Wisconsin’s Quality Improvement Campaign. L. G. Kuenning, 

State Capitol, Madison, Wis. Nat. Butter and Cheese J., 30: 12, 
15. 1939. 

The campaign is designed to “help the farmers help themselves.” 
Farmer leaders are trained to present the program in their communities. 
Proper procedures are explained by experts from the Department of Agri¬ 
culture and. Markets and the College of Agriculture. Plant operators use 
methylene blue and sediment tests and report farmers delivering milk of 
inferior quality. State officials enforce sanitary regulations when neces¬ 
sary. W.V.P. 
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CHEESE 

189. Blending and Processing. C. R. Barker. Nat. Butter and Cheese 

J., 30: 12, 14. 1939. 

A successful blend should have cheese from several factories that has 
been slowly tempered to 70° F. The blend should be determined according 
to age and characteristics of the lots of cheese available. Each individual 
cheese should be plugged if uniformity of lots is uncertain. A good blend 
consists of 15 per cent current cheese; 15 per cent acid cheese at least 2 
months old; 45 to 50 per cent short-held cheese (1 to 3 months of age) on 
the acid side but not acid; 20 to 25 per cent short-held cheese, sweet and 
open. Storage cheese (6 months old) can replace short-held in whole or 
part. W.V.P. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

190. The Use of Different Sugars in Sweetened Condensed Skim. 

George J. Edman, Univ. of Illinois, Urbana. Nat. Butter and 

Cheese J., 31: 2, 15. 1940. 

Effects of several sugars in the making of sweetened condensed milk are 
summarized. The sugars considered are sucrose, corn sugar (dextrose), in¬ 
vert syrup and “sweetose,” a highly refined corn sugar. The solubilities 
of the sugars in making and storing condensed milk are compared and com¬ 
binations of some sugars are recommend (id to eliminate crystallization. 
Preservative action of the sugars seems related to but not entirely de¬ 
pendent on osmotic pressure. Color changes in condensed milk are marked 
when corn sugar and invert syrup are used. Combinations of these sugars 
with sucrose or use of low storage temperatures or both tend to minimize 
this defect. Thickening of condensed is particularly noticeable when high 
temperatures of preheating or high storage temperatures of both are used. 
Corn sugar and invert syrup especially induce this change. Recommended 
schedules for the use of corn sugar and “sweetose” are given. W.V.P. 

FEEDS AND FEEDING 

191. K&lberaufzuchtversuch mit erhitzter Vollmilch und naturlichen 

Vitaminzusatzen. \V. Kirsch. Zuchtungskuude, 15: 1, 18-21. 
1940. 

At the Albertus University in Konigsberg three groups of four calves 
each were fed from two to seventeen weeks of age on whole milk, untreated 
for the first group, heated for the second group, and heated but with ad¬ 
ditions of dry yeast, carrot juice and cabbage juice for the third group. 
The third group made the fastest and the second group the slowest gains. 

J.L.L. 
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192. Untersuchungen iiber die Kdrperentwicklung, Futteraufnahme und 

Futterverwertung beim roten Hohenvieh. H. Vogel und B. Nix. 

Zuchtungskunde, 15: 1, 1-17. 1940. 

At the University of Giessen seven heifer calves of the red highland 
breed were weighed each week for their first 26 weeks. Eight different 
measurements were taken every four weeks. Feed consumption per day 
and per unit of gain in live weight is given and discussed along with the 
growth curves. J.L.L. 

FOOD VALUE OF DAIRY PRODUCTS 

193. Milk as a Food throughout Life. Margaret House Irwin, Univer¬ 

sity of Wisconsin, Madison. Wis. Agr. Exp. Sta. Bull. 447. Nov. 

1939. 

Science has found that milk more than any other single food meets the 
nutritional needs of the body. The following table shows nutritive elements 
in milk and human requirements: 


Nutritional 

factor 

Average daily 
requirement for 
a 154 lb. adult 

Amount, in 3 quart 
of milk 

Approximate por- 
tion of the daily 
requirement sup¬ 
plied by 1 quart 
of whole milk 

Protein 

70 gm. 

31 gm. | 

! . h 

Calories ' 

3000 cal. 

005 cal. 

A 

Calcium 

0.08 gm. 

3.15 gin. 

i 2 

Phosphorus 

1.32 gm. 

0.9 gm. 

A 

Iron 

35 mg. 

2.0—5.0 mg. 

A 

Vitamin A 

3000 to 0000 I.U. 

900 to 1800 I.U. 

A 

Thiamin 

250 to 300 I.U. 

00 I.U. (raw milk) 

A 

Ascorbic acid 

500 I.U. 

520 I.U. (raw milk) 

1 

Vitamin D 

400 I.U. (for children) 

40 I.U. (Summer milk) 

iV 

Nicotinic acid ! 

25 mg. 

Roughly 4 to 12 mg. 

A 

Riboflavin 

1 to 2 mg. 

2 to 2.5 mg. 

1 


Milk also contains an exceptional carbohydrate in lactose which has 
nutritive properties not possessed by other sugars. Lactose digests slowly, 
favors growth of L. acidophilus with consequent acid production in the 
intestines and favors assimilation of calcium. Milk fat is digested easily 
and rapidly, is needed for proper utilization of lactose and is of superior 
nutritive value in addition to its content of vitamins A, I) and E. Effects 
of various processes such as pasteurization on nutritive value are mentioned 
briefly. The bulletin is written in a popular style and contains 40 pages, 
12 illustrations, 1 table and 65 references. W.V.P. 

ICE CREAM 

194. Controlling Distribution Costs. O'Neal M. Johnson, Int. Assoc, 
of Ice Cream Mfrs., Washington, D. C. Proc. 39th Ann. Conv. 
Int. Assoc, of Ice Cream Mfrs., 3: 43. Oct. 1939. 

In 1938 distribution costs made up 32.8 per cent of the total costs of 
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ice cream, according to the expense comparisons tabulated by the Statisti¬ 
cal and Accounting Bureau ol* the Association. This segment of cost is 
almost one-third of the total and herein lies the greatest opportunity for 
making savings. Products costs are not susceptible to much change and 
neither are manufacturing costs, which are 21.7 per cent of the total costs. 
Distribution and sales should be watched closely and kept at a minimum, 
for unless sales can be made at a profit the plant cannot operate indefinitely. 

M.J.M. • 

195. The Status of Ice Cream Stabilizers. W. C. Cole, University of 

California, Davis, Calif. Proc. 391 h Ann. Conv. Int. Assoc, of Ice 

Cream Mfrs., 2: 35. Oct. 1939. 

This is an excellent review of the subject of ice cream stabilizers, their 
nature and function when used in frozen dairy products. The author 
summarizes the paper as follows: 

“It is known that by properly proportioning the components of ice 
cream mixes and increasing their total solids one can produce ice cream 
that is palatable and smooth textured, provided the processing, freezing, 
and storing are properly controlled. Some manufacturers rely on this 
method, whereas the majority resort to stabilizers as an aid in controlling 
quality and as a means of facilitating the production of smootli-textured 
ice cream. Products such as gelatin and sodium alginate have character¬ 
istics that make them desirable for this purpose. Other stabilizers such 
as agar, pectin, arid certain gums seem better suited for ices and sherbets 
than for ice cream. 

“Since the properties of these stabilizers vary, it is generally possible, 
by selecting and using one or more of them in the correct proportion, to give 
the finished product certain desirable characteristics that might otherwise 
be lacking. This fact seems sufficient justification for their use . 99 M.J.M. 

196. Factors Causing Shrinkage in Package Ice Cream. Roland Kohler, 

Arden Farms, Inc.. Los Angeles, Calif. Proc. 39th Ann. Conv. 

Int. Assoc, of Ice Cream Mfrs., 2: 28. Oct. 1939. 

There are two types of shrinkage of ice cream in packages. One is 
severe and is due to a maladjusted mineral salt balance in connection with 
the peculiar behavior of proteins. A predominance of calcium, or a lack 
of proper balance between calcium and sodium in relation to phosphates 
and citrates, will affect the proteins, rendering them unstable. A pre¬ 
dominance of calcium may be incorporated from low Bloom gelatin or from 
some other product. Subsequent high temperature pasteurization and 
homogenization and freezing will cause curdling of the proteins and shrink¬ 
age of the ice cream. The remedy is to adjust the mineral salt balance by 
adding a small amount of sodium bicarbonate to the cold, fat-free ice cream 
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mix in the pasteurizing vat. Give the added product a chance to react, 
then subsequently add an equal or slightly smaller amount of disodium 
phosphate at a temperature range of 100° F. to 120° F. 

The second or less serious type of shrinkage is caused primarily through 
neglect and inefficiency in operation of machines and too severe application 
of refrigeration. Excessive homogenization pressures and poor freezing 
are the usual causes. The result is a gradual sinking or lowering of the 
ice cream level from the sides and top towards the center of the can. 
Faulty transportation methods often are to blame for shrinkage of the ice 
cream. Paper packages and cans, however, seem to be as satisfactory as 
metal in this respect. High yield is not one of the causes of shrinkage of 
ice cream. If the product, is made from stable ingredients, properly 
processed and frozen, shrinkage in the package is prevented. M.J.M. 

197. The Preparation of Frozen Fruit Pulps and Their Use in Ice Cream 

and Related Products. D. G. Sorber, Assoc. Chemist U. S. Dept. 

of Agriculture, Los Angeles, Calif. Proc. 39th Ann. Conv. Int. 

Assoc, of Ice Cream Mfrs., 2: 7. Oct. 1939. 

Since few ice cream manufacturers are in a position to obtain many vari¬ 
eties of fully ripened highly flavored soft fruit, it is essential that the fruit 
be properly preserved and stored for later use in ice cream. Such a process 
described in this article briefly consists of: 1. Selecting full flavored fruit 
of predetermined suitable varieties; 2. Precooling as an aid to controlling 
oxidation; 3. Washing; 4. Coarsely crashing or pureeing (depending upon 
the purpose intended) in such a way as to avoid beating air into the prod¬ 
uct ; 5. Adding a predetermined amount of sugar or syrup and thoroughly 
mixing to further aid in preventing enzymatic alteration of flavor and 
color; 6. Packing in tightly sealed enamel-lined tin cans, preferably closed 
under vacuum; 7. Rapid freezing at sub-zero temperatures; 8. Storing at 
a temperature of 0° F. or colder. 

Rapid handling throughout the entire procedure is advisable to insure 
the preservation of the maximum quality that exists in the fresh fruit. 

The more extensive use of frozen fresh fruit by the ice cream industry is 
urged as an aid to fruit growers, dairymen and ice cream manufacturers. 
The consumer, as well, will benefit from increased variety, greater appeal 
and higher quality. M.J.M. 

198. The Northwest Association’s Cooperative Laboratory Project. H. 

Macy, University of Minn., St. Paul, Minn. Proc. 39th Ann. 

Conv. Int. Assoc, of Ice Cream Mfrs., 2: 20. Oet. 1939. 

In 1938 the Northwest Association decided to: (1) adopt purchase 
standards for ice cream ingredients, (2) meet annually for a two-day con¬ 
ference of instruction, and (3) establish a cooperative laboratory to give an 
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opportunity for its members to have bacterial and chemical analyses made 
at a reasonable cost. 

The standards set for the quality of ingredients to be used in ice cream 
are given in this article. The annual conference has proved successful and 
the cooperative laboratory has proven to be an economical venture. Among 
the various ingredients examined, gelatin has given counts exceeding the 
purchase standards in 66 per cent of the samples; chocolate products in 
61.3 per cent; egg yolk in 47.5 per cent; nuts in 42 per cent; and straw¬ 
berries in 36 per cent. All of these have frequently given positive tests 
for coliform types. Over 30 per cent of the colors and fifty per cent of 
the flavors were unsatisfactory and several candy products have been too 
high in bacterial content. 

The results obtained to date indicate that the subscribers are making 
considerable progress in manufacturing frozen products which are satis¬ 
factory from the standpoint of chemical composition and sanitary quality. 
They are becoming more discriminating in their purchase of raw dairy 
products and miscellaneous ingredients. A much closer check is being made 
of processing and plant sanitation. So far the laboratory has proved to be 
a most useful agency for furnishing technical information to all manu¬ 
facturers cooperating in the project. Plants having difficulty at the start 
are solving their problems very adequately. The future holds much promise 
of marked improvement when definite facts are available at all times for the 
enterprising manufacturer of ice cream. M.J.M. 

199. Merchandising Ice Cream. John C. Milton, Hudson Mfg. Co., 
Chicago, III. Proc. 39th Ann. Conv. Int. Assoc, of Ice Cream 
Mfrs., 4: 10. Oct. 1939. 

This article is a discussion of the subject, “Merchandising at a Profit. ,, 
The principal points in successful merchandising are discussed in an 
effective manner by the author. M.J.M. 


MILK 

200. Significance of Coli in Milk. H. J. Bkuecknek. Am. Prod. Rev., 
88: 27, 838-839. Oct. 25, 1939. 

The presence of E. coli in average raw milk is not significant, but if 
present in pasteurized milk indicates improper pasteurization or contamina¬ 
tion after pasteurization. Recent studies at Cornell University show that 
less than one per cent of colon organisms survive pasteurization. Con¬ 
tamination after pasteurization may result from unsterilized apparatus, 
especially, no-foam can fillers, rubber on bottle filler valves, and air tubes 
on bottle fillers. P.S.L. 
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201. Increasing Viscosity of Cream. H. J. Brueckner. Am. Prod. Rev., 

89: 9, 237. Dee. 27, 1939. 

Two methods are outlined for increasing: the thickness of bottle cream. 
By the first the milk, after pasteurization, is cooled to 70 to 75° P. before 
separation. With newer type separators temperatures as low as 65° F. may 
be used. Since temperatures affect richness of cream the cream screw must 
be adjusted accordingly. The second, more effective method, consists in 
cooling the milk, after pasteurization, to 50° F. or lower, holding at that 
temperature from two hours to overnight, warming to 80-84° F., and 
separating. Fat losses in skimmilk will vary from 0.01 to 0.05 of one per 
cent and bacterial count may increase very slightly. P.S.L. 

202. A Study of Oxidized Flavor. Albert S. Tomlinson. Am. Milk 

Rev., 2: 2, 34-35. 1940. 

This article is a condensed popular version of the author’s thesis on the 
same subject. An unsuccessful effort was made to find milk which would 
develop oxidized flavor without addition of copper. Some samples were 
found developing the flavor with additions of 0.1 p.p.m. of copper. The 
author was unsuccessful in proving involvement of an enzyme in the re¬ 
action. although inhibition of the flavor development by high heat treatment 
would seem to support the theory of its role. He suggests, from results of 
his data, that failure of the defect to appear after high heat treatment may 
be due to chemical changes in the albumin of milk. P.S.L. 

203. Effect of Heat on Milk with Especial Reference to the Cooked 

Flavor. I. A. Gould, Jr., and II. H. Sommer. Mich. Tech. Bull. 

164. May 1939. 

Studies were conducted to determine the influence of various factors 
upon the cooked flavor of milk, to ascertain the relationship of the cooked 
flavor to oxidation-reduction potentials and to oxidized flavor development, 
and to determine, if possible, the cause of the cooked flavor. Under the 
conditions of this experiment, the cooked flavor of milk occurred normally 
when the milk w T as heated momentarily to 76-78° C. This temperature was 
decreased with appreciable increases in the fat content, the pH, or the 
holding period, and upon addition of small quantities of sodium sulfite. 
The cooked flavor temperature was slightly increased by homogenization 
of the milk prior to heating, by lowering the pH, and by addition of 
ferrous iron at the rate of 1.4 to 2.8 p.p.m. The temperature at which 
cooked flavor appeared was markedly raised by the addition of one p.p.m. 
of copper to the milk before heating. 

Decreases in the oxidation-reduction potentials were found to occur 
when milk was subjected to relatively high temperatures, this decrease being 
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closely correlated with the appearance of the cooked flavor. In addition, 
the heat retardation and prevention of copper-induced oxidized flavor was 
found to be related to the cooked flavor, especially when the copper was 
added before the milk was heated. The critical temperature range in this 
connection was approximately 84-86° 0. However, when the copper was 
added following the heat treatment, the cooked flavor quickly disappeared 
and the milk became oxidized even though temperatures of 90° C. were used 
for processing the milk. 

The liberation of sulphides from milk, probably as hydrogen sulphide, 
was found to be closely correlated with the appearance of the cooked flavor 
and the lowering of the oxidation-reduction potential. These sulphides also 
served to explain the effect of heat on oxidized flavor development. 

Efforts to utilize the nitroprusside test as a means of detecting sul- 
phydryl groups in heated milk were unsuccessful. P.S.L. 

204. Curd Tension of Chocolate Milk Drinks. G. Hadary and H. II. 

Sommer, Univ. of Wis., Madison, Wis. Milk Dealer, 29: 3, 42. 
Dec. 1939. 

It is shown that a low curd tension is characteristic of chocolate milk 
drinks. In part the reduction in curd tension is due to the higher pas¬ 
teurizing temperatures used in making the products. However, the main 
effect is due to the cocoa itself. The effect of sugar and suspending agents 
such as starch, locust bean gum and “eocoloid M is negligible. C.J.B. 

205. Processing and Handling of Coffee and Whipping Cream. M. J. 

Mack, Mass. State College, Amherst, Mass. Milk Dealer, 29: 3, 

38, 40-48. Dec. .1939. 

The following defects of cream and their prevention are briefly dis¬ 
cussed : 1. Poor flavor. 2. Poor keeping quality. 3. The formation of 
cream plug. 4. Poor body. 5. Serum separation. 0. Oiling off in coffee. 
7. Feathering in coffee. Factors affecting the whipping ability of cream 
are also briefly discussed. C.J.B. 

206. Preventing Development of Oxidized Flavor in Milk. E. 0. Ander¬ 

son, Dept, of Dairy Industry, Univ. of Conn., Storrs, Conn. Milk 

Dealer, 29: 3, 32, 82. Dec. 1939. 

Some of the practices which are used to prevent or minimize the de¬ 
velopment of oxidized flavor in milk are listed. The case histories of five 
plants which have prevented the development of oxidized flavor by the use 
of pancreatic enzyme are given. 

The author summarizes the use of the enzyme in commercial plant 
practice as follows: “It can be said that it offers a reliable relief from 
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trouble with oxidized flavor, whether the difficulty is due to metal con¬ 
tamination or to naturally high susceptibility of the milk. Pancreatic 
enzyme appears to be specific for the prevention of the development of 
oxidized flavor.” C.J.B. 

207. The Place of Plate Heat Exchange Equipment in the Dairy. 

Glenn E. Weist, Dairy Engineer, Chicago Ill. Milk Dealer, 
29: 3, 30, 31, 78-80. Dec. 1939. 

A brief discussion of the development of plate heat exchange equipment 
followed by examples showing how economies can be effected by regenera¬ 
tion. The economies are based on reduction in heating load, reduction in 
cooling load, and freedom from obsolescence. 

In conclusion the author states that: “It seems reasonable to conclude 
that plate heat exchange equipment should receive consideration in all 
heating and cooling operations; that it offers a possibility of an improved 
product through processing in a closed system that is more accessible for 
cleaning; and finally, that it offers many striking economies in operation, 
flexibility plus freedom from obsolescence.” C.J.B. 

208. Photochemical Study of the Irradiation Process of Producing Vita¬ 

min D Milk. M. J. Dorcas. Milk Dealer, 29: 4, 64-68. Jan. 
1940. 

A discussion of what takes place when milk is irradiated. Different 
types of irradiators and their efficiency are also discussed. C.J.B. 

209. The Control of Sediment in Homogenized Milk. A. J. Hahn and 

P. H. Tracy, Dept, of Dairy Husbandry, Univ. of Ill., IJrbana, Ill. 
Milk Dealer, 29: 4, 58-60. Jan. 1940. 

A discussion of the causes and control of sediment in homogenized milk. 
The authors state that in order to eliminate sediment in homogenized milk, 
the following points should be considered: 

If bottled homogenized milk is left standing at temperatures between 
40° and 45° F. without excessive agitation, and if the milk is normal in 
every respect, then it will be possible to eliminate sedimentation when the 
milk contains approximately 100,000 ± 25,000 cells per ml. 

If the temperature of the milk has been allowed to increase at any time 
after it has been bottled, and if there has been agitation of these bottles of 
milk at these higher temperatures, then a cell count below approximately 
50,000 cells per ml. is necessary to eliminate sediment. 

Clarification or separation is necessary when milk of a cell content above 
125,000 per ml. is being used for homogenizing purposes. Repeated clarifi¬ 
cation will not only reduce the cell content of the milk after each clarifiea- 
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tion, but will permit the use of milk with a higher cell content than that 
required of single clarification. Clarification after homogenization is 
slightly more efficient than clarification before homogenization. 

Destabilization of the milk protein will increase the amount of sediment 
while stabilization will decrease it. O.J.13. 

210. Suggestions on Selling Milk through Vending Machines. Anony¬ 

mous. Milk Dealer, 29: 4, 44. Jail. 1940. 

Two milk dealers, one of St. Louis, Missouri, and the other of Louisville, 
Kentucky, discuss the introduction of milk-vending machines. In large 
cities where drivers are unionized, they advise sticking to the half-pint 
bottle rather than trying the third-quart bottle. Suggestions for locating 
and operating vending machines are also given. C;J.B. 

MISCELLANEOUS 

211. What’s New in Farm Science. Anonymous. Part One, Annual Re¬ 

port of the Director Agr. Exp. Sta., Univ. of Wis., Madison, Wis. 

Bull. 446. Nov. 1939. 

This report presents in brief the results of work completed and in 
progress at this station. In the table of contents, page 95, are listed the 
following titles of interest to the readers of the Journal op Dairy Science: 

Animat Diseases and Breeding: Make new findings on use of hormones 
for breeding troubles; Does heredity control response to hormones; De¬ 
termine best time for insemination of dairy cows; Is linebreeding practical 
with dairy cattle; High producing young cows increase production most. 

Animal Nutrition: Whole milk is better than filled milk with added 
vitamins; Animals thrive when kepi on mineralized milk only; How much 
would feeding grass silage improve market milk; Here’s what’s new in grass 
and legume silage; Learn more about the effects of spoiled sweet clover; 
Urea gives good results as a protein substitute in calf rations; Learn why 
animal proteins improve soybean oilmeal rations; Egg whites must contain 
plenty of riboflavin if the eggs are to hatch; New method cuts.the cost 
of assaying feeds for riboflavin; Running fits in dogs can be prevented by 
proper diet; How do common foods compare in nicotinic acid content; Seek 
to isolate the grass juice vitamin; Cast new light on the value of copper in 
treating anemia. 

Bacteria, Molds, and Yeasts: Develop quick method of producing lactic 
acid; Swiss cheese starter may be kept 24 hours. 

Dairy Products: How closely can the fat content of Swiss cheese be 
controlled; What starter combinations are best for Brick cheese; Cream 
testing 29 per cent has advantages for buttermaking; Are propionates or 
propionic acid useful in buttermaking; Some treated wrappers improve 
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keeping quality of storage butter; Sodium alginate proves useful in dairy 
manufacturing; Improve test for pasteurization efficiency; Lecithin content 
of milk is lowest in strippings. 

Farm Income and Welfare: Test of milk going to cheese factories varies 
considerably; Dairy cooperatives need efficient organization; Should milk 
be made a public utility? W.V.P. 

212. What Shall I Use for Fuel in My Dairy Plant? S. Konzo, En¬ 
gineering Experiment Station, IJniv. of III., Urbana, Ill. Milk 
Dealer, 29: 4, 50. Jan. 1940. 

An arbitrary classification of the merits of various fuels and the calcu¬ 
lated comparative costs of fuels are given. 

The author then presents the following 14 methods by which maximum 
combustion efficiency may be obtained: 

1. Provide air-tight flue passages. Seal leaks in boiler setting, smoke 
pipe, and chimney. 

2. Provide sufficient, but not excessive draft to carry away flue gas 
products. Use automatic draft-regulating dampers to maintain minimum 
required draft. 

3. Keep heating surfaces clean. Periodically remove soot accumulation 
from flue passages and smoke pipe. Clean out scale formation on water 
side of heating surfaces. 

4. Inspect baffles in combustion chamber to see whether they have fallen 
or are leaky. 

5. Maintain adequate and proper distribution of air for the combustion 
process. C0 2 percentages of the following amounts may be considered as 
acceptable; coal, 12 per cent; oil, 10 per cent; gas, 10 per cent. 

6. Maintain smoke-free combustion. In the case of oil a slightly hazy 
atmosphere in the combustion chamber will usually accompany proper com¬ 
bustion. In the case of coal a slight trace of smokiness and a slightly yellow 
flame is a good visual index to use. 

7. If possible, use a boiler specially designed to burn the fuel to be used. 
A coal-burning boiler when converted to oil burning should be properly 
baffled and should be equipped with special combustion chambers. 

8. In all cases provide a rate of burning that is just sufficient to handle 
the maximum demands. Excessive burning rates may result in rapid pick¬ 
up, but also result in excessive flue-gas temperatures and large flue losses. 

S. Provide adequate and trustworthy thermostatic and pressure controls 
for the safe regulation of the combustion process. 

10. In the case of hand-fired, coal-burning plants, fire the coal into the 
combustion chamber so that the fresh charge does not completely cover the 
entire fuel bed. Live coals should be exposed so that volatile gases will 
ignite. Remove ashes from the ash-pit to prevent burning out of the grate 
bars. Egg-sized and nut-sized coals should be used. 
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11* In the ease of stoker-fired plants, remove clinkers periodically from 
the fuel 'bed. Stokers will not satisfactorily handle any old coal. Best 
results are obtained with coals specially prepared for stoker use. This 
preparation includes sizing (1-inch, 13 -inch or 2-ineh coals are used, de¬ 
pending on the size of the stoker), washing, and oil treating of the coal. 

12. In the case of oil-fired plants use clean oil of the quality recommended 
for the specific burner. Periodic and frequent inspections of the oil 
strainer, burner nozzle, and ignition device should be made. 

13. In the case of gas-fired plants, provide proper and constant gas 
pressure, reliable pilot lights, and fool-proof safety controls. Periodic 
inspection of the chimney should be made to determine whether any flue-gas 
condensation may be damaging the chimney or smoke pipe. 

14. Provide boiler plants with draft gauges, flue-gas-temperature record¬ 

ers, and some means for (‘becking the C0 2 in the flue-gas, either periodically 
or intermittently. C.J.B. 

213. Internal Audit Control. Charles W. Tucker, H. P. Hood & Sons, 

Boston. Mass. Proc. 39tli Ann. Conv. Int. Assoc, of Ice Cream 

Mfrs., 3: 54. Oct. 1939. 

Mr. Tucker summarizes his discussion by stating that a satisfactory state 
of internal audit control may be said to have been achieved when the factors 
of organization, personnel, policies, and procedures, records and mechanical 
and other equipment aids have been so developed and combined as to pro¬ 
duce a harmonious whole. This coordinated effort should make possible an 
“Earnings Account” with a credit balance commensurate with what man¬ 
agement and stockholders might reasonably expect as a return on their 
investment of effort and capital. M.J.M. 

214. Marquis of Queensbury Rules for Modern Business. I. E. Lambert, 

Attorney at Law, Santa Fe, New Mexico. Proc. 39th Ann. Conv. 

Int. Assoc, of Ice Cream Mfrs., 3: 28. Oct. 1939. 

This is a discussion of trade practices, which in the opinion of the author, 
hinder business. In addition he discusses possible future legislation which 
should be followed with keen interest in order to sec that it is practicable 
and workable. M.J.M. 

215. Executive Use of Accounting. Paul H. Andres, The Central Dairy 

Products Co., Oklahoma City, Okla. Proc. 39th Ann. Conv. Int. 

Assoc, of Ice Cream Mfrs., 3: 8. Oct. 1939. ^ 

The writer states that the responsibility of an accounting department 
is to give to management what it needs and wants. Management should 
accept accounting reports as accurate statements of facts, containing the 



A86 ABSTRACTS OF LITERATURE ON MILK AND MILK PRODUCTS 

clews to bad operating and other conditions of business. If the accounting 
department is competent, and if management realizes the functions of ac¬ 
counting and is willing to use all the information it gets, then the executive 
and accounting departments will continue the progress already made, and 
better operating results will be deprived from these efforts. M.J.M. 

216 . Why Sales Are Lost. Frank Warren, Arden Farms, Inc., Los 
Angeles, Calif. Proc. 39th Ann. Conv. Int. Assoc, of Ice Cream 
Mfrs., 4 : 22. Oct. 1939. 

There is a reason for losing sales, and when the cause is known a remedy 
may be found. Sales are lost because of indifference, delay in serving the 
customer, mistakes, wurry, ignorance, a poor quality of merchandise, lack 
of cleanliness, lack of personality, ungratefulness, and price. The author 
considers each of these causes separately and offers solutions for preventing 
loss of sales by any of these factors. M,J.M. 
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ABSTRACTS OF LITERATURE 

BACTERIOLOGY 

217. Chromoresistence et Enrobage Phosphocalcique des Microbes 

Chauffes dans le Lait (2). (Resistence of Staining and Phos- 
phocalcic Enrobage of Organisms Heated in Milk.) M. G. Gtjit- 
tonneau AND M. Bejambek. Le Lait, 19: 225. March, 1939. 

In a former study, it was shown that certain micro-organisms displayed 
a definite resistance to staining after being subjected to heat in a milk 
medium. This white image phenomenon 77 could be produced by heating 
the organisms in raw skim milk for one hour at 100° C. or by a similar 
temperature treatment in a medium of calcium caseinate and calcium phos¬ 
phate at pH 6.7. 

A strain of Str. thcrmoph tins was used in the present study. After being 
heated in milk for one hour, the bacteria displayed the stain resisting prop¬ 
erty. This could not be altered by washing the organisms in deeinormal 
alkali but it Avas removed by dilute acids and C0 2 . Micro-analytical methods 
applied to a suspension of the enrobed cells indicated that the covering was 
probably Ca s (P0 4 )s absorbed on the outer cell membrane. O.li.I. 

218. Les Formes S et R Des Colonies Chez Les Colibacilles. (S and R 

Forms of Baccillus Coli Colonies). Irene Lifska, Municipal In¬ 
stitute of Hygiene, Warsaw. Le Lait, 19: 1016-1027. 1939. 

Interest had centered for some time on the types of colonies produced 
by colon organisms. The causes of variations and the difference in virulence 
of the two forms is not yet fully understood. The author reports that most 
natural sources—milk, butter, feees, pathological urines—produce the S 
form in the greatest numbers but that the majority of colonies from cheese 
were of the rough colony type. 

Using Endo’s agar at 37° C. and carbohydrate broths, a study was made 
of several factors affecting colony types. Drying of the agar surface of 
plates caused the It forms to revert to the S form. Low incubation tem¬ 
peratures favor this change. The addition of gelatine and of bile to Endo’s 
agar favored the growth of the It and the intermediate forms. The It form 
when so obtained in the laboratory is not stable however. 

There is little or no difference in the reaction of the two forms to the 
action of bacteriophages. When new cultures were used for determining 
this activity, the phage dissolved colonies of its own form more rapidly than 
those of the other type of colony. * O.R.I. 

219. Recherches sur les Bacteries Propionique (Studies on the Propionic 

Bacteria). W. Dorner. Le Lait, 19: 897-918. 1939. 

This paper is an important contribution to our knowledge of Swiss cheese 
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cultures. Examinations were made of the milk received, and of the rennet 
and starters used in many of the cheese plants in Switzerland. Counts 
were made on samples by heating them to 58° F. for five minutes and deter¬ 
mining the surviving organisms capable of growing on a yeast extract- 
peptone-sodium lactate-agar medium. 

Some sources of milk were found to have comparatively high counts of 
propionic bacteria. In most cases rennet and ripened whey were not impor¬ 
tant sources. Examinations of asceptically drawn cow’s milk show com¬ 
paratively high counts in many cases. 

Work is reported on the effect of propionic bacteria cultures upon eye 
formation and density. In most cases eye formation was increased where 
light inoculations were employed. Heavy inoculations increased the con¬ 
tent of propionic acid bacteria in cheese but did not favor eye formation. 
The final specific gravities of inoculated and control cheeses were the same 
at the end of three months although the desired condition was brought about 
earlier in the case of the inoculated cheese. 

Propionic bacteria were found to consist of two types; cocci and rods. 
Forty-five strains of the coccus form were isolated and their cultural charac¬ 
teristics determined. By holding these on agar slants for 30 to 45 days at 
30° C. the cocci gave rise to the rod forms. No means was found of reverting 
rods to cocci however. 

Most strains of cocci grew best at 30° C. and had maximum growth tem¬ 
peratures of 42-50° C. Both propionic and acetic acids were produced, 
usually in the ratio of 2:1. Milk was coagulated and the following carbo¬ 
hydrates hydrolysed: glycine, levulose, dextrose, mannose, galactose, sucrose, 
maltose and lactose. Gelatin was not liquefied. O.R.I. 

220. Microscopic Examination of Dairy Products and Their Calculations. 
Hans Edel, Gehl’s Guernsey Farms, Milwaukee, Wis. Milk Dealer, 
29: 5, 34-35. Feb. 1940. 

The author presents a chart which eliminates any figuring when using 
the Breed smear method for determining the number of bacteria in dairy 
products. C.J.B. 


BUTTER 

221. Neutralizing Cream for Buttermaking. I. A. Gould and R. C. 
Townley. Can. Dairy and Ice Cream J., 19: 2, 48. 1940. 

Soda neutralizers were found to be more efficient than limes in lowering 
the acidity of tfutter and butterfat. The acidity of butterfat was found to 
be lower than that of the butter but the extent of the difference varies some¬ 
what with the type and amount of neutralizer used. The degree of neutrali¬ 
zation of each batch of cream needs careful consideration. 


O.F.G. 
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222. The Deterioration of Butter in Storage. W. C. Cameron. Can. 

Dairy and Ice Cream J., 19: 2, 22. 1940. 

Most of the flavor defects in butter are probably due to either bacterial 
or chemical action in the cream or butter. The extent to which these flavor 
defects occur in butter can be materially reduced by: (1) withholding from 
churnings intended as first grade all cream showing unclean or stale flavors 
regardless of the acid content of the cream; (2) sanitary conditions in the 
creamery being measured by frequent and systematic mold analyses, and 
necessary control measures as indicated by the results of such analyses being 
applied; (3) giving due consideration to the type of package used and the 
temperatures at which butter is held immediately after churning and until 
entering storage for long holding. O.F.G. 

223. The Creamery Industry under War-Time Conditions. C. E. Lack- 

ner. Can. Dairy and Ice Cream J., 18: 12, 47. 1939. 

Under war-time conditions the disposition of surpluses is not a problem 
of Canadian butter manufacturers but there is the problem of increased 
production to meet a greater demand. The problem is really one of in¬ 
creased milk production rather than a shift in amount from one type of 
product made from milk to another. The methods suggested for bringing 
about increased production are first, increasing the number of cows in the 
herd, and second, increasing the yield per cow. O.F.G. 

224. Butter — A Vital Food. W. A. Sproule. Can. Dairy and Ice Cream 

J., 18: 12, 15. 1939. 

This is partly a discussion of the importance of butter in a war economy. 
The importance of butter in the human diet especially from the standpoint 
of fat digestibility and vitamin A and D content is emphasized. Butter is 
prized above most other edible fats because of its superior flavor but it is 
not only flavorful in itself, but adds to that of other foods consumed with it. 
There is no butter substitute acceptable by people who realize the true value 
of butter if the finest quality is available. O.F.G. 

225. A Discussion of Butter Working Methods. H. McNevin. Can. 

Dairy and Ice Cream J., 18: 10, 45. 1939. 

This article emphasizes the importance of treatment of a new churn 
barrel. The inside diameter should be checked to be sure the sides are 
parallel and to be sure that the churn is level. Lime, washing compounds 
or acids should never be used but scalding hot water should be employed in 
cleaning the churn. O.F.G. 
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226. Cow Butter. B. F. McKibben. Pacific Dairy Review 44: 3. 1940. 

The southern housewife often calls home-made butter “cow butter, ’ 9 
while creamery butter is considered second grade. 

As flavor is the basic factor for determining the quality of butter, the 
housewife’s distaste of the manufactured product may be due to the flavor 
of the water used in the creamery. Numerous off-flavors, such as the 
“cheesy” and “oily” flavors, may be caused by impure wash water. 

V. L. Turgasen of Armour and Company reached the conclusions that 
water supplies from rather widespread areas are capable of bringing about 
certain objectionable changes in butter, and that some chlorinated water may 
not be satisfactory for butter-making purposes. The use of absolutely clean 
water in making butter is a fundamental of great importance and should 
receive greater attention. P.A.D. 

227. Sur Les Beurres Anormaux (On Abnormal Butters). P. Balavoine, 

Le Lait, 19: 1027-1030. 1939. 

This paper is a review of recent reports which deal with the significance 
of the Reiehert-Meissl number and the refractive index as measures of butter 
purity. Such factors as changes in feed, stage of lactation, stable and atmos¬ 
pheric temperature, breed, etc., are suggested as causes of variation An 
early hypothesis is revived that the source of butyric and oilier low boiling 
point fatty acid radicles present in milk, is the fermentation that takes place 
in the rumen of cattle. O.R.I. 


CHEESE 

228. Notes on the Preparation and Action of Rennet. J. 0. Davis. Can. 

Dairy and Ice Cream J.. 19: 2, 56. 1940. 

The rate of rennet clotting increases rapidly with small increases in the 
acidity of the milk. Albumin and globulin retard coagulation which is one 
of the reasons why mastitis milk clots slowly with rennet. Boiling the milk 
previous to adding the rennet removes the inhibitory effect. A rapid decline 
in rennet “coagulability” is observed after milk is taken from the udder. 
Desirable qualities in a good rennet are (1) constant strength, (2) good 
keeping quality, (3) freedom from fault-producing micro-organisms, and 
(4) freedom from other enzymes. Most samples of commercial rennet con¬ 
tain other enzymes but these should be kept to a minimum. O.F.G. 

229. Studies of Starters for Cheesemaking. E. G. Hood. Can. Dairy and 

Ice Cream J., 19: 1, 51, 1940. 

The power to produce acid steadily throughout the cheesemaking process 
and at regular intervals from day to day is the most important property of 
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a good starter. In addition the culture should have good flavor and aroma. 
A small scale test for determining the vitality of cheese starters is described 
and the following precautions are given: (1) Use clean jars which have been 
sterilized, (2) Use one batcli of milk for filling all the jars, (3) Stir the 
mother culture well before taking sample, (4) Measure 5 ce. starter accu¬ 
rately, (5) Measure 1 ce. of rennet accurately, (6) Mix both starter and 
rennet well with the milk, but do not overstir the rennet, (7) Cut the curd 
in all the jars to the same degree of fineness, (8) Keep the temperature of the 
bath constant at 100° h\, (9) Drain the whey thoroughly at each stage and 
to an equal degree from each jar. The vitality test has the ability to differ¬ 
entiate between the acid-producing powers of starters when tested under 
similar conditions. O.F.G. 

230. Cottage Cheese. D. W. Glover. Ohio State Univ., Milk Dealer, 29: 

(6), 42. 1940. 

A brief discussion of the influence of the following factors on the quality 
of cottage cheese: 

1. The quality of the raw milk. 

2. Pasteurizing temperatures. 

3. The quality and amount of starter, 

4. The amount of rennet enzyme used. 

5. The acidity of the whey at the time the curd is cut. 

6. The use of water to aid in cooking. 

7. The rapidity of heating the curd. 

8. Time and temperature used in cooking. 

9. Temperature of wash water and number of washings. 

10. Proper chilling of the curd before creaming. 

The author also reports that homogenized milk returns may be utilized 
in the production of cottage cheese by the addition of calcium chloride, 1.0 cc. 
of a saturated calcium chloride solution per 100 pounds of milk being suffi¬ 
cient to restore the coagulating properties. C.J.B. 

231. Les Formes Levures dans la Flore Superficielle des Fromage de 

Camembert. (Yeast Types in the Surface Flora of Camembert 
Cheese). G. Guittonneau, J. Iyeillino, and H. De Laval. Lc 
Lait, 19: 338. 1939. 

The organisms which produce the surface covering of Camembert cheese 
are thought to be very necessary for good flavor development. Samples of 
the surface slime were taken at intervals during the first 12 days of ripening 
from cheese manufactured in two Normandy factories. The flora were com¬ 
prised of yeasts almost entirely with a few mycoderm and Odium colonies. 
The yeasts were largely of the Torula type. 

A cultural study of the yeasts present showed that they were capable of 
digesting protein, fermenting sugar, and neutralizing acidity. Most strains 
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grew well on lactose, saccharose, glucose and levulose, some producing large 
amounts of alcohol, volatile acids and esters. A great majority of these 
strains were resistant to high concentration of salt and lactic acid. 

O.R.I. 

232. L’utilisation Economique du Froid Artificiel dans la Conservation et 

L’amelioration des Fromages a Pete Persillee. (The Economic 

Use of Refrigeration in the Holding and Curing of Mould Cured 

Cheese). A. Moulin, Le Lait, 19: 924-926. 1939. 

Significant improvement can usually be affected where refrigeration is 
available for the curing of cheese of the Roquefort type. Two experiments 
are reported in which temperatures of 4-6° C. were employed. One part 
of a batch of cheese was tin-foiled and held at this temperature while the 
second portion was left unwrapped. Improved flavor, sharper color, more 
uniform texture and a lower loss from surface growth resulted in the case 
of the wrapped cheese. Earlier wrapping is possible where refrigerated 
storage is available. O.R.I, 

233. Dosage de la Matiere Grasse dans les Fromages. (Determination 

of Fat in Cheese). Henri Couturier, Le Lait, 19: 918-924. 1939. 

Three methods of determining fat in cheese—volumetric (Gerber), direct 
extraction (Soxhlet), and indirect extraction (Schmidt)—are discussed 
from the point of view of accuracy and convenience. The author stresses 
the need for more fully standardized methods of sampling and also the fact 
that fat percentages vary with losses in moisture. The Schmidt method in 
which the solids-not-fat are first digested by hydrochloric acid possesses 
distinct advantages and can he rapidly carried out providing tared glassware 
is available to allow rapid weighing. No experimental values or compari¬ 
sons are given however. O.R.I, 

234. Les Fromages a la Creme. (Cream Cheese). J. M. Rosell. Le 

Lait, 19: 698-703, 811-814. 1939. 

Manufacturing methods for several types of cream cheese common in 
Europe and America are presented in this review. Among the types dis¬ 
cussed are the following: Double cream, sweet cream, English simple cream,' 
Gervais cream, Fontainebleu, Italian or Mascarpone, Neufchatel, Philadel¬ 
phia and pasteurized cream cheese. O.R.I. 

235. Theorie de la Maturation des Fromages Durs (Theory of the Curing 

of Hald Cheeses). 8 . Orla-Jensen. Le Lait, 20: 2-16. 1940. 

In a copyrighted feature article, the author traces the development of our 
knowledge of the biochemistry and bacteriology of cheese curing through 
the years, paying special reference to Swiss cheese. 
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Duclaux, the first director of the Pasteur Institute pioneered in this field 
and his work was followed by that of the Swiss bacteriologists Freudenreich, 
by OrJa-Jensen and by the Austrian, Ademetz. As a result of studies made 
on “natural” rennet at this time, Christian Hansen began the manufacture 
of rennet commercially in Denmark in 1874. 

Rennet was shown to be a source of proteolytic enzymes and the effect 
of acidity on proteolysis became the subject for study shortly after Sorensen 
developed his methods of determining hydrogen-ion concentration. The 
relation of proteolysis and pH to texture, first demonstrated by van Slyke, 
was an important contribution during this period. Extraction of the juice 
of cheese by pressure, in order to determine protein degradation was reported 
first in 1929. 

Present-day knowledge of the volatile acids produced by lactic acid 
bacteria is based largely on the authors studies. The isolation and cultur¬ 
ing of propionic acid bacteria in calcium lactate media has opened the way 
for much research on Swiss cheese problems. O.R.I. 

236. Propionibacterium Rubrum from Dairy Cheese. Lubon A. Margo- 

lena and P. Arne Hansen, Royal Technical College, Copenhagen. 
Reprint, Zontr. Bakt, II, 99: 107-115. 1938. 

Propionibacterium rubrum van Niel has been isolated from a dairy cheese 
in which distinct colonies had been formed. A description of the species 
and pigment production is given. 

The culture can be separated by means of the centrifuge in a pigmented 
and an unpiginented portion. The pigment is insoluble in the ordinary fat 
solvents, and is not, as previously assumed, a carotenoid. It is of no impor¬ 
tance in the oxygen uptake of the organism. L.II.B. 

CHEMISTRY 

237. Recherches sur L’etat Physicochemique des diverses Substances 

Lripoidiques du Lait et Particulariement des Phosphatides et du 
Cholesterol (Studies on the Physicochemical State of the Differ¬ 
ent Lipoid Substances in Milk and Particularly of the Phos¬ 
phatides and of Cholesterol). F. Tayeaij. Le Lait, 20: 129-134. 
1940. 

Other investigators have shown that the addition of sodium or potassium 
soaps to blood serum results in the liberation of additional fats not recover¬ 
able by direct ether extraction. These fats are present in the blood serum 
as part of the lecitho protein fraction. 

This method has been adopted for the study of milk. The ether extracts 
are washed with distilled water and the ether then evaporated. After the 
weight of the Residue has been determined, aliquots are analysed for phos- 
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phorus and for cholesterol, the latter determination being made by a colori¬ 
metric method. 

The addition of small amounts of 20 per cent, sodium linoleate solution 
to the milk at the time the ether was added, increased the efficiency of the 
extraction in the case of all three fat fractions—total fat, phosphatide and 
cholesterol. As the amount of soap solution was increased above 2.5 ml. per 
100 ml. of milk the efficiency of extraction fell off rapidly. However, the 
curves for all three fractions were very similar. The author suggests that 
without the use of a soap solution in the extraction, approximately one-tenth 
of the total fat, three-tenths of the phosphatide and three-tenths of the 
cholesterol, are not extracted by ether alone. O.R.I. 

238. Sur L’ammoniaque du Lait. (On the Ammonia of Milk). J. Hel¬ 

ler and W. fSwiECHOwsKA, TJniv. of Wilno, Cracow, Poland. Le 

Lait, 19 : 1009-1016. 1939. 

A method originally devised for the determination of ammonia in blood 
has been adopted by the above authors for the determination of ammonia in 
milk. Sodium borate is added to the sample, the ammonia is distilled off 
under reduced pressure, and the amount calculated from the Nessler reac¬ 
tion read in a photelometer. Fresh milk samples may be held for some 
time if the surface is covered with paraffin oil. 

The source of significant increases in ammonia was found to be the result 
of the growth of micro-organisms, the amount present being an indication 
of the microbial content. The data presented indicate, however, that no 
great increase takes place in ammonia content until the bacteria count 
reaches figures in the millions. O.R.I. 

239. Sur L’identification tie la Grasse de Coco par le Methode du Dr. L. 

Hoton (The Identification of Cocoa Fat by the Method of Dr. L. 

Hoton). F. Livari, C. Mantovani, and E. Turco, Laboratory of 

Hygiene, Parma, Italy. Le Lait, 19 : 785-798. 1939. 

The accurate identification of cocoa fat as an adulterant in butter is very 
difficult. Dr. Hoton of Belgium suggested the use of the refractive index 
of the insoluble volatile fraction obtained in the Reiehert-Polenske distilla¬ 
tion as an aid in its detection. In the formula 

Q VSA xR.VIA 
lOxVIA 

where values of Q equal or exceed 20, the absence of cocoa fat is indicated. 
Values lower than 15 indicate its presence. VSA refers to volatile soluble 
acids, VIA to volatile insoluble acids and R.VIA to the Zeiss index at 25° 
of the volatile insoluble acids. 

The authors show that the method possesses disadvantages and suggest 
the use of the ratio i n conjunction with the VSA value as a means 
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of analysis. Abnormal values due to feed are discussed and the failure of 
the method in the ease of sheep's and goats’ milk cheese is also shown. 


O.R.I. 


DISEASE 

240, The Importance of Vitamin A in Animal Life and the Effect of Its 

Deficiency upon Animals. G. H. Hart, Univ. of Calif., Davis, 

Calif. The Assn. Bull. Intern. Assn, of Milk Dealers. 32nd year: 

13, 303-314. Feb. 1940. 

Chlorophyll, carotene and xanthophyll, the several forms of carotene, 
and their relationship to Vitamin A are discussed. The storage of Vitamin 
A in fish livers from their phytoplankton diet is slow and in proportion to 
the age of the fish. An early experience with rancidity in milk due to Vita¬ 
min A deficiency is reported. The problem of determining the vitamin A 
value of a diet is complicated by the fact that a part of the vitamin A is 
preformed and a part consists of carotene transformed to vitamin A in the 
animal's body. The former is three times as effective per microgram as 
the latter so the proportion of each in the ration would need to be known. 
The unfavorable color effect of carotene upon meat fat and egg yolk is 
mentioned. Vitamin A deficiency results in temporary sterility and the 
birth of dead or weak calves. This is a very excellent discussion of the 
importance of vitamin A in animal life. E.F.G. 

241. Vitamin A Deficiency in Man—Its Consequences and Methods of 

Detection. Harold Jeohers, Boston Univ. School of Med., Boston, 

Mass. The Assn. Bull. Intern. Assn, of Milk Dealers, 32nd year. 

No. 13, 289-302. 1940. 

The history of vitamin A is traced and its relation to night blindness, 
Xerophthalmia and infections shown. The better dietary sources of vitamin 
A are dairy products, liver, eggs and the highly pigmented vegetables and 
fruits. An instrument devised by Dr. Jeans measures night blindness 
which is caused by an impairment of the ability of the eye to replenish 
visual purple destroyed by bright light. Vitamin A deficiency in humans 
is tested by measuring this ability of the eyes. The Hecht and the Edmunds 
methods are also described. It is reported that students receiving 3,000 to 
4,000 I. U. of vitamin A daily apparently had normal eye adaptation. Night 
blindness was caused experimentally by reducing the daily intake of vita¬ 
min A to 1/10 to 1/20 of the normal requirement. In eye impairment, 
the cone cells as well as the rod cells are affected, but not to as great an 
extent, A detailed case study is given of a student who must receive vita¬ 
min A from day to day as he could store only subnormal quantities in his 
body. This student given 100,000 units of vitamin A showed improvement 
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in night blindness in 40 minutes and at the end of 2 hours was normal. 
Three or four days served to render him subject to night blindness again. 
Persons deficient in vitamin A are also invariably subject to dazzling by 
bright lights. Adequate quantities of vitamin A for adults is given as 2,000 
to 4,000 units and for children 6,000 to 8,000 units. A clinical procedure 
for diagnosis of vitamin A deficiency is given. E.F.G. 

242. The Detection of Abnormal Cow's Milk by Microscopic Methods. 

S. Hadwen and R. Gw atkin. Can. J. Res., 17; Sec. D, 225-244. 

1939. 

In an attempt to establish standards for normal milk and furnish a basis 
for the more accurate diagnosis of mastitis, Breed and sediment smears were 
made on a large number of cows' milks. More information was obtained 
from the sediment count especially when the types of cells found were taken 
into consideration. 

In staphylococcic mastitis the leucocytes are often very numerous, ap¬ 
pearing as large, ring-shaped, polymorphonuclear cells. To a certain extent 
the resistance of the cow and the stage of infection can be estimated from 
the proportions of leucocytes and cocci present. 

In streptococcic mastitis the mononuclear leucocytes are numerous, often 
in loose irregular clumps. In most cases leucocytes and cocci are not as 
numerous as in the staphylococcic type of infection. 

The diagnosis of B . coli and Coryncbacterium pyogenes mastitis is dis¬ 
cussed as well as other phases of abnormal milk secretion including the sig¬ 
nificance of red blood cells, chromatin-staining granules and calcium con¬ 
cretions. O.R.I. 

ICE CREAM 

243. Reclaiming Butterfat from Homogenized Milk Returns. R. \V. 

Greenwood. Can. Dairy and Ice Cream J., 18; 12, 57. 1939. 

A processing temperature of 145° F. appears to give the greatest effi¬ 
ciency of homogenization, pressure being constant, with the best possibilities 
for fat reclamation. Checks on the fat loss when homogenized milk was 
separated alone showed 1.1 per cent. Mixing homogenized milk with un¬ 
homogenized milk up to 20 per cent previous to separation does not merely 
spread the fat loss over the whole volume, but also improves the reclamation 
of the homogenized fat by approximately 20 per cent. The cream obtained 
from this procedure can be used in churning, and practically normal churn¬ 
ings of butter will be obtained. O.F.G. 

244. Ice Cream Sales Index. Anonymous. Special Bull. 63, Intern. Assn. 

of Ice Cream Mfrs., Washington, D. C. April, 1940. 

This bulletin contains an analysis of ice cream sales for the year 1939, in 
comparison with the previous year. 
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The 1939 wholesale sales of ice cream increased 5.59 per cent over 1938. 
This means that 1939 was the biggest year in the ice cream industry, with 
sales exceeding 1938 by fourteen and a half million gallons, and 1937 by 
approximately 2,700,000 gallons. 

The bulletin contains the ice cream production figures by states and sec¬ 
tions of the country. 

A supplement to the bulletin also gives monthly variations in productipn 
and employment. The decrease in production during the winter months is 
more severe than the decrease in employment. For example, December pro¬ 
duction is only 28 per cent of the July production while employment in 
December is 59.4 per cent of the July level. M.J.M. 

245. Insulated Bags for Carry-Home Packages of Ice Cream. Anony¬ 

mous. Ice Cream Rev., 23: 6 , 42. 1940. 

The Ice Cream Review conducted a survey to determine the extent to 
which insulated bags are used to protect carry-home sales of packaged ice 
cream. It was found that approximately 31 per cent of the wholesale manu¬ 
facturers supply their dealers with the bags, while 54 per cent of the retail 
ice cream manufacturers use such bags. Other results of the survey are 
cited. J.H.E. 

246. Lignin Vanillin Comes from New Source. Anonymous. Ice Cream 

Field, 35: 3, 53. 1940. 

It is pointed out that lignin, derived from spruce and other conifers is 
now being used commercially as a source of vanillin. The two main sources 
of synthetic vanillin have been (1) the so-called guaiaeal vanillin synthe¬ 
sized from benzol derivatives and (2) the so-called eugenol vanillin obtained 
from clove oil or cinnamon leaf oil. 

The General Drug Company reports that the new extraction plant which 
has been operating less than two years already supplies about 50 per cent 
of the vanillin now being used in the United States. According to the report 
lignin vanillin is a product of high purity and is used widely by flavor and 
extract manufacturers that supply the ice cream, candy and baking in¬ 
dustries. 

The main steps in the process of manufacture of lignin vanillin are briefly 
outlined. W.C.C. 

247. Dry Ice Truck Refrigeration. E. M. Westbero, Refrigeration Con¬ 

sultant. Ice Cream Field, 35: 3, 35-39. 1940. 

The author states that analysis shows that dry ice as an ice cream truck 
refrigerant has consistently gained ground, despite the fact that various 
mechanical systems have made marked progress. Mechanical and dry ice 
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systems have gained chiefly at the expense of ice and salt and cartridge 
systems. W.C.C. 

248. Quality Control, Part II. V. 0. Stebnitz, Chicago Dairy and Food 

Laboratories. Ice Cream Trade J., 36: 2, 26. 1940. 

Part II of this discussion deals with the acid content of the ice cream 
mix, maintaining uniform composition, and the use of various non-dairy 
products constituents. 

If neutralization is to be done it should never be carried to the extent 
of reducing the acidity below the normal acidity of the mix (about .19 per 
cent for a 10.5 per cent serum solids mix). The acid test as a measure of 
quality or freshness is limited by the fact that bacterial growth must take 
place to an appreciable extent before enough acid will be produced to mate¬ 
rially affect the titratable acidity test. 

It is important to test the mix for fat and solids. Although it may be 
more convenient in some plants to measure rather than weigh the liquid 
ingredients, more accurate results are obtained by weighing. 

Although non-dairy ingredients do not spoil readily, their proper care is 
important in maintaining a low bacterial count. Quality control requires 
constant vigilance, not only from the control laboratory but for every one 
connected with the operations from the procurement of the raw material to 
the delivery to the consumer. W.H.M. 

249. Practical Production. Charles Policastro, Abbotts Dairies, Phila¬ 

delphia, Pa. Ice Cream Trade J., 36: 3, 26. 1940. 

The following problems encountered in ice cream plant operation are 
discussed: (1) use of homogenized products for standardizing mixes; (2) the 
staggering of ice cream containers in the hardening room to provide proper 
air circulation; (3) selection of flavors; (4) use of dairy products of low 
natural acidity; (5) proper operation of the freezer; (6) importance of 
sanitation; (7) labor efficiency that will insure proper number of man-hours 
per unit of product; (8) elimination of waste and (9) proper planning of 
work, to make possible uniform power consumption. It is the author’s be¬ 
lief that the ability of the plant operator to produce the largest amount of 
quality material per man-hour requires more than formulae and ingredients, 
it requires in addition to these, proper planning, cooperation of employees, 
alertness, and selling of ideas to the plant employees. W.H.M. 

250. Freezing-point Data of Corn Syrup Solids. A. P. Hellwig and B. 

F. Buc&ianan, Technical Service Laboratories of the American 

Maize Products Co. Ice Cream Trade J., 36: 2, 49. 1940. 

Data is presented to show that solutions of corn syrup solids (Fro-Dex) 
have a higher freezing point than sucrose or dextrose solution of similar con- 
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centrations. The corn syrup solids is reported to contain dextrose, maltose, 
and edible dextrins in the approximate ratio of 15: 43: 42. W.H.M. 

251. Factors in Low Temperature Refrigerator Bodies. T. J. Hackney, 

Hackney Brothers Body Co. Ice Cream Field, 35: 2, 56. 1940. 

The author outlines the requirements of good insulation and then dis¬ 
cusses the more common systems of refrigeration in use on refrigerated 
trucks. He indicates that: 

1. Where dry-ice is available economically, it provides the desired refrig¬ 
eration at a minimum weight of apparatus or equipment. 

2. Hold over plates are most economical when piped to a source of re¬ 
frigerated gas through make and break valve connections. This system is 
suitable if the truck has a sufficient rest period between loads. 

3. Bodies equipped with Freon or Methylchloride compressors perma¬ 
nently liooked-up with the hold-over plates are more satisfactory when the 
truck does not return to the plant each night, but will be where the desired 
power is available. 

4. With exceedingly long runs and uncertain destinations continuous 
refrigeration may be taken from the truck cliasis or may be obtained by a 
separate gasoline motor. The use of hold-over plates in a system of this kind 
may also be desirable. 

The author claims that by the application of the above methods of refrig¬ 
eration it is possible to solve the problems of low temperature truck opera¬ 
tion. W.C.C. 

252. Greater Plant Efficiency through Better Supervision of Delivery 

Equipment. E. A. Kayser, St. Louis Dairy Co., St. Louis, Mo. Ice 

Cream Field, 35: 2,12,13, 58, 59. 1940. 

It is pointed out that delivery expenses of ice cream, exclusive of mer¬ 
chandising costs, amount to 56.8 per cent of total expense, whereas, it 
amounts to 34 per cent of the ice cream sales dollar. 

With large scale operation he outlines the advantages in contracting for 
such items as gasoline, lubricating oils and greases, and tires. 

He gives detailed instructions as to “the care of tires” and “garage tech¬ 
nique,” and reproduces the “Truck Preventive Maintenance Record” used 
by the St. Louis Dairy Company. W.C.C. 

253. Interstate Barriers. W. H. List, Section New York and New Jersey, 

Ice Cream Manufacturers Assn. Ice Cream Field o5 : 2, 16, 62, 63. 

1940. 

Instances are cited in which legislative enactments have resulted in inter¬ 
state barriers. Special mention is made of a recent law in Connecticut which 
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requires the pasteurization of ice cream mix within its borders, regardless of 
where or how it may have been previously pasteurized elsewhere. 

The author reproduces several letters from state governors and United 
States Secretary of Commerce in an attempt to point out the seriousness of 
the problem. He suggests that legislators be encouraged to correct the con¬ 
dition. W.C.C. 

254. Storage and Delivery Influence Ice Cream Quality. W. C. Cole, 
Division of Dairy Industry, University of California. Ice Cream 
Field, 35: 2, 50. 1940. 

Improvements in ice cream cabinets and delivery equipment make it 
much easier tc control temperatures during delivery and storage. It is 
pointed out, however, that proper construction and insulation of the refrig¬ 
eration compartments of trucks as well as adequate sources of refrigeration 
at suitable intervals are not sufficient to maintain the desired temperatures 
unless care is exercised by the operator in eliminating unnecessary opening 
of refrigeration compartment doors. 

The new ice cream cabinets now in use are easily regulated and require 
relatively little service. The direct expansion type units have largely re¬ 
placed brine filled limits and the cartridge systems formerly employed. He 
points out that cabinets used for factory filled packages are ordinarily set to 
operate at temperatures slightly below 0° F. 

The author points out the advisability if not the necessity of the use of a 
checking system which should enable the manufacturer to check the quality 
of his product on the way from the plant to the ultimate consumer. 

W.C.C. 


MILK 

255. A Discussion of Bottle Rinsing Problems. J. H. Hale. Can. Dairy 
and Ice Cream J., 19: 2, 52. 1940. 

Minimum recognized conditions for producing a satisfactory glass milk 
bottle are generally given as: (1) soaker solutions of at least 3 per cent alkali 
strength; (2) caustic content of at least 1.8 per cent; (3) maintained at a 
temperature of not less than 130° F.; (4) bottle immersion in the solution 
for not less than 5 minutes. When foam was not prevented the addition of a 
wetting agent to the soaker solution caused about 50 per cent greater residual 
alkali in the bottle compared to the non-foaming condition. High tem¬ 
perature of rinse water shows a greater efficiency of rinse. A slightly acidi¬ 
fied rinse water was found to remove more residual organisms than a plain 
water rinse. The rinsing of mixtures of caustic with milder alkalies is for 
practical purposes, no different from straight caustic. The bacteriological 
problem is taken care of if the soaker solution is kept up to standard. 

O.F.G. 
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256. The Consumer’s View-Point. Mrs. G. E. Robinson, Can. Dairy and 

Ice Cream J., 19: 2, 19. 1940. 

This article discusses some angles of distributor-consumer relationship 
which do not seem to have received recognition from many in the fluid milk 
industry. This consumer suggests that increased milk consumption holds as 
much interest to the housewife as it does to the producer and distributor. 

O.F.G. . 

257. A Review of Milk Control in Ontario. C. M. Meek, Can. Dairy and 

Ice Cream J., 19: 1, 47. 1940. 

This is a review article, which also points to the direction milk control 
may take under war-time conditions. O.F.G. 

258. A Fundamental Factor. H. B. Ellenberger. Can. Dairy and Ice 

Cream J., 19: 1, 15. 1940. 

This article deals with the control of costs of production, assembly, trans¬ 
portation, processing, distribution and consumption. The author concludes 
that if milk could be produced and sold more cheaply, more would be used; 
the consumer would be benefited, profits to both the producer and distributor 
would be more certain and everybody concerned would be better satisfied. 

O.F.G. 

259. Types of Flavours Detected in Milk at the Receiving Platform. G. 

M. Trout. Can. Dairy and lee Cream J., 18: 10, 41. 1939. 

This is a report of a study of flavor the data for which was obtained by 
sampling 920 cans of milk as they arrived at the receiving platform. Ap¬ 
proximately 45 per cent of the cans contained milk which was described as 
clean and pleasant to the taste. The flavors in the milk of the other 55 per 
cent of the cans were distributed as follows: feed, 43.19 per cent; musty, 
19.92 per cent; high-acid, 14.37 per cent; unclean, 11.44 per cent; barny, 
2.56 per cent; cowy, 2.37 per cent; oily, 2.56 per cent; miscellaneous, 3.55 per 
per cent. The author suggests that a change in feeding practices plus ade¬ 
quate cooling would eliminate much of the feed, musty and high-acid flavors 
which constitute over 75 per cent of the off-flavors present in these milks. 

O.F.G. 

260. The Elwell Plan of Sliding Scale of Prices to Consumers. Edwin 

S. Elwell, National Milk and Cream Co., Minneapolis, Minn. Milk 
Dealer, 29: 6, 70-77. March, 1940. 

A description of the Elwell plan whereby a sliding scale of prices is ap¬ 
plied in the sale of milk and cream is presented. The plan is based on the 
fact that a certain cost is involved in the delivery of a quart of milk and that 
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additional quarts delivered at the same stop have a lower delivery cost. The 
benefit of this lower delivery cost is given to the consumer in the form of a 
lower price on additional quarts of milk. C.J.B. 

261. Le Teneur en Matiere Grasse du Lait de Femme (The Fat Content 

of Woman's Milk). H. Goltz, Le Lait, 20: 20-29,145-154. 1940. 

The quantity and composition of human milk are known to vary consid¬ 
erably as a result of many conditions. Fat content varies more widely than 
any other constituent. The literature in this connection is reviewed and the 
results of the author's studies at the Stuttgart clinic presented. 

The relation of period of lactation to fat content indicates that there is a 
slight increase in fat content as the time advances. Samples taken on the 
third day post partum averaged 2.8 per cent and those from the second to 
the fourth month 4.2 per cent. There appears to be a slight but character¬ 
istic decrease on the tenth day, usually attributable to the resumption of 
body activity on the part of the mother. 

The caloric value of initial milk compared to that of the final milk has 
been studied. In 85 per cent of the cases the final milk has a higher fat con¬ 
tent although the differences in most cases was less than 0.5 per cent. 

The results of 285 analyses, grouped on the basis of the age of the mother, 
indicated that age did not affect fat content. Goltz also found that the quan¬ 
tity of milk produced had little relation to its composition. This finding is 
contrary to those reported by other workers. 

Evidence is presented to show that fever and inflammation markedly 
affect composition. In almost all cases, high temperatures resulted in an 
increase in fat content. In cases of serious mastitis the fat content is usually 
reduced. The age at which sexual maturity is attained also appears to affect 
the fat content, individuals reaching puberty at an early age tending to 
display a slightly lower fat content in their milk. O.R.I. 

262. Comparative Investigations Regarding Goat Milk and Cow Milk. 

Sigurd Funder, Meieriposten, 29: 4. Jan. 1940. 

Experiments were conducted to determine the correctness or incorrect¬ 
ness of the contention that bacterial development is not the same in goat's 
milk as in cow's milk, and that cheese from the two milks do not ripen the 
same. 

To minimize the errors that might be caused by differences existing in 
different individuals, large lots were used and the milk was obtained from 
different parts of the country and in different seasons. Milk from large and 
small herds has been used. 

A resume of the experiment follows: 

1. In general the goat's milk seems to have lower potential and real 
acidity than cow's milk (lower SH and higher pH). It usually has shorter 
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reductase time and larger catalase number, as well as larger contents of sedi¬ 
ment and foreign substances. The bacterial content is on an average also 
greater and the fermenting types more undesirable than in cow's milk. 

2. In the experiments it can be seen that in a few cases the goat's milk 
will sour slower than cow's milk but other times faster. There does not seem 
to be any constant quality in this respect. The milk flora in goat and cow 
milk varies both quantitatively and qualitatively and is determined by the 
direction the self inoculation takes. 

3. The experiments seem to show that goat’s milk contains, to a larger 
degree, thermiolabile material. This can be construed as bactericidal 
material. 

4. By self inoculation the goat’s milk regularly reached a higher acidity 
finally than cow’s milk. This can be caused by microbial as well as non- 
microbial differences in the two milks. 

Joel G. Winkjer. 

263. The Use and Value of Special Tests in the Selection of Milk Sales¬ 

men. Verne Steward and Associates. Los Angeles, Calif. The 
Assn. Bull. Intern. Assn, of Milk Dealers. 32nd year: 11, 251- 
263. Jan. 1940. 

General principles which have been worked out for the selection of men 
likely to be successful in life insurance selling are applied to the selection 
of milk salesmen. The “series of hurdles” rating form is used to rate the 
applicants “unfit,” “borderline,” “acceptable” or “superior.” Several 
factors are rated separately and weakness in anyone will cause the applicant 
to rate “unfit.” The final hiring decision is, however, a responsibility of 
management. The Steward Composite Inventory and Examination sug¬ 
gests measures of mental ability; background knowledge; aggressiveness, 
initiative and leadership; stability; vocational interests. Several other 
characteristics are to be appraised by direct investigation. It is suggested 
that the selection of new employees has not received the attention it merits 
from the association and that, a comprehensive field study over a period of 
months is needed to provide the basic material for a “Manual of Instruc¬ 
tions” which would specify selection procedure. The article contained 
much valuable material with regard to employee selection. E.F.G. 

264. Increasing the Viscosity of Cream. L. II. Burgwald, Ohio State 

Univ. Milk Dealer, 29 : (6), 52-54. 1940. 

A heat treatment for increasing the viscosity of cream is discussed. This 
method is to heat cream slowly to 84 to 86° F. in a vat, employing but little 
agitation. Take about one hour to heat. Then cool slowly (about 3/4 to 
one hour) to between 60 and 50° F. Draw off the cream in cans and store 
in ice water until the next day. Then standardize and bottle. 
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Using this method, an average increase of 8.3, 28, and 52.5 per cent was 
obtained in the flow time of 20, 22, and 25 per cent cream, respectively, as 
compared with untreated cream. C.J.B. 

265. California Roadside Improvement Program for Dairy Farms. 

Ralph J. Wheeler, The Assn. Bull. Intern. Assn, of Milk Deal¬ 
ers. 32nd year. No. 8, 202-207. 1940. 

An “Award of Merit’* is given to a dairy farm which has achieved a 
score of 90, or above, under rules set up and administered by the California 
Dairy Industries Association. This movement, originating in the Los An¬ 
geles milk shed, has spead to other sections of California. The purpose is to 
make producing farms so attractive to passers-by that more milk will be con¬ 
sumed. In addition to the metal plaque to be placed on a post in front of 
the home a certificate suitable for framing is given. Many groups cooperate 
in fostering this movement. In the current year a dairy organization known 
as the Society of Yellow Dogs sponsored a Dairy Field Day which netted 
$550.00 for the benefit of this work. It is stated that pride taken in im¬ 
proved premises has resulted in many tenants becoming owners, that they 
might be putting this effort on their own places. E.F.G. 

266. Present Trends in Milk Production in Relation to Future Prices of 

Dairy Products. G. E. Gordon, Univ. of Calif. The Assn. Bull. 

Intern. Assn, of Milk Dealers. 32nd year. No. 8, 196-201. 1940. 

Attention is called to the necessity of operating on a high plane of effi¬ 
ciency in both production and distribution. It is suggested that we may 
have been considering as a normal daily price level a price relationship in 
which dairy products have been comparatively high. The current produc¬ 
tion and consumption prospects are discussed. E.F.G. 

267. The Milk Supply of Large Cities—Discussion of Methods for Safety. 

J. C. Geiger and B. Q. Engle, San Francisco, Calif. The Assoc. 

Bull. Intern. Assn, of Milk Dealers. 32nd year. No. 8, 187-195. 

1940. 

San Francisco’s fluid milk supply is all of Certified or Grade A quality; 
is 100 per cent pasteurized and is produced on 190 dairy farms with an aver¬ 
age of approximately 100 milking cows per farm. The maximum hauling 
distance is 131 miles and the average 42. The cream supply is also Grade A 
quality, produced on 297 farms averaging 60 cows per farm. The per capita 
consumption of milk is .54 pints and of cream .035 pints. The many sani- . 
tary and health requirements surrounding the production and handling of 
this milk including tuberculosis eradication are outlined. Structure re¬ 
quirements include a barn used exclusively for milking and a two-room milk 
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house. Milk must be cooled below 45° F. necessitating mechanical refrig¬ 
eration. The logarithmic average of raw milk counts for 1926-27 was 
25,000 colonies per cc. which was gradually reduced to 3,000 in 1938-39. 
The fat content of the milk has increased from 3.59 to 3.90 per cent during 
the same period. All milk and cream is brought raw to the 18 city pasteur¬ 
izing plants. The logarithmic average of pasteurized milk in 1926 was 
19,000 while the average for the past 6 years is under 450. Numerous more 
recent requirements for the market are listed. The author stresses the point 
that the plate count is a poor index of the milk flora and no index of the 
safety. The important characteristic of milk from the health officers view¬ 
point is safety. The answer to safety lies in field control of sanitation, field 
measures to keep out pathogenic organisms and in pasteurization. E.F.G. 

268. Keeping Records for Determining Bottle Trippage. Anonymous. 

Milk Dealer, 29: 6, 34, 80. 1940. 

A chart is presented, which is used as follows for determining bottle trip- 
page : At the end of each filling period, mark number of bottles filled. At 
the end of each month put down total bottles bought. At the end of the 
year, divide the number of bottles bought into the number of bottles filled 
to find the number of trips per bottle. C.J.B. 

269. Consumption of Chocolate Milk by Children. Gideon Hadary, Univ. 

of Wis., Madison, AVis. Milk Dealer, 29: 6, 33. 80. 1940. 

From a study of the drinking habits of young children the following 
conclusions were drawn: 

1. Children drink less milk as they grow older in spite of the fact that 
their preference for milk does not decrease. 

2. Children shift away from milk drinking because of existing social and 
cultural influences. 

3. Soft beverages are the substitute of the whole milk. 

4. Chocolate milk is a beverage, and as such may come to replace the 
milk. 

5. Consumption of chocolate inilk does not decrease the total consump¬ 

tion of milk, due to the preference for the drink.The consumption of milk as 
a whole is increased. C.J.B. 

270. Stop Sunday Delivery. Anonymous. Milk Dealer, 29: 6, 31. 3940. 

In Akron, Ohio, as a step toward reducing distribution costs, Sunday 
deliveries have been eliminated. Time of delivery has been'c hanged to begin 
at 7: 30 A. M. instead of 5 A. M. Dealers report that sales have not suffered 
and that they have received hearty cooperation from the public. A big 
percentage of the milk sales in Akron is in gallon jugs. C.J.B. 
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271. Cereal Cream. Paul Vasterling, Sanitary Dairy Co., Indianapolis, 

Ind. Milk Dealer, 29: 6, 00, 44-48. 1940. 

The author advocates that cereal cream be used to compete with cream 
substitutes in order to improve the present low volume of cream sales. 

The cereal cream contains from 10 to 12 per cent butterfat and 11 to 13 
per cent of solids not fat, the additional solids being obtained from either 
skim powder or plain condensed. It is homogenized at high pressures, other¬ 
wise handled and processed much like ordinary cream. Because of the low 
fat content, cereal cream is sold under a trade name such as 44 Breakfast 
Special, ’ ’ etc. C. J.B. 

272. General Managerial Plant Problems. Walter C. Schafer, Borden's 

Dairy Delivery Co., Los Angeles, Calif. The Assoc. Bull. Intern. 

Assoc, of Milk Dealers. 32nd year, No. 9, 221-231. January, 

1940. 

The cost of change over of equipment in terms of labor requirements is 
calculated as 14 man hours per day wiien 10 different products were handled 
in addition to regular milk. The personal-injury frequency rate in all indus¬ 
tries is 13.85 per million hours worked, in the food industry 16.79 and in the 
dairy industry 23.99. It is recommended that ample appropriations be made 
for carrying out an accident prevention program. 

Many items of plant procedure are mentioned wdiich aid in eliminating 
public health hazard. It is recommended that all prospective employees be 
given an adequate physical examination before they are finally employed to 
determine-if they are able to meet the physical requirements of the industry 
and turn out a full day's work without hazard to themselves or fellow work¬ 
ers. The employee should have periodical physical examinations to keep 
him healthy and efficient. Such health supervision saves the company more 
than it costs. Several graphs show that more accidents occur on Monday 
than any other day, that February and September are the high accident 
months, handling objects causes more accidents than any other cause, that 
haste and lack of alertness are responsible for larger number of injuries and 
that of all parts of the body the fingers are most frequently hurt. E.F.G. 

273. Proper Assembly of Fittings and Fabrication of Milk Lines. E. N. 

Muzzy, Samark and Co., San Francisco, Calif. The Assoc. Bull. 

Intern. Assoc, of Milk Dealers. 32nd year, No. 9, 215-220. Janu¬ 
ary, 1940. 

The present tendency is away from many crosses and tee fittings and 
toward simpler layouts, including one piece fittings and the new type 
threaded sweep ells. Under the direction of the Simplified Practices Com¬ 
mittee of the International Association of Milk Dealers equipment design 
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has been both improved and standardized. The expanded and flared type of 
fitting has come with stainless steel and eliminated a great deal of poor sold¬ 
ering. An actual plant layout was shown and the piping was installed first 
in a modern satisfactory manner and then later, showing 4 ‘horrible’’ ex¬ 
amples of poor type of fittings and improper assembly. E.F.G. 

274. A New Method of Preparing Churned Cultured Buttermilk. George 

B. Sauer, Lucerne Cream and Butter Co., Los Angeles, Calif. The 

Association Bulletin, Tntern. Assoc, of Milk Dealers. 32nd year. 

No. 9, 211-214. January, 1940. 

A centrifugal pump is used instead of a butter churn to produce butter 
granules. The standard procedure for producing ch tamed'cultured butter¬ 
milk is followed till churning time. In winter it may be necessary to warm 
the ripened milk to 75 to 76° F. before pumping, A 2-inch pump turning at 
1500 r.p.m. is used discharging the culture 10 or 12 inches above the surface 
or preferably using a concussion chamber to provide a uniform drop. Ten 
minutes per 100 gallons of buttermilk is usually needed. It is stated that 
this method produces a slightly thinner body than the regular churn method 
but this can be controlled by adjusting the per cent of solids not fat. Ad¬ 
vantages claimed for the method are lower investment, the whole process car¬ 
ried out in one piece of equipment, better quality because the unsanitary 
churn is eliminated and also the size of granules can be more easily con¬ 
trolled. A rather complete description of the entire process is given. 

E.F.G. 

275. Contributions a T^tude du Calcium du Lait. (Contributions to the 

Study of Calcium in Milk.) R Vladesco. Le Lait, 19: 354. 

1939. 

The lack of agreement which exists in the older literature among values 
pertaining to the mineral matter of milk is understandable in the light of 
modern theories of ionization. Thus the quantity of calcium held by casein 
as a caseinate is dependent upon the reaction of the medium. In an alkaline 
medium very little calcium is held in the colloidal caseinate form. 

This fact can be taken advantage of in determining calcium in milk with¬ 
out the necessity of drying or ashing the sample. Ten ml. of milk are diluted 
with about 70 ml. of water and the protein precipitated with copper sulphate 
and potassium ferroeyanate. After making up to 100 ml. the mixture is 
filtered and 25 ml. of the filtrate analysed for calcium by the ammonium 

oxalate-potassium permanganate method. O.R.I. 

» 

276. Le Lait et La Vitamine C en Roumanie (Milk and Vitamin C in 

Rumania). R. Vladesco and Mlle II. Praiiaveanu. Le Lait, 

19: 798-806. 1939. 

The role of vitamin C in physiological oxidations and in the treatment of 
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diseases of the alimentary tract is discussed. In view of the fact that human 
infants sometimes have to secure part of their vitamin C from cows’ milk, 
extra care should be exercised to prevent its destruction. Data are presented 
to show that the cause of variation in the vitamin C content of raw milk is 
largely atmospheric oxidation. The average value was 16.32 mgm. per litre 
with a range of from 8.07 to 29.24 mgm. per litre. O.R.I. 

277. Factors Related to Viscosity Control. E. Wallenfeldt, Extension 

Specialist in Dairy Industry, ITniv. of Wis., Madison, Wis. Milk 

Dealer, 29: 5, 70-74, 83-84. Feb. 1940. 

The effect of butterfat content, temperature, breed of cow, separating 
temperature, pasteurizing temperature, aging, cooling time, homogenization, 
and special temperature treatment, on the viscosity of cream were studied. 
The following conclusions were drawn: 

1. Pasteurization temperature of 343-145° F. gives higher viscosity than 
higher temperatures with the holder method for 30 minutes. 

2. Aging for 24 hours before sale seems desirable from the standpoint of 
viscosity control. 

3. Accurate and uniform fat standardization is important. 

4. Cream should be delivered at as low temperatures (above 32) as is 
practical. 

5. Agitation between the temperatures of 90 degrees F. and 40 degrees F. 
should be as gentle and as uniform as possible. 

6. Slower rate of cooling will cause increased viscosity. 

7. If local health regulations and plant facilities permit, a viscous cream 
may be produced by separation of pasteurized milk (at 80-85 degrees F.) 
which has been held for several hours after pasteurization. 

8. Cream of very satisfactory body can be produced by homogenization. 

C.J.B. 

278. Thermophilic Bacteria in Pasteurized Milk. Charles C. Walts. 

Res. Assoc. Creamery Package Mfg. Co. Milk Plant Monthly, 29: 

4,29. 1940. 

Thermophilic “heat loving” bacteria are often responsible for high count 
‘ * pin point colonies ’ ’ on plated pasteurized milk. Three laboratory methods; 
namely, agar plate, direct microscopic and methylene blue and resazurin 
reductase, have been used to determine whether thermophilic or thermo- 
duric organisms are responsible for high counts and pin point colonies. 
Control procedures involve quality production procedures on the farm, par¬ 
ticularly adequate cooling, and in the plant checking such factors as cleanli¬ 
ness and sterility of cans, deposits of milkstone, cleaning, sterilizing and 
drying of equipment, repasteurization of milk, long continuous pasteuriza¬ 
tion, long use of same filter cloth, foam on milk, dead ends of sanitary piping, 
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allowing milk to remain hot in preheaters and permitting condensation from 
unsterile surfaces to drop into pasteurized milk. G.M.T. 

279. Chocolate Milk. J. G. Brereton, W. B. Combs, an t d II. Macy, 
Dairy Division, IJniv. of Minn., St. Paul, Minn. Milk Dealer, 2U: 
5, 38, 62-68. Feb. 1940. 

From a study of the factors influencing the physical characteristics, of 
chocolate milk the authors draw the following conclusions: 

1. With the exception of one powder and one hot-process syrup, all of 
the commercial non-settling chocolate milk preparations studied produced a 
stable chocolate milk when the processing recommendations of the manufac¬ 
turer were followed. 

2. Slow cooling of chocolate milk in the vat will cause cocoa sedimenta¬ 
tion if the milk is oil the borderline of complete stability as judged when the 
milk is surface-cooled. 

3. Increasing the fat content of the milk used to make non-settling choco¬ 
late milk will decrease the amount of cocoa sedimentation when instability 
results with a milk of a low fat content. 

4. With commercial, non-settling preparations, the temperature of the 
milk at the time of adding the powder or syrup does not affect stability, pro¬ 
vided the agitation in the vat is satisfactory and the material does not con¬ 
tain an alginate stabilizer. 

5. Increasing the temperature of pasteurization decreases the amount of 
stabilizer needed to produce a stable chocolate milk. 

6. In making non-settling chocolate milk by the cold-process syrup 
method, adding the syrup to milk as warm as 75 degrees F. does not impair 
the stability of the chocolate milk and may be considered advantageous 
because it facilitates the dispersion of the syrup in the milk. 

7. Colorless, odorless and practically tasteless stabilizers are available 
for making chocolate milk. 

8. The physical state of certain stabilizers in water suspension is greatly 
affected by the presence of relatively low concentrations of certain salts. 

9. The addition of small amounts of CaCl 2 to milk causes the gelation of 
a purified alginate stabilizer in that milk. 

10. In general, chocolate milk made with algal stabilizers has a tendency 
to thicken upon aging at 40 degrees F. as evidenced by the increase in the 
body flow time. 

11. The presence of algal stabilizers in milk can be shown by staining the 

milk with a dilute aqueous solution of crystal violet, # 

12. When chocolate milk is pasteurized at 165 degrees F. for 20 minutes, 
the minimum amount of the various stabilizers needed for complete stability 
has been shown to vary from 0.036 per cent up to 0.245 per cent of the weight 
of the milk used. 
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13. “Natural” process cocoas could not be used satisfactorily to prepare 
stable chocolate milk with the alginate types of stabilizer now being sold. 

14. "When stabilizers are used to prepare chocolate milk, the cocoa fat 
content and the relative fineness of the average commercial cocoa do not seem 
to have any appreciable effect upon the stability of the chocolate milk. 

C.J.B. 

280. Standardize New Two-Quart Bottle. Anonymous. Milk Dealer, 

29: 5, 37. Feb. 1940. 

A joint meeting of the glass container, cap, equipment, and crate indus¬ 
tries passed the following resolution: 

That a standard two-quart bottle be adopted for the dairy trade with the 
following specifications: 

Height. 10J in. 

Body Diameter. 4-25/32 in. 

Weight. 30 oz. 

C.J.B. 

281. Towards a Perfect Milk Market. J. Elizabeth Donley. Mass. 

Agr. Exp. Sta. Bull. 36(>. 

The bulletin reports a study of the milk supply for the city of Worcester, 
a secondary milk market in Massachusetts. An analysis of the supply, 
methods of payment and sales of milk for the year 1935 is made. The con¬ 
clusion was that an equilibrium of supply and demand, practically speaking, 
had been established. If any part of the channels then existing should be 
changed, the amount of surplus would doubtless increase. 

The transportation phase seems to be the only part which might be more 
efficiently organized but that involves personal relationships and should not 
be regulated by the Massachusetts Milk Control Board. 

There is really nothing radically wrong in the market set-up, at least in 
the supply side of it. The producer sells his milk regularly throughout the 
year, the dealer has very little surplus to dispose of, and the consumer is 
assured of a regular supply of good milk throughout the year. H.G.L. 

282. The Control of Sediment in Homogenized Milk. A. J. Hahn and 

P. H. Tracy, Dept, of Dairy Husb., Univ. of Ill., Urbana, Ill. The 

Dairy World, 18: 10, 28. Mar. 1940. 

Homogenized milk held cold (40°-45° F.), without excessive agitation, 
will be free of sedimentation if the cell count is under 100,000 ± 25,000. If 
the temperature increases after bottling and if the bottles have been sub¬ 
jected to agitation, then a cell count of 50,000 or less is needed to avoid 
sedimentation. Clarification is almost essential if the cell count is in excess 
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of 125,000 in milk to be homogenized. Clarification following homogeniza¬ 
tion is more efficient than previous to homogenization and multiple clarifi¬ 
cation is more efficient than single treatment. Destabilization of the milk 
protein will increase sedimentation and vice versa. F.J.D. 

MISCELLANEOUS 

283. The Choice of Fuel for a Dairy Plant. S. Konzo. Can. Dairy and 
Ice Cream J., 19: 2, 44. 1940. 

The author outlines 14 points to be observed in obtaining maximum com¬ 
bustion efficiency of the fuel in use. The choice of the fuel to be used in any 
given case is a matter to be decided ultimately by the plant owner. 

O.F.G. 


284. Some Facts about Merchandising Quick Frozen Foods. C. Q. Sher¬ 

man. Can. Dairy and Ice Cream J., .18: 12, 49. 1939. 

Quick frozen foods are economical and are better than when fresh. Ice 
cream manufacturers should be interested in quick frozen foods because they 
are a “natural” for distribution by the industry. The best type of outlet 
is the grocer or meat dealer catering to the average wage earning element. 
Frozen foods must be displayed so as to show how natural they appear. 
Suggestions as to equipment loans, insurance and margin for the distributor 
are given. O.F.G. 

285. Creating Consumer Demand. F. Beach. Can. Dairy and Ice Cream 

J., 18: 10,15. 1939. 

This is a discussion of present day advertising and suggestions are given 
as to how the best trends in presenting products to the consumer can be used. 
The author suggests that a judicious combination of research, proper devel¬ 
opment of customer good will, constant insistence upon cooperation and 
coordination within the industry, effectively presented by means of an inten¬ 
sive advertising campaign will create a satisfactory consumer demand. 

O.F.G. 

286. Nouvelle Application de la Lampe de Quartz a Haute Tension a 

Vapeur de Mercure Irradiation des Eaux D’alimentation des 
Chaudieres pour Empecher L’entartrage (New Application of the 
high tension quartz-mercury-vapour lamp to boiler feed water to 
prevent scaling). J. Vieilly. Le Lait, 20: 142-445 1940. 

Water which normally produces a hard, rust-colored scale when evapo¬ 
rated in a boiler, can be treated by irradiation so as to yield a soft type of 
boiler mud that can be easily removed. Water subjected to this type of 
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treatment and used for several months will gradually clean up a scaled-up 
boiler. The author presents no figures as to the type of hardness present in 
the raw water, however. 

The above results are discussed and the possible relationship between 
irradiated and “Scale-Buoy” treated water pointed out. The question is 
raised as to whether or not irradiation may not significantly affect the state 
in which calcium and other minerals are held in milk. It is also suggested 
that the anti-rachitic potency of such milk may be in part due to the acti¬ 
vation or ionization of the calcium. O.R.I. 

287. Address of the President at the Thirty-Second Annual Convention. 

F. F. Rennie, Jr., Virginia Dairy Co., Richmond, Va. The Assn. 

Bull. Intern. Assn, of Milk Dealers. 32nd year: 10, 237-248. 

Jan. 1940. 

The growth of the association from 62 members twenty-four years ago 
when it also met in San Francisco is reviewed. Trends in the industry and 
activities of the association committees during the past year are summarized. 
Reference is made to the objectives of the association and measures being 
taken to attain them. Attention is drawn to the fact that milk sold at lower 
prices than home delivered milk does not increase consumption, but that 
higher consumption results from home delivery to the ultimate benefit of the 
consumer. Recommendations are made with regard to activities which 
should be pushed during the coming year. E.F.G. 

288. Pacific Slope Dairying—Before 1850. Robert E. Jones. Pacific 

Dairy Review, 43 : 10. 1939. 

The first cattle in many numbers came to California in 1769. At Carmel 
Mission, milk was practically the only food for eight months, but for the most 
part there was an immense number of cattle and very little milk. The cattle 
were valuable for their hides and by 1834 there were over 400,000 of them 
being raised. 

Cattle made their way into Oregon and w r ere divided among the settlers. 
Jason Lee helped those settlers, who could afford to pay cash, to find ways to 
get cattle. Ewing Young and several others drove nearly 700 cattle to 
Oregon. Indians were a menace during the drive. 

Development of dairying in Idaho waited until the coming of irrigation. 
Reverend Colton thought that there w r as not much possibility for agriculture 
and dairying in California, but today California stands in second position 
among all the states in the value of agricultural products. P.A.D. 

f 

289. Pacific Coast Dairying During the Gold Rush—Article II. Robert 

E. Jones. Pacific Dairy Review, 43: 12. 1939. 

Jacob Harlan was considered the first San Francisco distributor of millr 
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In 1850 he bought some cows and employed a man to sell the above men¬ 
tioned product at four dollars a gallon. 

The feeling for improved stock was great in the early fifties; therefore, 
little regard was given to the preservation of the native breed. Robert 
BJakon was extensively engaged in the importing and breeding of fine live¬ 
stock. 

The cows driven across the plains were the foundation of dairy efforts, 
for the growth of dairying after 1850 w*as rapid. By 1860 the eastern rim 
of California was well populated by the offspring of the pioneer cows and 
the production of dairy products was a growing industry. P.A.D. 

290. Modern Methods of Fly Control. W. A. Poiilman, Milk Dealer, 

29: 6, 40, 64-68. 1040. 

A discussion is given of fly control from the standpoint of prophylactic 
methods and plant openings. The prophylactic methods apply to the terri¬ 
tory adjacent to and surrounding the plant property and in the plant proper. 
The plant openings are discussed from the standpoint, of proper closures, 
erection of barriers, and elimination of unnecessary openings. C.J.B. 

291. Recharting Your Plant for More Efficient Steam Operation. II. A. 

Moon. Milk Dealer, 29: 5, 30-32, 57-61. Feb. 1940. 

A detailed description of how T to chart plant operations. This is followed 
by instructions for reclmrting the plant so as to avoid danger points. 
Examples are given where reclmrting eliminated the necessity of purchasing 
a larger boiler. The chart is also applicable for the lighting, power, labor, 
refrigeration, and water used in any given plant. C.J.B. 

292. Clean Dairy Products. L. M. Dorsey, Univ. of Maine. Ice Cream 

Trade J., 36: 3, 53. 1940. 

The advantage of water lubricated pumps over oil lubricated pumps for 
water supplies for food production is pointed out. W.H.M. 

293. Maintaining Plant Efficiency. H. 8. Fielder, Cherrv-Burrel 1 Corp., 

Chicago, Ill. Ice Cream Field, 5\5.*.2, 20, 22, 74, 75. 1940. 

It is pointed out that most people realize the value of proper plant layout, 
but too frequently they fail to see the need for replacing or remodeling obso¬ 
lete and worn out equipment. 

In the installation of new equipment or the remodelingtof a plant it is 
necessary to check many details which might otherwise fail to be properly 
handled. Special mention is made of steam and refrigeration. 

It is claimed that upkeep and maintenance are fundamental in obtaining 
good operating efficiency in any plant, but especially in a dairy plant. 
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Proper maintenance will keep ‘ 4 shut-downs’’ to a minimum. He advises the 
proper filing of instructions for maintenance, lubrication, etc., for each piece 
of equipment which will help prevent difficulties and will help eliminate 
them if they occur. 

May other regularly recognized practices are mentioned in relation to 
economical plant operation, e.g., lioncondensable gases in the refrigeration 
system raise the head pressure, oil in the evaporators requires lower back 
pressures at the compressor in order to accomplish the cooling desired. 

w.c.c. 


PHYSIOLOGY 

294. The Comparative Anatomy of the Mammary Glands (With special 

reference to the udder of cattle). Charles W. Turner, Univ. 

Cooperative Store, Columbia, Mo. 373 pages, illustrated. 

This book is designed primarily as a text for college students of agricul¬ 
ture (dairy and animal husbandry), veterinary science, biology, and medi¬ 
cine. Investigators in these fields will find the book an excellent reference 
text. 

A valuable feature of the book, especially for research workers, is the 
extensive bibliography following each chapter. For the student the ques¬ 
tions with each chapter will prove stimulating in ascertaining his knowledge 
of the chapter. 

The work consists of the following 5 parts: Part I, The Gross Anatomy of 
the Mammary Glands of Cattle; Part II, Microscopic Anatomy of the Udder 
of Cattle; Part III, The Comparative Anatomy of the Mammary Gland; 
Part IV, Anatomy of the Mammary Glands of the Hoofed Mammals (Ungu¬ 
late) ; and, Part V, The Anatomy of the Mammary Glands of the Primates. 

This book is well written and admirably illustrated with 54 full-page 
plates and 14 charts and diagrams. It is unique in having as a source of so 
much of its material the work of the author. R.P.R. 

295. Hormonal Inhibition of Lactation. R. P. Reece, J. W. Bartlett, I. 

L. Hathaway, and H. P. Davis, Depts. of Dairy Husbandry, N. J. 

Agr. Exp. Sta. and Nebr. Agr. Exp. Sta. Proc. Soc. Exp. Biol, and , 

M. , 43: 183. 1940. 

Fifty-six lactating rats were used in this study. An estrogen (Pro- 
gynon-B) and a gonadotropic principle from pregnant women’s urine 
(Antuitrin-S) were administered separately and also simultaneously. The 
effectiveness ofi Progynon-B in inhibiting lactation was increased through 
the simultaneous administration of Antuitrin-S. Many cells in mitoses were 
observed in the mammary gland parenchyma of rats so treated. Progynon- 
B, either alone or with Antuitrin-S, augmented the lactogen content of the 
pituitary gland. R.P.R. 
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296. Further Evidence for a Mammogenic Factor in the Rat Hypophysis. 

Ralph P* Reece and Samuel L. Leonard, Dept, of Dairy Hus¬ 
bandry, N. J. Agr. Exp. Sta., and the Bureau of Biol. Res., Rutgers 
Univ. Proc. Soc. Exp. Biol, and M., 42: 200. 1939. 

It was possible to demonstrate an “hypophyseal factor ’ 1 in rats of both 
sexes which was capable of inducing growth of the mammary glands in 
castrated hypophysectornized immature female rats. The administration* of 
estrogens did not influence the “mammogenic factor” when tested in hy- 
poi>hysectomized rats, however, the treatment was sufficient to lower the 
growth-stimulating power of the hypophyses. R.P.R. 

297. Lactogen Content of Female Guinea Pig Pituitary. R. P. Reece, 

Dept, of Dairy Husbandry, N. J. Agr. Exp. Sta., Proc. Soc. Exp. 
Biol, and M., 42: 54. 1939. 

The lactogen content of pituitary glands from 48 guinea pigs sacrificed 
either in estrum, diestrum, early pregnancy, late pregnancy, or the 11th day 
of the lactation period was determined by injecting the suspended tissue 
intradermally over the crop gland of common pigeons. The lactogen con¬ 
tent was lowest during diestrum and highest during lactation while the 
glands from guinea pigs in estrum contained more lactogen than did those 
in early pregnancy and less lactogen than did those in late pregnancy. 

R.P.R. 

298. The Respiration of Human Spermatozoa and Their Response to 

Various Gases and Low Temperatures. Landrum B. Siiettles, 
Dept, of Obstetrics, Johns Hopkins Univ. and Hospital. Am. J. 
Physiol., 128: 408-415. 1940. 

Carbon dioxide produces complete immobility of human spermatozoa 
within a few minutes. Motility can be restored if the carbon dioxide is re¬ 
placed by nitrogen, air, or oxygen as soon as all movement ceases. The toxic 
effect of the gas is dependent neither upon its acid character nor upon 
anoxia. Nitrogen, nitrous oxide, and air reduced to a very low pressure do 
not decrease the motility of the spermatozoa. Helium and pure oxygen in¬ 
crease motility. No data are given relative to the effect of these treatments 
on the fertilizing ability of the spermatozoa. D.E. 

299. Die Entwicklung des schwarzbunten Niederungsrindes von der 

Geburt bis zum 5. Lebensjahr und variationsstatistische Unter- 
suchungen einer Population solcher Rinder voider Geburt bis 
zum. 3. Lebensjahr. Aloys Ott. Ztschr. f. Tierzucht. u. 
Zuchtungsbiol., 45: 3, 259-308. 1940. 

At the University of Breslaw 121 cattle were measured regularly from 
birth to the age of three years and 34 of these were measured to five years. 
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Nine measurements besides weight were taken at birth, then monthly during 
the first year, then quarterly during the second year, then at 2.5 years, and 
finally at three, four and five years. Measurements are given in absolute 
numbers, relative to wither height, relative to their initial value, and rela¬ 
tive to the values at five years. The discussion includes growth rates, indi¬ 
vidual and racial differences, and the changing conformation of the animal 
with age. Standard deviations were computed on the larger group and con¬ 
siderable stress is laid on the coefficient of variation in interpreting growth 
changes. J.L.L. 
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300. Microbiology of Paper and Paper-board for Use in the Food Indus¬ 

try. F. W. Tanner, Univ. of Illinois, Urbana, Ill., E. Wheaton 
and 0. 0. Ball, American Can Co., New York. Anier. J. I*nb. 
Health, 30: 256. 1940. 

The authors conclude that paper and paper-board made for use in the 
food packaging industries is a sanitary product of high order. It is not 
only made from clean, sanitary, raw materials but also results from a manu¬ 
facturing procedure in which arc several absolutely lethal steps, i.e., cooking, 
bleaching with chlorine, and hot drying rolls. Escherichia coli is not found 
in paper so made. M.W.Y. 

301. Microbiological Content of Paper-board Used in the Packaging of 

Foods. *J. R. Sanborn, N. Y. State Agr. Exp. Sta., Geneva, N. Y. 
Amer. J. Pub. Health, 30 : 247. 1040. 

Very few counts in excess of 500 per gram of disintegrated paper-board 
were found in 2,877 analyses of milk container board from 13 different mills. 
Slightly higher counts were found in 1,746 analyses of miscellaneous food 
package paper and paper-board. Differences in the composition of standard 
agar and incubation at 30° C. rather than at 37° C. did not greatly affect 
bacterial counts. Bacteria found were the common saprophytic types. 

M.W.Y. 

302. The Production and Utilization of Lactic Acid by Certain Propionic 

Acid Bacteria. A. S. Phelps, M. J. Johnson and W. II. Peter¬ 
son. Univ. Wisconsin, Madison, Wis. Bioehem, J., 33: 1606. 1939. 
The purpose of the study was to ascertain the conditions under which 
lactic acid would accumulate and to characterize the lactates formed by 
some of the propionic acid bacteria. Of the three cultures used, P. pcnto- 
saccum , P. lechnicum and P. shtnmnii , the first produced only 1(f) lactic 
acid from glucose and arabinoso. the second only 1(+) lactic acid from glu¬ 
cose. The three organisms failed to racemize optically active lactic acid. 
The growth rates upon the three optical isomerides varied. The presence 
of both 1(0 and d(-) lactic dehydrogenases in these organisms was demon¬ 
strated. K.G.W. 

303. Strain Variation in the Root Nodule Organism of White Clover. 

W. D. Reid. Proc. Soc. Agr. Back, Abstracts, p. 43, 1939, Aber¬ 
ystwyth, England. 

Clover seeds were incubated with six different strains of nodule bacteria. 
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In field tests only one strain (N.Z.ll) showed any significant increase in dry 
matter and nitrogen content above the untreated control needs. 

L.J.Meanwell 

304. Evaluation of Detergents and Disinfectants. A. T. R. Mattick and 

E. Sharpe. Proc. Soc. Agr. Baet., Abstracts, p. 38, 1939, Aber¬ 
ystwyth, England. 

The bactericidal values of alkaline detergents have been studied and K, 
N and 0 values determined for the pure substances and for various mix¬ 
tures, commercial or compounded. The presence of 0.1 per cent milk was 
found to decrease considerably the values obtained in its absence. 

L.J.Meanwell 

305. Preservation of Starter Cultures. A. T. R. Mattick and II. J. 

Rogers. Proc. Soc. Agr. Baet., Abstracts, p. 40, 1939. Aberyst¬ 
wyth, England. 

The centrifuge deposit of a St. cremoris culture transferred to broth 
4 5 per cent serum—dried and frozen under vacuum, retained its vitality 
after storage at room temperature in the dark for 11 months. 

L.J.Meanwell 

306. A Hippurate Aesculin Broth for the Identification of Str. Agalactiae. 

J. G. Davis and II. J. Rogers. Proc. Soc. Agr. Baet., Abstracts, p. 
41, 1939, Aberystwyth, England 

Aesculin yeast litmus milk (J. Comp. Path., 52, 132) gives four of the 
characteristic reactions of Str. agalactiae. Attempts to devise a single 
medium to two of those remaining (viz., hippurate hydrolysis and orange 
pigment formation with starch) failed. The only modification found to be 
of any value was the incorporation of aesculin. This medium may therefore 
be used in conjunction with yeast dextrose litmus milk (J. Dairy Res. 6, 125) 
to identify Str. agalactiae with certainty in eradication schemes, 

L.J.Meanwell 

307. A Homofermentative Tetracoccus Isolated from A.I.V. Silage. A. 

Cunningham and A. M. Smith. Proc. Soc. Agr. Baet., Abstracts,' 
p. 9,1939, Aberystwyth, England. 

The organism described produced 3 per cent of lactic acid from dextrose 
in the presence of calcium carbonate. This is not in agreement with Orla 
Jensen’s statement that “the tetracocei are on the whole very weak acid 
producers . 9 9 1 L.J.Meanwell 

308. A Motile Lactobacillus Isolated from A.I.V. Silage. A. Cunning¬ 

ham and A. M. Smith. Proc. Soc. Agr. Baet., Abstracts, p. 7,1939, 
Aberystwyth, England. 
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So far as is known, this is the first record of motility in a homofermenta- 
tive lactobacillus. L.J.'Meauwell 

309. Methods of Reproduction of a Spore-forming Bacillus. J. C. Ap¬ 

pleby. Proe. Soc. Agr. Baot., Abstracts, p. 11, 1939, Aberystwyth, 
England. 

An aerobic spore former is described that gives rise to eoeoal forms which 
reproduce hy budding and the formation of gonidia as well as by fission. 
Occasionally the cocci revert to the original bacillus. L.J.Meamvell 

310. Technique and Uses of a Method of Direct Microscopic Count. L. 

A. Allen. Proc. Soc. Agr. Bact., Abstracts, p. 13, 1939, Aberyst¬ 
wyth, England. 

A modification of the Breed method of counting in which a dropping 
pipette is used. The technique of staining is described. L.J.Meamvell 

BUTTEK 

311. Application of the Phosphatase Test to Butter. E. H. Parfitt, 

Lafayette, Indiana, \V. II. Brown and 0. W. Shadwick, Jr., Chi¬ 
cago, Ill. Amer. J. Pub. Health, 30: 240. 1940. 

No relation existed between the phosphatase value, yeast and mold count, 
total bacterial count and keeping quality of the butter. Agreement between 
two laboratories was closer with short methods than with the one hour 
method. Flash pasteurization yielded a higher percentage of phosphatase 
positive reactions than vat pasteurization although some plants which were 
flash pasteurizing consistently yielded negative phosphatase reactions, indi¬ 
cating that the process was not at fault. Fnder the conditions with which 
butter is marketed, a significant number of samples will react negatively 
when fresh, and positively after receiving treatment comparable to the com¬ 
mercial methods of distribution. M. W.Y. 


CHEESE 

312. Holes and All: Swiss Cheese Has Historic Background. Marie 
Wjdmer. The Pacific Dairy Review, 24: 4, 10. 1940. 

In 1291 cheese was treasured as an “essential food.” The exportation 
of it began in the 15th century and with milk and dark bread, formed the 
staple food of the Swiss people in the 16th century. 

Today there are about 2,900 niodernly equipped chqpse factories in 
Switzerland. The process of making cheese takes about five or six months; 
this also includes the fermentation which produces the holes characteristic 
of Swiss cheese. 

Transportation is swift and modern, therefore cheese doesn’t suffer from 
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temperature changes. The variety of cheese is great; the uses, endless. 
Cheese and butter manufacture in Switzerland absorb 48 per cent of the 
country’s milk production. P.A.D. 

313. The Volatile Acidity in Relation to the Flora of Cheddar Cheese. 

A. T. R. Mattick and E. R. Hiscox. Proc. Soc. Agr. Bact, Ab¬ 
stracts, p. 39, 1939, Aberystwyth, England. 

Raw milk cheese show a higher volatile acidity at maturity than heated- 
milk cheese, this may be due to an early change of flora in raw cheese from 
streptococci to rod forms. High volatile acid accompanies large numbers 
of the miscellaneous flora which may stimulate the growth of lactic acid 
bacteria in raw milk cheese. L.J.Meanwell 


CHEMISTRY 

314. The Determination of Peptide Bonds in Crystalline Lactoglobulin. 

Rollin D. Hotchkiss, Copenhagen, Denmark. J. Biol, (’hem., 
131: 387. 1939. 

The number of peptide bonds in crystalline lactoglobulin has been 
estimated by determining the increase of annuo and carboxyl groups when 
the protein is completely hydrolyzed by (a) a succession of enzymes, and 
(b) boiling with mineral acid. The average equivalent of peptide bond 
corresponds to 115.5 gm. of protein. If a molecular unit of 288 amino acid 
residues is considered, the total molecular weight is computed to be 33,300, 
which is significantly different from the figure 39,000 more frequently cited 
as the molecular weight of lactoglobulin. K.G.W. 

315. A Fluorometric Method for Determining the Riboflavin Content of 

Food Stuffs. A. Z. IIodson and L. C. Norris, Cornell Uniw, 
Ithaca, N. Y. J. Biol. Chem., 131: 621. 1939. 

A fluorometric method of determining the riboflavin content of food¬ 
stuffs is described. The results of application of the method are in good 
agreement with micro-biological methods reported by others. K.G.W. 

316. Electrokinetic Aspects of Surface Chemistry. VI. The Interac¬ 

tion of Gelatin with Casein and Egg Albumin at Surfaces. L. 

S. Moyer and Elsie Z. Moyer, TJniv. of Minn., St. Paul, Minn., 
and Biological Lab., Cold Spring Harbor, N. Y. J. Biol. Chern., 
132: 357. 1940. 

“The interaction of gelatin with casein and egg albumin at surfaces was 
investigated by means of electrophoresis measurements. When particles of 
collodion are coated with gelatin or egg albumin and then placed in contact 
with the other protein in the dissolved state, the particles assume a gelatin 
surface in respect to their electric mobilities. Particles of carbon, quartz, 
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collodion, or mineral oil placed in a mixture of egg albumin and gelatin 
likewise became coated with gelatin. These same results were found when 
the egg albumin solution contained surface-denatured egg albumin and the 
particles were quartz. In the system, casein-gelatin, over the range be¬ 
tween pH 5.8 and 7.8, the resultant surface seems to be determined by the 
protein which is permitted to coat the particles first. In mixtures of the 
two proteins to which particles of quartz or collodion were added, the casein 
seem to diffuse more rapidly to the surface and prevent the adsorption of 
gelatin for the most part. Particles of casein itself, in the pH range where 
casein is insoluble, are not influenced much by gelatin except over a pH 
range which extends from pH 5.2 (slightly above the isoelectric point of 
gelatin) to 3.7 (a value below the isoelectric point of casein). In this range 
casein becomes completely coated with gelatin. The nature of the mechan¬ 
isms and their biological significance is discussed.” K.G.W. 

317. Electrokinetic Aspects of Surface Chemistry. VIII. The Compo¬ 

sition of the Surface Film on Fat Droplets in Cream. Laurence 
S. Moyer, Univ. of Minn., St. Paul, Minn. J. Biol. Chcin., 133: 
29. 1940. 

An interpretive review is made of previous reports on electrokinetic 
studies of fat droplets, and surface membranes. An investigation of the 
surface properties of the fat droplets of cream by means of the microscope 
method of electrophoresis was made. “Milk fat droplets washed with dis¬ 
tilled water and suspended in buffer solutions exhibit electric mobilities 
which arc markedly different from those of casein under the same conditions, 
with the isoelectric point considerably lower. Although unwashed fat 
globules were not significantly different in their behavior from washed fat 
droplets at values above pH 5.8, below this figure the electric mobility 
curves were markedly different, with the unwashed droplets progressively 
assuming an electrokinetic behavior more nearly identical to that of casein 
as the pH was decreased. The isoelectric point of the unwashed droplets 
was not significantly different from that of casein. It was suggested the 
behavior of the unwashed droplets is complicated by the presence of casein 
and that pH values at which casein is very slightly soluble the fat droplet 
surface becomes contaminated with casein. The isoelectric point of casein is 
dependent to a certain extent upon the ionic strength in acetate buffers, 
becoming lower in pIT value at higher ionic strength. These data are inter¬ 
preted to be more closely in accord with the evidence of Ij. S. Palmer for the 
existence of a complex of phospholipids and a ‘membrane’ protein, different 
from other known milk proteins, composing the fat droplet surface.” 

K.G.W. 

318. The Nature of Sugar in the Milk and the Carbohydrate Metabolism 

of Lactating Women. K. M. Daoud, Biochemical Dept., Faculty 
of Medicine, Cairo, Egypt. Biocliem. J., 3i: 1. 1940. 
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In lactating diabetics no glucose is secreted in the milk regardless of the 
existence or absence of hyperglycemia. The amounts of lactose and other 
constituents of the milk remain within the range for normal individuals. In 
diabetics, the active mammary glands, contrary to other glands, prevent 
glucose leakage, possibly by virtue of their synthetic power for lactose, and 
are capable of maintaining normal milk composition. K.G.W. 

319. Vitamin in Rat's and in Guinea Pig’s Milk. James Houston and 

S. K. Kon, Nat. Inst, for Res. in Dairying, Univ. of Reading. Bio- 
chem. J., 33: 1655. 1939. 

The following values determined by physical and chemical methods for 
the concentration per 100 ml. of vitamin A, carotene, vitamin B, riboflavin 
and vitamin C, respectively, in rat's and guinea pig's milks, viz., rat: 0.13 
mg.; not measurable, 50-80 l.U.; 0.4-0.8 mg.; 0.4 mg.; guinea pig: 0.09 mg.; 
0.011 mg.; 20 l.U.; 0.085 mg.; 29.0 mg. 

Compared with cow's milk rat's milk is richer in vitamin B, and ribo¬ 
flavin, but contains much less vitamin C. Guinea pig's milk contains much 
vitamin C, about half the amount present in average lemon juice. Feeding 
riboflavin to lactating rats resulted in increased concentration of the factor 
in milk, but generous administration of vitamin B, or C was without effect. 
The vitamin B content of rat's milk dropped sharply when a vitamin B 
deficient ration was used. K.G.W. 

320. Xanthine Oxidase and Milk Flavoprotein. II. S. Corran, J. G. 

Dewan, A. H. Gordon and D. E. Green, Biochemical Dept, Cam¬ 
bridge. Biochem. J., 33: 1694. 1939. 

A method is described for preparing a flavoprotein which catalyzes the 
oxidation of hypoxanthine, aldehydes and dihydrocoenzyme I, and is about 
1000 times more active per mg. dry weight than milk. The three catalytic 
activities though associated with the same flavoprotein can be differentially 
inactivated. The flavin moiety has been shown to be very similar to, if not 
identical with, flavinadenine nucleotide. K.G.W. 

DISEASE 

321. Bloat in Dairy Cattle. T. M. Olsen. S. D. Agr. Exp. Sta. Circ. 27. 

1940. 

A report on analyses of gases from the rumen of cows which had bloated 
after consuming various pasture grasses: sweet clover, alfalfa, Sudan 
grass, sorghum, com, brome grass and marsh or lowland grass were used in 
the trials. No striking differences in the kinds of gas found were determin¬ 
able as between legume and non-legume pastures. CO which is toxic in small 
quantities in the blood was found to vary in rumen gas, from 0,05 to 0.58 
per cent. H*S, also toxic in low percentage in the blood, is to be determined 
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in future analyses. No statements are made relative to probable causes of 
death by bloating, ?.f., whether pressure reduces heart and Jung action to the 
lethal point or whether toxic pises are important as a cause of death. 

Author’s abstract 


FEEDS AND FEEDING 

322. Influence of Feeds on Lecithin Content of Milk and Possible Rela¬ 

tionship of Lecithin Content to Susceptibility of Milk to Copper- 
Induced Oxidized Flavor. I. A. Gould, W. K. Fox and G. M. 
Trout, Michigan State College, East Lansing, Mich. Food Re¬ 
search, 5: 2, 131. Mareh-April 1040. 

Feeds do not influence the lecithin content of milk, which was found to 
average .0401 dr .0011 per cent to .0474 it .000!) per cent when the eows were 
fed low and high fat rations respectively. The lecithin content of the milk is 
fairly constant regardless of variations in the percentage of fat; thus, as the 
per cent, of fat in milk increases, the per cent of lecithin in the fatty extract 
decreases. There is no relationship between the amount of lecithin in milk 
and its susceptibility to copper-induced oxidized flavor. F.J.D. 

323. Feeding the Dairy Herd. AY. B. Nevens. Ill. Agr. Exp. Sta. Circ. 

502: 1-32. Feb. 1940. 

A practical brief manual of feeding for dairy farmers. Among the 
topics included are : (1) qualities of a good dairy ration, (2) classification 
of feeds, (3) barn feeding, (4) grain mixtures, (5) pasture feeding, (6) 
method of calculating mixtures. (7) special care at calving time, (8) feeding 
young stock, (9) special problems in dairy cattle feeding, (10) feeding 
value of individual feeds. Tables showing feed value yielded per acre by 
various Illinois crops and nutrients in 100 pounds of various dairy feeds are 
given. O.R.O. 

324. The Preservation of the Grass Juice Factor in Silage. B. C. John¬ 

son, C. A. Elver.jem, W. H. Peterson and H. J. Fagen, TTniv. 
of Wisconsin, Madison, Wis. J. Nutrition, Iti: 527-35. 1939. 

The “grass factor” which is found in milk from cows on pasture is pre¬ 
served in forage by ensiling. The A. I. V. and phosphoric acid methods of 
ensiling gave better preservations of the “grass juice factor” than did 
molasses. Milk from cows fed phosphoric acid alfalfa silage was found to 
be approximately as rich in the “grass juice factor” as milk produced by 
cows on summer pasture. • C.F.H. 

FOOD VALUE OF DAIRY PRODUCTS 

325. Comparison of Nutritive Value of Refined Coconut Oil and But- 

terfat. R. S. Harris and L. M. Mosher, Massachusetts Institute of 
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Technology, Cambridge, Mass. Food Research, 5: 2,177. March- 

April 1940. 

In apparently well controlled experiments, rats were fed complete fat- 
free diets supplemented, in one group, with refined coconut oil, and in 
another, with pure butterfat. A control group received a standard stock 
ration. The experimental diets were normal in all respects except that they 
contained an abnormally large proportion of fat. The animals fed coco¬ 
nut oil increased in weight more rapidly than those fed butterfat, but the 
increase was not due to adipose tissue. Animals on both experimental diets 
developed slight fatty infiltration of the body and liver cytoplasm. No 
evidence was found of pathological tissue changes in any of the animals. 
The results indicate, according to the authors, that butterfat and coconut 
oil, even when fed at rather high levels in a complete diet, are equally harm¬ 
less to rats and presumably to man. F.J.D. 

326. Influence of Sunlight on Flavor and Ascorbic Acid Content of Milk 

Exposed in Three Different Types of Paper Containers. J. L. 

Henderson, D. C. Foord and C. L. Roadhouse, University of Cali¬ 
fornia, Davis, Calif. Food Research, 5: 2, 153. Mareh-April 

1940. 

Three types of paper milk containers of different paper stocks were com¬ 
pared for protective effects against flavor production and ascorbic acid de¬ 
struction caused by exposure to sunlight. All three of the paper contain¬ 
ers exhibited greater protection than did the clear glass milk bottle, but there 
was considerable variation in the degree of protection afforded by the paper 
containers. The container providing the greatest protection was one made 
of thick paper with unbleached or colored inner plies. The destruction of 
ascorbic acid by sunlight was found to be a useful index of the effect of the 
sunlight on the flavor of the milk. F.J.D. 

327. The Importance of Economical Milk in Human Nutrition. Mari¬ 

etta Eichelberger, Chicago, Ill. Amer. J. Pub. Health, 30: 169. 

1940. 

Summaries of reports concerning the place of evaporated milk in human 
nutrition are presented. Evaporated milk is popular for infant feeding 
because of its curd character and easy digestibility. It is a satisfactory 
source of calcium, phosphorus and nitrogen. Evaporated milk is an im¬ 
portant source of vitamins. About 50 per cent of the country’s evaporated 
milk supply is irradiated and about 10 per cent is reinforced with a vitamin 
concentrate. The need is vital in human nutrition for an economical milk 
supply. M.W.Y. 

328. The Food Value and Economics of Skim Milk. J. S. Abbott, Wash¬ 

ington, D. C. Amer. J. Pub. Health, 30: 237. 1940. 
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Facts are given about the food value of skim milk. Ninety per cent of the 
food nutrients or food value of skim milk is wasted when it is fed to pigs for 
conversion into pork. The writer states that there ought not to be any 
restrictions against compounding skim milk with other foodstuffs for use as 
human food. M.W.Y. 

329. Whey as a Source of Vitamins and Vitamin Products. G. C. Sup¬ 

ples, Bainbridge, N. Y. Ind. Eng. Chem., 32: 238. 1940. 

Whey, or a concentrated fraction thereof, has been shown to contain 
lactoflavin (riboflavin, vitamin B. or G), thiamine (vitamin B a ), the anti- 
acrodynia factor (vitamin B«), prothrombin (vitamin K), provitamin D, the 
oestrogenic hormone, and by permissible deduction, vitamin E and factor 
W. The multiplicity of vitamins found in the whey fraction after removal 
of protein and milk sugar is adequate in water-soluble factors to support 
growth, reproduction, and lactation. Eight successive generations of white 
rats have been maintained with a normal life cycle on a restricted experi¬ 
mental diet in which the whey vitamin fraction supplemented with rice 
jiolish served as the sole source of all vitamins except the fat-soluble fac¬ 
tors carried by a small percentage of cod liver oil. B.H.W. 

330. The Vitamin A Content of Cheese* A. W. Davies and Thomas 

Moore, Univ. Cambridge and Medical Research Council. Biochem. 

J., 33: 1645. 1939. 

English Cheddar cheese was found in biological tests to have a vitamin A 
potency of an order (7.5 I.U. per gram) that would be expected from its 
milk fat content, and from the result of colorimetric estimations of vitamin 
A and carotene. Colorimetric determinations on other full milk cheese gave 
similar results. Lower values were found for cheeses of lower fat content. 

K.G.W. 

331. Adequacy of a Milk Diet for the Rat. L. R. Richardson and A. G. 

Hogan, Univ. of Missouri, Columbia, Mo. J. Nutrition, 19: 13-19. 

1940. 

The addition of iron, copper, manganese and iodine to a milk diet of rats 
resulted in the production and weaning of almost as many young per litter as 
did the controls. The experimental animals produced about half as many 
litters per female as did the controls. The authors concluded that appar¬ 
ently milk is deficient in some nutrient other than iron, copper, manganese 
or iodine, which is essential for normal reproduction. C.F.H. 

332. The Determination of Ascorbic Acid in Commercial failks. W. W. 

Woessner, C. A. Elveitjem and IT. A. Sotiuetts, Univ. of Wis¬ 
consin, Madison, Wise, J. Nutrition, 13: 619-626. 1939. 

The authors described a method for determining the ascorbic* and de¬ 
hydro ascorbic acid in raw and commercially pasteurized milk. High pro- 
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during cows do not necessarily give less ascorbic acid per liter than low 
producers. Milk from the Brown Swiss herd contained the most ascorbic 
acid per liter followed by Jerseys, Guernseys, and Holsteins respectively. 

Samples of raw, certified, certified Guernsey and certified vitamin D 
milks were only a little below fresh milks indicating but a small loss of 
ascorbic acid from the cow to the consumer. Commercial pasteurized milk 
contained about half as much ascorbic acid as fresh raw r milk and signifi¬ 
cantly less ascorbic acid than commercial unpasteurized milks. Mineral 
modification and homogenization apparently have a destructive effect on 
ascorbic acid. C.F.H. 

333. Why Your Customers Need More Dairy Products. Nina Sim monos, 

Univ. of Calif., San Francisco, Calif. Assn, Bull., Int. Asti. Milk 

Dealers, 32nd year: 333-338. Feb. 1940. 

Emphasis is placed upon the value of milk from standpoint of protein, 
calcium and phosphorous. Menus are given. For each menu is given the 
content of the several food constituents and calorific values. E.F.G. 

334. The Vitamin A Content of “Light White” Casein. M. K. Maitra 

and Thomas Moore. Nutr. Lab., Univ. of Cambridge, and Med. 

Res. Council. Biocliem. J., 33: 1648. 1939. 

“Light White” casein contained enough vitamin A to promote slow 
growth in rats depleted of the vitamin when included in the diet at the level 
of 20 per cent. Hot alcohol extracts of the casein were colored yellow and 
gave blue colorations when treated with SbC1 :t reagent. The value of one 
I.U. per gram may be taken as the approximate vitamin A content of typical 
casein. Ether and ethylepe dichloride, used in the cold, extracted only a 
small fraction of the fat present. The vitamin A activity of the casein was 
at least partially retained. K.GW. 

ICE CREAM 

335. Factors Affecting Viscosity and Coverage Value of Chocolate Coat¬ 

ings for Ice Cream. Harold Collins and J. H. Erb, Ohio State 

Univ., Columbus, Ohio. Ice Cream Rev., 23: 1, 28. 1939. 

The incorporation of small amount of moisture in chocolate coating fqr 
ice cream bars increases the viscosity of the coating and decreases coverage 
value. Coating to which lecithin was added in amounts up to 0.4 per cent 
resisted moisture thickening. Results obtained under commercial plant 
conditions showed that when this amount of lecithin was added, the number 
of bars coated ( per pound of chocolate was increased. J.II.E. 

336. Ice Cream Cabinet Maintenance. Anonymous. Ice Cream Rev., 

23: 1, 42. 1939. 

Moisture in a refrigerating system using F-12 as a refrigerant will freeze 
at the expansion valve orifice causing it to stick on either the open or closed 
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position. At this sign of trouble the entire system should be checked for 
the leak and repaired. Then a suitable chemical dryer should be used to 
dehydrate the system. Several satisfactory dryers are mentioned. 

J.H.E. 

337. New Sweetening Agents for Ice Cream. P. II. Tracy, Univ. of III., 

Urbana, Ill. ice Cream Rev., 23: 6, 35. 1940. 

When the manufacturer replaces sucrose in ice cream with substitute 
sweetening agents, he should expect differences in results. The type of 
sweetness may not be the same, but this does not necessarily mean a disad¬ 
vantage. All monosaccharides will depress the freezing point more than 
will cane or beet sugar, but when they are used in limited amounts this is not 
a serious problem. The lower freezing point of mixes containining mono¬ 
saccharides may cause some ice creams (especially higli-fat products) to be 
more palatable and have a more desirable body. Some sweetening agents 
such as 4 ‘ sweetose ” may contain substances that result in a better body in the 
ice cream ; others such as honey may add desirable flavoring constituents. 
In the selection of the nonsucrose sweetening agent, the manufacturer should 
he governed by cost as well as by the effect of the sugar upon the flavor 
and physical characteristics of the ice cream. J.H.E. 

338. Stepping up Sales Despite Price Competition. Anonymous. Ice 

(-ream Rev., 23: 3, 34. 1939. 

Eliminating all mention of price and avoiding controversial discussion, 
the Arctic Ice Cream Company, of Kansas City, Missouri, invaded the cut- 
price market and increased sales by following an advertising plan consisting 
of three elements: (1) the development of a trade mark in the form of a 
stylized polar bear cub, which was easily rtvognizable and which had un¬ 
usual attention value, (2) the constant repetition of one idea, associating 
Arctic ice cream with quality, and (3) the promotion of a merchandising 
idea which contained appetite and flavor appeal. Details of the campaign 
are described. J.ll.E. 

339. Merchandising Quick Frozen Foods. Charles Q. Sherman. Ice 

Cream Rev., 23: 4, 40. 1939. 

Reasons are cited why ice cream manufacturers should be interested in 
merchandising quick frozen foods. Principles of merchandising these foods 
are given. J.H.E. 

340. Pineapple Ice Cream. C. D. Dahle and D. V. Josephson, Pennsyl¬ 

vania State College, State College, Pa. Ice Cream Vield, 35: 4, 24, 
44, 45, 48, 49. April 1940. 

The results of experiments with pineapple as sources of flavor for ice 
cream are reported. It was found that best results were obtained when a 
mixture of unsweetened canned pineapple and 25 per cent sugar was used, 



A128 


ABSTRACTS OF LITERATURE ON MILK AND MILK PRODUCTS 


allowing this mixture to stand sufficient time for the sugar to penetrate the 
fruit before being added to the ice cream. This required 7 hours at room 
temperature or 12 to 14 hours at 34° F. 

It is reported that when ice cream is frozen in a continuous freezer using 
a fruit feeder, it is best to add the juice to the mix before freezing. Because 
of improved appearance a new cubed pineapple, especially developed for the 
ice cream industry, was superior to crushed or tidbit pineapple products. 
In the case of batch frozen ice cream, crushed pineapple proved as satisfac¬ 
tory as cubed pineapple. 

High copper contents in certain pineapple products contributed towards 
the development of oxidized flavor in ice cream. It is possible to obtain 
canned pineapple, however, low enough in copper so as not to cause this 
difficulty. 

The authors recommend using 15 to 20 per cent unsweetened or natural 
pineapple, properly sugared, for flavoring ice cream and give several recipes 
for batch and continuous freezers. W.O.C. 

341. Servicing Ice Cream Cabinets. W. E. Weaver, Borden Assd. Com¬ 

panies, Toronto, Canada. Kef rig. Eng., 39: 5, following 336. 

May 1940. 

This is a condensed treatment of ice cream cabinet servicing require¬ 
ments. Careful checking of units at intervals cuts down on failure when 
cabinets are handling seasonal peak loads. The installation of two com¬ 
pressors, one to handle the ice cream cabinet temperature, and the other the 
back bar, salad pan, sweet water cooling, etc., at 35° to 40° F. in combination 
outfits is recommended. The proper use of driers will materially lower 
service calls. Preventive service pays dividends. LAI.I). 

342. Sanitation at the Soda Fountain, J. L, K ice, Com. of Health, New 

York City. Ice (’ream Field, 35: 4, 19. April 1940. 

It is claimed that personal hygiene is one of the greatest problems in con¬ 
nection with public health law enforcement. The author states that all 
fountain employees should adhere to these rules. (1) All workers must be 
clean in person at all times, (2) all employees should wear clean uniforms 
and caps, (3) fingernails and hands should be washed at regular intervals,. 
(4) hair should be neatly combed and a cap worn at all times, (5) bands 
should be washed after using toilet, (6) periodic health examinations should 
be required. 

The author advocates advertising sanitation and cleanliness, claiming 
that fountain operators can profitably publicize their employee health rules 
in order to familiarize the consumers with the high standards maintained. 

w.c.c. 

343. Progress in the Ice Cream Industry. R. A. Rrodesser, Southern 

Dairies, Inc., Washington, D. C. Refrig. Eng., 39: 6, 377. June 

1940. 
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Refrigeration is the basic factor in the ice cream industry requiring the 
largest individual investment in machinery. The use of pre-coolers and 
headers together with booster compressors makes for flexibility in tempera¬ 
tures and efficiency of operation. Bin type direct expansion coil arrange¬ 
ment in hardening rooms is most satisfactory. 

Truck body refrigeration should not be expected to act as a hardening 
agent in addition to transportation protection. Truck temperature should 
not be allowed to rise above 10° F. This temperature maintenance may be 
obtained by a hold-over system, truck-operated compressor, or a C0 2 circu¬ 
lating system. 

The author points out the advantages of the sealed non-toxic gas com¬ 
pressor for ice cream cabinet use. It is predicted that in areas where the 
cost of C0 2 equals that of purchased power, electrically operated compres¬ 
sors will become obsolete. L.M.D. 


MILK 

344. The Use and Future of Two-Quart and Gallon Milk Bottles. Scott 

Faron, Glass Container Assn, of America. Milk Dealer, 29: 7, 
06-109. April 1940. 

The advantages of the two-quart container over the gallon container are 
discussed. The reaction of milk dealers to these containers is also given. 

C.J.B. 

345. The Milk Dealer’s Duty in Stabilizing His Industry. C. W. IIold- 

away, V. P. I. Dairy Dept, Blacksburg, Va. Milk Dealer, 29: 7, 
54-56. April 1940. 

The author points out that the relations between dealers and producers 
are as important as the relations between dealers and consumers in stabiliz¬ 
ing the milk industry. Several methods are suggested for building pro¬ 
ducer confidence and developing producer services. C.J.B. 

346. State Requirements on Sediment Testing of Milk and Cream. 

Anonymous. Milk Dealer, 29: 7, 42-44. April 1940. 

A tabulation showing the sediment testing requirements and the extent 
to which they are enforced in 45 states and the District of Columbia. 

C.J.B. 

347. What Do We Know about Consumption of Milk by Consumers. 

Edward Fisher Brown, Milk Research Council, New York City. 
Milk Dealer, 29: 7, 37, 72-76. April 1940. 

A report of a study to determine the milk-drinking habits of adolescents 
and adults. C.J.B. 

348. Processing and Sale of Homogenized Milk. Anonymous. Milk 

Dealer, 29: 7, 32. April 1940. 
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A survey by the Milk Dealer in which replies were received from 603 
dealers in 46 states and the District of Columbia showed that 216 of these 
dealers now produce and distribute homogenized milk, and 77 declared that 
they expect to homogenize milk for bottling purposes some time in the 
future. 

A homogenizing pressure of 2500 pounds to 2999 pounds was used by 
113 dealers, and 168 advised that they used a pressure between 2000 and 3000 
pounds. One reported a pressure under 500 pounds and 14, under 1000 
pounds. 

The report on clarification showed that 110 dealers do not clarify, 72 
clarify after homogenization and 28 clarify before homogenizing. 

The survey also showed that 98 dealers charged the same price as that 
for unhomogenized milk, 111 received a premium of one cent, and 6 received 
a premium of 2 cents a quart for homogenized milk. C.J.B. 

349. “Oxidase Reaction” of Bacteria in Relation to Dairy Products. 

C. H. Castell and E. H. Garrard, Ontario Agr. College, Guelph, 

Ont. Food Research, 5: 2, 215. March-April 1940. 

An oxidase test is described which is advocated as a means of detecting 
organisms which may be responsible for oxidative spoilage of dairy products. 
The oxidase activity of a number of different, common organisms is pre¬ 
sented and a discussion of the practical application of the oxidase test as a 
regular diagnostic procedure is included. The authors believe that interest 
in the non-living catalysts, which cause oxidation in dairy products, has 
eclipsed to too great a degree the study of microbial action in this connec¬ 
tion. F.J.I). 

350. More about Modernizing the Milk Bottle. Anonymous. The Pacific 

Dairy Review, 2i: 4, 16. 1940. 

One of the latest milk bottles is the two-quart size container which is 
less bulky to use, takes less space in the refrigerator, and is more in line 
with the family needs. It packs in cases which stand in one quart spaces 
and makes economical use of truck space. The gallon container may also 
be used, but the half-gallon is preferable in dairy plants. The two-quart 
bottle has increased the volume. 

The latest development is a new shaped one-quart bottle constructed of 
tough glass weighing only 17 ounces, instead of the present 22 ounces, and 
is designed to effect space economy in the ice box. P.A.D. 

351. Needle Pqncture Method for Determination of the Bacterial Con¬ 

tamination of Paraffined Milk Containers. C. S. Mudgb and 

D. C. Poord, Univ. of Calif, Davis, Calif. Amer. J. Pub. Health, 

SO: 273, 1940. 

Due to the high incidence of sterile paper milk containers, plating meth- 
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ods for determining bacterial contamination are difficult to control. The 
needle puncture method prevents outside contamination. Sterile broth is 
introduced through the wall of the container, the inoculation being made 
through a drop of alcohol. After allowing from 30 to 40 cc. of media to 
flow into the container, the needle is withdrawn, and the hole is sealed with 
hot, sterile paraffin. The container is incubated for 48 hours at 37° C., 
after which it is opened and an observation made as to the presence .or 
absence of growth, M.W.Y. 

352. Recent Investigations of Goat’s Milk. A. K. Besley, Beltsville, 

Maryland. Amer. J, Pub. Health, 30: 182. 1940. 

Milk from the Toggenburg and Saanen breeds of goats was found to be 
a healthful, nutritious food, not unlike the milk from the Holstein breed 
of cows in general composition and nutritive value. The goat’s milk studied 
had a curd 31 per cent softer than that of the milk from Holstein cows and a 
small-sized fat globule of one-half the volume. Data are presented to show 
that it should not be difficult for goat milk producers to meet the usual 
requirements of public health officials for the production of milk. 

M.W.Y. 

353. Accuracy of Plate Counts Made from Milk Products as Affected by 

the Temperature of Incubation. Carl S. Pederson and Robert 

S. Breed, N. Y. Agr. Exp. Sta., Geneva, N. Y. Amer. J. Pub. 

Health, 30: 162. 1940. 

Studies on the temperature of incubation and the various types of incu¬ 
bators are discussed. A variation of dt 1° C. in incubating temperature at 
32° C. causes on an average only a 4 per cent variation in count, while a 
variation of dt 1° C. at 37° C. causes an average error of more than 25 per 
cent. Many of the present unsatisfactory types of incubators would be 
satisfactory for milk control laboratories if the present 37° C. temperature 
were changed to 32° C. Counts obtained at 32° C. are a more constant 
percentage of the total maximum counts obtainable than are counts at 37° C. 

M.W.Y. 

354. Resazurin and Methylene Blue as Indicators of the Hygienic 

Quality of Raw Milk. S. B. Thomas, B. F. Thomas, and J. 

Davies. Proc. Soc. Agr. Baet., Abstracts, p. 31, 1939, Abery¬ 
stwyth, England. 

The reduction of resazurin to purple-pink takes about half the time 
required for complete reduction of methylene blue. Mastitis samples are 
detected more frequently by resazurin. L.J.Meanwell 

355. Pasteurized Milk. I. Preliminary Results of a Survey of Plants in 

the Midlands. A. L. Proven and A. Rowlands. Proc. Soc. Agr. 

Bact., Abstracts, p. 15,1939, Aberystwyth, England. 
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Unsatisfactory pasteurization was found to be due to: (a) inaccurate 
thermograph readings, (b) hand control of steam valves, (c) common pipe 
lines for raw and pasteurized milk, (d) deliberate under pasteurization. 

L.J.Mean well 

356. Pasteurized Milk, II. Raw Milk as a Source of Thermoduric Or¬ 

ganisms. A. L. Proven and A. Rowlands. Proc. Soc. Agr. Bact., 
Abstracts, p. 19, 1939, Aberystwyth, England. 

High pasteurized counts were traced to unsatisfactory raw supplies due 
to neglect in cleaning and sterilization of farm utensils. 

L.J.Meanwell 

357. Pasteurized Milk. III. The Relationship Between the Colony 

Count and Various Temperatures and Keeping Quality. A. L. 

Proven and A. Rowlands. Proc. Soc. Agr. Bact., Abstracts, p. 23, 
1939, Aberystwyth, England. 

No indication of the keeping quality of pasteurized milk was obtained 
from colony count. L.J.Meanwell 

358. Present Developments in the Phosphatase Test. F. K. Neave. 

Proc. Soc. Agr. Bact., Abstracts, p. 29, 1939, Aberystwyth, Eng¬ 
land. 

A one hour rapid test lias been evolved that is as sensitive as the 24 hour 
test. L.J.Meanwell 

359. The Pasteurization of Skim Milk and Whey by Direct Steam In¬ 

jection. A. T. R. Mattick, and W. A. How. Proc. Soc. Agr. 
Bact., Abstracts, p. 27,1939, Aberystwyth, England. 

Steam is injected after the milk leaves the regenerative section of the 
heat exchanger. Treatment for 3 seconds at 170° F. resulted in the destruc¬ 
tion of B. Coli and M. tuberculosis. L.J.Meanwell 

360. Observations on Resazurin and Methylene Blue Tests. J. Q. 

Davis and C. C. Thiel. Proc, Soc. Agr. Bact., Abstracts, p. 35, 
1939, Aberystwyth, England. 

Resazurin tests with readings at l and 2 hours without inversion give 
information of great practical value. L.J.Meanwell 

361. Trials with Insulating Material for Use with Milk Samples During 

Transit, H. Barkworth. Proc. Soc. Agr. Bact., Abstracts, p. 
37, 1939, 1 Aberystwyth, England. 

Expanded rubber containers were found to give the most satisfactory 
protection against an early rise in temperature of milk samples. 

L.J.Meanwell 
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362. Selling Extra and Premium Products on Retail Routes. Harold S. 

Wakefield, Adohr Milk Farms, Los Angeles, Calif. The Assn. 
Bull., Int. Assn. Milk Dealers, 32nd year: 317-322. Feb. 1940. 
The importance—even necessity—of a considerable portion of route 
business in the form of premium and extra products, if the route is to be 
profitable, is emphasized. The author states that over half the sales of the 
company he represents is in the form of these products. E.F.G. 

363. Building Fresh Milk Volume through Cooperative Promotions. 

C. F. DeYiSENkotit, The Milk Foundation, Chicago, Ill. The Assn. 
Bull., lilt. Assn. Milk Dealers, 32nd year: 322-327. Feb. 1940. 
The lines along which the Pure Milk Association of the Chicago area and 
the Milk Dealers Bottle Exchange cooperated in promoting the use of milk 
are explained. The slogans and other material used in the approach to 
adults are given. The program was directed toward teachers, civic groups 
and the home. E.F.G. 

364. Increasing Sales through Industry Advertising. John Marshall, 

Jr., Milk Dealers Assn., San Francisco, Calif. The Assn. Bull., 
Int. Assn. Milk Dealers, 32ml year: 327-332. Feb. 1940. 
Following a decrease in the per capita consumption of milk in the Los 
Angeles area, a survey showed that 60 per cent, of the adults of the city did 
not drink milk. Cooperative industry advertising representing 80 per cent 
of the milk sold resulted in definite improvement in the situation. 

E.F.G. 

365. Relation of Bacteria and of Oxygen to the Flavor of Milk Sus¬ 

ceptible to Becoming Oxidized. J. G. Leeder and E. O. Herried. 
Vt. Agr. Exp, Sta, Bull. 457. 1940. 

Cows known to produce milk susceptible to becoming oxidized within a 
short period were machine milked and, without releasing the vacuum in the 
pail, samples were immediately drawn by vacuum into flasks. Portions 
were stored under partial vacuum and under atmospheric conditions. The 
milks were judged for flavor. 

Evacuation and holding milks under reduced pressure of 24-25 inches 
of mercury usually inhibited the occurrence of oxidized flavors during stor¬ 
age periods of 48 hours at 40° F. The growth of bacteria, normally present 
or added, decreased the oxygen content of the milks and, in most cases, 
lessened the intensity of the oxidized flavor. J.M.F. 

366. The Dissolved Gases in Milk and Dye Reduction.* J. M. Frayer. 

Vt. Agr. Exp. Sta. Bull. 461. 1940. 

A quantitative study was made of the dissolved gases in milk as they 
might be affected by sunlight, metabolic activity, evacuation and processing. 
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Evidence is submitted that: milk is not oxygen free as it exists in the udder; 
bacterial increases are accompanied by oxygen exhaustion and reduction 
time decreases; the point at which methylene blue fading is first noted coin¬ 
cides closely with reduction of resazurin to a full pink and occurs at an 
oxygen level usually less than 0.045 percentage volume which is reached a 
variable length of time before reduction; a sharp upturn in carbon dioxide 
content and a definite increase in residual gas content occurs during this 
period; in milk subjected to sunlight, oxygen is rapidly dissipated, the 
presence of dye increases initial speed, bacterial growth is inhibited, reduc¬ 
tion times are not decreased when oxygen is first depleted and dye in milk 
can be reduced without evidence of metabolic activity; and that greatly 
decreased reduction times may be attributable to depletion of all gases by 
evacuation but augmentation of oxygen content does not of necessity mate¬ 
rially lengthen them. 

The quantitative nature of gaseous rearrangements incidental to the 
pasteurization, cooling, and handling of milk were studied. 

Reduction of either dye may occur in tw T o steps: (1) Oxygen exhaustion 
to a minimum level; and, (2) Mobilization and transference of hydrogen 
to the dye molecule. Author's abstract 

367. Refrigeration in Milk Plants. Application Data 13. E. H. Paul¬ 

sen, Fairfield Western Maryland Dairy, Baltimore, Md. Refrig. 

Eng., 39: 5, 293. May 1940. 

Applications of modern refrigeration practices in connection with coun¬ 
try handling of milk and the cooling and storage of milk in city plants are 
described. Some discussion is devoted to by-product refrigeration demands. 
Items to be considered in milk plant design to achieve the most efficient 
usage of mechanical refrigeration equipment are stressed. L.M.D. 

PHYSIOLOGY 

368. Activity of Progesterone in Spayed Females not Pretreated with 

Estrin. Hans Selye, McGill Univ. Proc. Soc. Exp. Biol, and 

Med., 43: 343. 1940. 

Experiments showed that the daily administration of 15 mg. of pro¬ 
gesterone to spayed rats produced progestational changes in the endo-‘ 
metrium, vaginal mucification, and mammary gland development similar to 
that seen in late pregnancy. It was concluded that progesterone can exert 
all its characteristic actions in spayed rats without sensitization by estrogens. 

R.P.R. 

* 

369. Studies on the Bovine Electrocardiogram. I, Electrocardiographic 

Changes in Calves on Low Potassium Rations. J. P. Sykes and 

B. V. Alfredson, Michigan State College. Proe. Soc. Exp. Biol. 

and Med., 43 : 575. 1940. 
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Four calves were placed on a semipurified ration which analyzed 0.10- 
0.12 per cent potassium. Four control calves received the same ration 
except that potassium was added to bring the level to 0.35 per cent. Calves 
were placed on this ration at 160 days of age. Electrocardiograms were 
usually taken at monthly intervals, serum potassium determinations were 
made on all calves at 2-week intervals, and plasma calcium, phosphorus, 
and magnesium determinations were carried out at weekly intervals. .The 
lowest serum potassium level of 4 experimental animals was (in mg. per 
cent) 10.2, 11.3, 10.7, and 13.8. The serum potassium values for the 4 con¬ 
trol calves averaged respectively (in mg. per cent) 21.4, 20.4, 20.5, and 
21.6. The calcium, phosphorus, and magnesium plasma values remained 
within normal limits in both groups. Three of 4 experimental animals 
showed pronounced changes in the electrocardiogram, the outstanding 
change consisted in a pronounced increase in the duration of the QRS. 

R.P.R. 

370. Studies on Bovine Electrocardiogram. II. Bundle Branch Block. 

B. V. Alfredson and J. F. Sykes, Michigan State College. Proc. 

Soc. Exp. Biol, and Med., 43: 580. 1940. 

Branches of the His-bundle were sectioned in a group of calves and dogs. 
Electrocardiograms were obtained before and after section. In 6 instances 
the presence of complete bundle branch block was proved by the onset of 
complete A-V block and bundle branch block was successfully produced in 
14 calves, and in 10 dogs. Changes in the duration and form of QRS after 
section of the branches of the Ilis-bundle were much less pronounced in 
calves than in dogs. The difference was attributed to differences in the 
distribution of the intraventricular conducting system. R.P.R. 

371. A Comparison of Methods of Assay of the Lactogenic Hormone. 

A. G. Bergman, J. Meites and C. W. Turner, TJniv. of Missouri. 

Endocrinology, 26: 716. 1940. 

Three methods of assay of the lactogenic hormone, of increasing sensi¬ 
tivity, depending upon the proliferation of the crop gland of the common 
pigeon were compared. Using the MeShan-Turner pigeon unit as a stand¬ 
ard, it was shown that, the Reece-Turner method required only 4.5 per cent 
as much hormone and the minimum micro-unit only 0.56 per cent as much 
hormone to produce a unit response. In comparison with the pigeon meth¬ 
ods, 272 MeShan-Turner units were needed to induce copious lactation in 
pseudo-pregnant rabbits. Evidence was presented which indicates that the 
AP factor which stimulates pigeon crop gland proliferation is identical with 
the factor which initiates lactation in mammals. R.P.R. 

372. The Relation of the Anterior Pituitary to Bile Production, O. B. 

Houchin and C. W. Turner, Univ. of Missouri. Endocrinology, 
26 : 821. 1940. 
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The average hourly secretion of bile by 7 female guinea pigs weighing 
between 280 and 370 gm., taken at a definite time of the day under avertin 
and ether anesthesia, was found to be 2.94 ec. with a range of 2.5 to 3.2 cc. 
Following the injection of 25 mg. of an initial extract of the anterior 
pituitary, there was a rise in bile secretion extending from 4 to 8 hours. 
The average hourly production of bile from 13 injected animals was 5.45 cc., 
an increase of about 85 per cent. R.P.R. 

373. Growth of Vitamin Deficient Rats Treated with Thymocrescin. 

Albert Segaloff and Warren 0. Nelson, Wayne Univ. En¬ 
docrinology, 26 : 860. 1940. 

A purified aqueous extract, thymocrescin, was prepared from calves’ 
thymus glands. The preparation agreed closely with published chemical 
analyses. No growth-promoting or gonadotropic effect could be demon¬ 
strated upon 18 rats on a thiamin-deficient diet or upon 8 rats on a horse- 
meat diet. Attempts to immunize 8 young guinea pigs to thymocrescin 
were unsuccessful. R.P.R. 

374. The Effect of Adrenalectomy on the Ketosis Produced in Rats by 

Anterior Pituitary Extract. Reginald A. Shipley, Western 
Reserve Univ. and Lakeside Hospital. Endocrinology, 26 : 900. 
1940. 

Adrenalectomy did not prevent the ketonemia which ivas induced by an 
anterior pituitary extract in fasted rats; however, the response was reduced. 
There were fewer adrenalectomized animals than normal animals which 
manifested a rise in blood acetone bodies sufficient to exceed the renal 
threshold. Hence there w^re fewer in the operated series which showed 
ketonuria. No evidence was found for the existence of an elevated renal 
threshold for acetone bodies after adrenalectomy. R.P.R. 

375. Symposium on Carbohydrate Metabolism. C. F. Cori, Samuel 

Soskin, C. N. H. Long and F. G. Young. Endocrinology, 26 : 
285. 1940. 

An excellent review on carbohydrate metabolism. It consists of the 
following papers: 

1. Glycogen Breakdown and Synthesis in Animal Tissues. Carl F. 
Cori, Dept, of Pharmacology, Washington University. 

2. The Liver and Carbohydrate Metabolism. Samuel Soskin, Depts. of 
Metabolism and Endocrinology, Michael Reese Hospital, and Physiology, 
University of Chicago. 

3. The Adrenal Cortex and Carbohydrate Metabolism. C. N. H. Long, 
B. Katzin and Edith G. Fry, Laboratory of Physiological Chemistry, Yale 
University. 

4. The Pituitary Gland and Carbohydrate Metabolism. F. G. Young, 

National Institute for Medical Research. R.P.R. 
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376. Requirements of Good Water Supplies for the Dairy Industries. K. 

G. Weckel, Dept, of Dairy Industry, Univ. of Wisconsin, Madison, 
Wis. Milk Dealer, 29: 7, 40-41, 66-70. April 1940. 

Water supplies used in dairy plants are discussed from the following 
standpoints: (1) bacteriologically acceptable, (2) freedom from particles, 
sediment, suspensions, and oil film, (3) inert chemical properties, (4) avail¬ 
ability in volume, (5) low temperature, (6) uniformity in composition, (7) 
acceptable mode of transmission. C.J.B. 

377. Whey Solids in Candy. B. H. Webb and C. F. Hufnagel, Bureau 

of Dairy Industry, U.S.D.A., Washington, D. C. Food Research, 
5: 2,185. March-April 1940. 

Sweetened condensed, Cheddar-eheese or Swiss-cheese whey was, in gen¬ 
eral, the most satisfactory of the cheese wheys for candy use. Plain con¬ 
densed wheys were also suitable, but their perishable nature was a serious 
handicap in commercial use. Excellent candy containing up to 40 per cent 
of whey solids could be made, the whey replacing in part, sugar, skimmilk 
and corn syrup. Directions for the manufacture of various types of whey 
candy, including formulae are presented. F.J.D. 

378. Casein Plastics. George H. Brother, Urbana, Ill. Ind. Eng. Chem., 

32: 1, 31. 1940. 

A short review of the past and present status of the casein plastics indus¬ 
try is presented. Casein plastic is a result of a reaction between casein 
and formaldehyde. Various modifications and improvements in the manu¬ 
facture of casein plastics have been made since the commercial possibilities 
of the product were first recognized in 1897. The industry has been seriously 
handicapped by a lack of fundamental information on the structure and 
properties of proteins. B.H.W. 

379. Maintenance and Depreciation. O. T. Baker, Atlanta, Ga. Ice 

Cream Rev., 23: 3, 84. 1939. 

To keep property and machinery in good physical condition requires 
vigilance and good judgment. Improper erection and insufficient or im¬ 
proper foundations influence the life of machinery. J.H.E. 

380. Production, Processing, and Storing of Fast Frozen Foods. C. J. 

Meister, Fairmont Packing Co., Fairmont, Minn. »Ice Cream Rev., 
23: 3, 34. 1939. 

The handling of vegetables for fast freezing is discussed. Enzymatic 
action taking place during storage in the frozen state is said to be detri¬ 
mental. Proper blanching of vegetables destroys the enzymes. The desir- 
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able temperature of storage is zero °F. and the temperature should be con¬ 
stant. When the temperature goes up, unless the package is hermetically 
sealed, the air will go out, taking some moisture with it. When the tempera¬ 
ture is lowered, the air will pass back into the package. The package 
virtually “breathes” if the temperature is not kept constant. J.H.E, 

381. Excessive Plant Operating Costs—The Penalty of Ignorance and 

Neglect. C. T. Baker, Atlanta, Ga. Ice Cream Rev., 23: 4, 21. 

1939. 

The reason for refrigeration operating troubles in two plants are de¬ 
scribed. Inadequate condensing water and infrequent defrosting of evapo¬ 
rating coils were principal sources of loss of capacity. J.H.E. 

382. Successful Farm Refrigerator Fills Many Uses. Fred Erbach,. 

Chicago, Ill. Refrig. Eng., 39: 6, 361. June 1940, 

A combination refrigerator, one to not only cool and hold milk, freeze a 
slab of ice, and store frozen foods, but also preserves fresh fruits and 
vegetables is advocated. It is stated that there is a total market for about 
1,200,000 electric units of this sort and 3,000,000 gas driven units. The 
author suggests essential operating features of such cabinets and presents 
design features. L.M.D. 
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383. Effect of Salt on the Keeping Quality of Cream. W. J. Caulfield, 

F. E. Nelson and W. H. Martin, Kansas Agricultural Experiment 
Station. 

Four lots of 30 per cent cream to each of which salt in quantities equal 
to 0, 7,10, 13 and 16 per cent of the weight of the fat-free serum was added 
immediately after separation, were held at 60, 70, 82 and 90° F. for 10-day 
periods. Change's in acidity, formol titration and grade were followed. 
Changes in the bacterial flora of two of the four lots were followed by direct 
microscopic observations. 

Deterioration of the creams was definitely retarded by the addition of 
salt. The amount of salt necessary to effectively prevent appreciable deter¬ 
ioration was found to be dependent upon time and temperature of storage. 
The results indicate that not less than 10 per cent salt (serum basis) is 
required to prevent cream from becoming second grade when held for 10 days 
at 60 or 70° F. and for 5 days at 82 and 90° F. 

The addition of 13 per cent salt (serum basis) to cream held at 70° F. 
for 3 or more days before salt was added did not prevent further deteriora¬ 
tion of the cream. Thus the method is largely limited to farm use. 

Butter churned from cream to which 13 per cent salt (serum basis) was 
added at the beginning of a 10-dav storage period at 70° F. scored two to 
five points higher than did butter produced from control lots of the same 
cream held under similar conditions without salt. 

When a modified Babcock test procedure was used, results which com¬ 
pared favorably with the calculated butterfat percentages were obtained. 

The data indicate that the improvement of the keeping quality of cream 
by the addition of salt has definite merit. 

384. The Effect of Alfalfa Lipids upon the Progress of Sweet Clover 

Poisoning in Cattle. W. A. King, H. A. Campbell, I. W. Rupel, 
P. Ii. Phillips and G. Boustedt, Departments of Biochemistry and 
Dairy Husbandry, University of Wisconsin, Madison. 

A study of the effect of alfalfa lipids upon the progress of sweet clover 
poisoning in cattle has been made and the following results obtained. 

Ten per cent of the ration of growing cattle was made i\p of toxic sweet 
clover and fed without harm for a period of 3^ months. 

Animals with a prolonged clotting time developed an increased number 
of blood platelets. There was no change in the fibrin, hemoglobin, or serum 
calcium in these cases. 


a m 
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Crude petroleum ether extracts of alfalfa hay fed at a level equivalent 
to 60 per cent of the toxic sweet clover in the ration brought about a favorable 
remedial response in sweet clover poisoned young cattle. Evidence adduced 
from the separate effects upon whole blood clotting time and prothrombin 
clotting time, the administration of bile salts alone and with alfalfa lipids, 
and the difference in rate of return to normal between the prothrombin 
and blood clotting times when the toxic hay was withdrawn from the 
ration indicates that one or more factors other than prothrombin were in¬ 
volved in the restoration of the normal blood clotting mechanism of the 
sweet clover poisoned bovine. 

385. The Effect of Added Egg Phospholipids on the Nutritive Value of 

Certain Vegetable Oils. E. J. Sciiantz, R. K. Boutwell, C. A. 
Elveiljem and E. B. Hart, Department of Biochemistry, College of 
Agriculture, University of Wisconsin, Madison. 

It was recently reported from this laboratory 1 that butter fat has a 
higher nutritive value for growth in weanling rats than certain vegetable 
oils when homogenized into mineralized skimmed milk and supplemented 
with all the known essential fat soluble vitamins. The difference in the 
nutritive value was not found to be due to factors contained in the non- 
saponifiable fraction of butter fat. 1 However, since the phospholipids are 
decomposed upon saponification it appeared possible that the difference in the 
nutritive value of butter fat and the vegetable oils fed might be due to some 
particular phospholipid contained in the butter fat wdiieh was not contained 
in the vegetable oils. 

Addition of 0.25 per cent and 0.5 per cent of egg lecithin to corn oil or 
coconut oil improved the nutritive value of these oils slightly but not enough 
to make them equal to butter fat when they were homogenized into mineral¬ 
ized skimmed milk at a level of 4 per cent and fed to w T eanling rats. 

Sphingomyelin sphingosine sulfate, and ethanolamine had no effect on 
the nutritive value of corn oil, but choline, in the case of the females, seemed 
to improve it slightly. 

386. The Nutritive Value of the Fatty Acid Fractions of Butter Fat. 

E. J. Schantz, R. IC. Boutwell, C. A. Elvehjkm and E. B. Hart, 
Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison. 

In a previous paper 1 it was reported that butter fat homogenized into 
mineralized skim milk gave better growth of weanling rats than certain 

1 Schantz, E. J., Elvehjem, C. A., and Hart, E. B. The comparative nutritive value 
of butter fat and certain vegetable oils. J. Dairy Science 23, 181, 1940. 
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vegetable oils homogenized into skim milk and fed under the same condi¬ 
tions with ample carotene, irradiation, a-tocopherol and minerals added in 
all eases. The superiority of butter fat for growth was not found to be due 
to factors contained in the non-saponifiable fraction of butter or to be due 
to compounds such as lecithin, choline, sphingomyelin, or sphingosine. 

The fatty acids responsible for the superior growth of young rats ob¬ 
tained on butter fat as compared with certain vegetable oils homogenized 
into skim milk with all of the known essential fat soluble vitamins added, 
apparently lie in the saturated fraction of butter fat. 

When the fatty acids of butter fat were separated into the volatile acids 
by steam distillation and into the unsaturated and saturated acids as lead 
soaps and the triglycerides of these fractions fed in (torn oil in approximately 
the composition found in butter the saturated fraction with corn oil was 
found to be a little superior to butter fat while the other two fractions com¬ 
pared favorably with corn oil. 

387, The Length of the Intestine of Calves and Its Bearing on the Ab¬ 

sorption of the Nutrients from the Chyme. Dwight Espe ani> 
C. Y. Cannon, Iowa State College, Ames, Iowa., 

Data are presented indicating that the small intestine of the living calf 
is about seven times the body length, or about one-third the post-mortem 
length. The large intestine does not show as great a difference in length 
between the Jiving and post-mortem stages as does the small intestine. 

Variations in the ratio between body length and length of intestine 
depend more on individuality than upon the age of the calf. 

388. The Specificity of the Lactogenic Hormone in the Initiation of 

Lactation. A. J. Bergman and C. W. Turner, Dept. Dairy 
Husbandry, Univ. of Missouri, Columbia, Missouri. 

A study is reported with the “lactogenic hormone” and the “thyreotropic 
and other hormone” fractions of the anterior pituitary on lactogenesis in the 
pseudo-pregnant rabbit. The injection of small amounts of the “lacto¬ 
genic hormone” fraction was necessary to produce abundant lactation, 
(4-h ) to (-h-h ) glands. Extracts rich in the “thyreotropic and other 
hormones,” but containing only traces of the lactogenic hormone did not 
possess the ability to initiate lactation in doses as high as could be tolerated. 
These results are taken to indicate that the primary function of the lactogenic 
hormone, which also possesses the ability to proliferate •the pigeon crop 
gland, is to initiate and maintain established lactation, while the “thyreo¬ 
tropic and other hormones” fraction has only a supplementary effect on 
established lactation. 
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389. Distribution of Pseudomonas fragi . H. B. Morrison and B. W. 

Hammer, Iowa State College, Ames, Iowa. 

Pseudomonas fragi was found in 16.5 per cent of 176 lots of milk delivered 
by 14 producers to an Iowa milk plant. It was not detected in 17 lots 
delivered in June to a Kentucky milk plant but was found in 40.0 per cent 
of 40 deliveries in December to the same plant. Samples of defective dairy 
products, especially those criticized as rancid or as having a May apple 
odor, commonly yielded the organism. 

In general, dairy plant equipment was relatively free of the organism. 
An appreciable percentage (9.7 per cent) of the Iowa dairy plant water 
supplies yielded the organism. In Iowa a large proportion (51.8 per cent) 
of samples of dirt and other materials or equipment likely to come in contact 
with or be contaminated by dirt was found to harbor Ps. fragi In Kentucky 
relatively few (4.1 per cent) similar samples obtained in summer yielded 
it, but it was found in a considerable proportion (37.4 per cent) of the 
samples obtained in December. 

Ps. fragi was found in 25 (71.4 per cent) of 35 samples of barnyard soil 
obtained from various states. It was present in a larger percentage of sam¬ 
ples from the eastern states (90.9 per cent) than from the western states 
(38.5 per cent). 

The wide distribution of Ps. fragi on farms emphasizes the importance 
of farms as a source of the organism. 

390. A Study of Fresh and Frozen Plain, Superheated and Sweetened 

Condensed Skimmilk for Ice Cream. L. K. Crowe and Harry 
H. Winn, Dairy Husbandry Department, University of Nebraska, 
Lincoln, Nebr. 

Plain, superheated and sweetened condensed skimmilk made from the 
same lot of skimmilk w r as used fresh and after one, two, and three months 
storage at 0° F. as the source of added serum solids in ice cream. The three 
types of condensed skimmilk were satisfactory sources of serum solids when 
fresh and after storage. No benefits were derived from superheating con¬ 
densed skimmilk that was stored frozen. The protein in superheated con¬ 
densed showed precipitation after one month at 0° F. Storage of any of the 
three types of condensed skimmilk had no consistent appreciable effect upon 
the protein stability of the ice cream mix in which they were used. 

Viscosity of the ice cream mixes was not consistently affected by the 
freezing and storing of the condensed skimmilk. The viscosity of the ice 
cream mixes ma<Je with superheated condensed skimmilk was but slightly 
higher than that of ice cream mixes made with the other two types of con¬ 
densed skimmilk. 

Average whipping curves indicate that ice cream mixes made with fresh 
plain condensed skimmilk whipped to 100 per cent overrun faster than ice 
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cream mixes made with fresh condensed skimmilk of the other two types. 
The time required to reach 100 per cent overrun for ice cream mixes made 
with the three types of condensed skimmilk stored frozen two and three 
months was less than the time required for mixes made with fresh condensed 
skimmilk. 

There was no appreciable difference in the flavor, body or texture scores 
which could be attributed to the type of condensed skimmilk used or whether 
it was the fresh or frozen product. 

lee cream made with fresh superheated condensed skimmilk was slower in 
melting than ice cream made with either of the other two types of condensed. 
Ice cream made with superheated condensed skimmilk gave the least foam on 
melting. Freezing and storing plain and superheated condensed skimmilk 
increased the amount of foam in the melted ice cream whereas the opposite 
was true for sweetened condensed skimmilk. Ice cream made with stored 
frozen superheated condensed skimmilk was frequently criticized for a slight 
curdy appearance on melting. 

391. A Semimiero-Kjeldahl Method for the Determination of Total Ni¬ 
trogen in Milk. 8 . 0 . Menefek and O. It. Overman, Univ. of 
Illinois, Urbana, Ill. 

liecent research work in this laboratory pertaining to the nitrogen dis¬ 
tribution in dairy products made it desirable to develop a practical method 
for determining small amounts of nitrogen. 

The purpose of this experiment was: (1) to design a semimiero-Kjeldahl 
apparatus, (2) to compare the efficiency of several digestion catalysts and 
(3) to compare both 0.02 N sulphuric acid and boric acid solutions as the 
ammonia receiving agents. 

Copper sulphate and selenium oxychloride, mercuric oxide and selenium 
oxychloride, and mercuric oxide alone were used as the digestion catalysts. 
These three catalysts gave comparable results when used to analyze milk for 
total nitrogen. Mercuric oxide is preferred as a catalyst because the lit¬ 
erature for the most part, indicates that selenium and its combinations cause 
low T results for nitrogen. 

A 2 per cent boric acid solution is preferred as the ammonia receiving 
agent with a methyl red-methylene blue combination as tlic indicator. The 
boric acid solution eliminates the use of 0.02 N sodium hydroxide solution 
(for back titrating the standard acid) which is very sensitive to carbon 
dioxide and requires frequent restandardization. 

The semimiero-Kjeldahl method is well adapted to routine analysis, it 
saves time, and reduces the cost of reagents per determination. 

The results obtained with the semimiero-Kjeldahl check very closely with 
those obtained by the Official Method. 
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BOOK REVIEWS 

392. Pood Industries Manual; 10th Edition. Published by Leonard Hill 

Limited, London. Distributed in U. S. by Chemical Publishing 

Co., Inc., New York. 400 pages, price $4.00. 

This is a technical and commercial compendium of the manufacture, pre¬ 
serving, packing and storage of various food products. The volume aims 
at collecting information which has become established and standardized in 
the various food industries. It succeeds best in doing this in the case of 
milling, baking, sugar confectionery, chocolate, and canning. The section 
devoted to the dairy industry is limited and chiefly contains formulae for 
various common dairy calculations, some test procedures and a few tables 
on the composition of dairy products. The volume contains an extensive 
list of books likely to interest those engaged in the food process industries, 
but it has not been brought up to date. The subject matter is so broad that 
it has been necessary to condense greatly most of the subjects dealt with. 

J.H.E. 

393. Dairy profit. Wilbur J, Fraser, Interstate Printers and Publishers, 

Danville, Ill. 270 pages, Illustrated. Price $1.80. 1940. 

4 'Dairy Profit’’ is a valuable contribution to dairy literature. 

Although much of the material has appeared previously in periodicals, it 
is here grouped and classified and Professor Fraser has added much of his 
own philosophy about agriculture and especially dairying and dairy people. 

The author emphasizes the need for planning farm and dairy operations 
on a long time basis. 

The subject matter of the book deals with the problems of feeding and 
management and crop production necessary to successful dairy farm 
operation. 

Professor Fraser discusses the principles of feeding and management in 
simple straight forward terms and in most instances illustrates the effect 
of good management by a story of some good farmer. Throughout the book 
he stresses the need of proportionality and shows how disastrous it is to do 
part of the job well in all particulars save one and then miss the goal of 
success. 

The word "profit” in the title is used in its broadest sense for the 
author in the last chapters of the book shows the need of planned recreation. 
He discourages the unnecessary drudgery which may be needed to merely 
accumulate large holdings of land and money. This idea is indicated by the 
title of one of thre chapters, "What Shall it Profit a Man.” 

This book should be of special interest to farmers and teachers; to farm¬ 
ers* it gives suggestions and encouragement; to the teachers it will give a 
wealth of illustrations to vitalize subject matter. C.L.Blackman 
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394. The Action of Chemical Disinfectants on Bacteriophages for the 

Lactic Streptococci. G. J. E. Hunter and H. R. Whitehead. 

The Dairy Research Institute, Palmerston North, New Zealand. 

J. Dairy Res., 11: 62-66. 1940. 

The times needed for the complete inactivation of bacteriophages for the 
lactic streptococci by hypochlorite, potassium permanganate, hydrogen 
peroxide, formaldehyde, mercuric chloride, alcohol, and phenol in various 
strengths determined. The phage preparations consisted essentially of 
whey. Inactivation was determined by failure of the phage chemical mix¬ 
ture to prevent the coagulation of milk inoculated with the susceptible 
organism. 

When all the phage preparations were adjusted to a common protein 
percentage of 0.49 per cent, it was found that all of the eight phage races 
studied were destroyed by exposure to 0.05 per cent active chlorine within 
1 minute. Active chlorine and permanganate were by far the most effective 
of the disinfectants. 

Hydrogen and hydroxyl ions were found to inactivate phage when 
they were present in sufficient concentrations, blit their effects between 
pH values of 4 and 7 were negligible. S.T.C. 

395. The Influence of Various Factors on the Fermentation End- 

Products of the Heterofermentative Streptococci. C. C. Thiel, 

The Nat’l lust, for Res. in Dairying, Univ. of Reading, Reading, 

England. J. Dairy Res., 11: 51-61. 1940. 

The influence of temperature, pH, oxygen tension and yeast autolysate 
on the production of by-products and the ratios of the by-products formed 
to the sugar utilized and lactic acid produced in milk by the heterofermenta¬ 
tive lactic acid streptococci were investigated. 

The total production of lactic acid was increased by anaerobic conditions 
and low temperature. The ratio of lactic acid formed to sugar utilized was 
increased by anaerobic conditions and the presence of chalk. 

The total amount of acetic acid was higher in the presence of chalk 
at the lower temperatures and in yeast milk, but was decreased by anaerobic 
conditions. The ratio of acetic acid both to sugar utilized and to lactic acid 
formed was smaller at lower temperatures, in the presence of “growth fac¬ 
tors 0 and chalk and under anaerobic conditions. 

The total alcohol production was high when yeast or chfilk was added to 
milk, under anaerobic conditions and at lower temperatures, and similarly 
the ratio of alcohol formed to sugar utilized and lactic acid produced was 
increased. 
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Hydrolysis of the residual lactose occurred in all cultures of Str . eitro- 
vorus and with some of the other streptococci in cultures to which chalk had 
been added. S.T.C. 

396. Studies on the Methylene-Blue Reduction Test II. Comparison 
between the Old and the Modified Methods. T. Matuszewski 
and J. Supinska, Institute of Fermentative Industry and Agricul¬ 
tural Bacteriology, Warsaw, Poland. J. Dairy Res., 11: 43-50. 
1940. 

The old and modified (inversion of tubes at 30 minute intervals) methods 
of the methylene blue reduction test were compared using 185 samples of raw 
milk. The deviations in the reduction time, corresponding to a given 
initial number of cells, are smaller by the modified than by the old method, 
and the average reduction time is shorter. It is suggested that this is due 
to a more uniform distribution of the bacteria in the milk following the 
inversion of the tube. 

The average coefficient of multiplication in the old method was 0.660 and 
in the modified method 0.885, showing that the shortening of the reduction 
time in the modified method is due to stimulation of bacterial growth. 

S.T.C. 


397. Haemolytic Organism Isolated from Pasteurized Cream. L. ()’- 

Droma, Dept, of Dairy Bacteriology, University College, Cork, 

Ireland. J. Dairy Res., 11 ; 37-42. 1940. 

A description is given of a weakly haemolytic organism, which first ap¬ 
peared as a contaminant, in the form of pin point colonies, in agar plates 
inoculated with dilutions of a cream which had been subjected to partial 
processing in a butter churn. The majority of its characteristics showed it 
to be a resistant strain of Str. thermophilis, although it resembled in many 
respects certain strains of Str. Bovis. S.T.C. 

BREEDING 

398. Rindviehzucht in Schweden. Ivar Johansson. Ziichtungskunde 

15 (4): 97-104. 6 figs. 1940. 

Three breeds of cattle are bred pure in Sweden. The Black and White 
which is similar to the Holstein-Friesian is most abundant in southern 
Sweden. The Red and White which is somewhat like the Shorthorn and 
Ayrshire is the most popular in middle Sweden. A smaller hornless native 
race is more abundant in northern Sweden. Pictures of the Red and White 
and of white hornless animals are included. Cow testing associations began 
in 1898. About 18 per cent (350,000 head) of the milking cows are now on 
test in these associations. About 50,000 other cows are on test in creamery 
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associations where the owner weighs the milk and takes the samples himself 
but the testing is done at the nearest creamery. These creamery tests are 
not recognized in the conduct of the herd books or when awarding prizes at 
the fairs but are thought worth making for the owner to use in controlling 
his feeding operations and in culling. Progeny tests of bulls generally 
require at least ten comparisons between daughters and dams but in certain 
circumstances six such comparisons justify evaluating a bull. Some govern¬ 
ment aid is given to the cow testing associations and also to the 2,400 bull 
associations. Members of the latter own 286,000 cows. There are no 
specialized beef breeds in Sweden and no cattle are now used for draft pur¬ 
poses. Breeding is aimed at a milk-flesh ideal with the milk being given 
more emphasis, especially in the northern districts. The total number of 
cows has not changed much in recent years but production has increased. 
Improved breeding and better management have both been responsible for 
this. About eight per cent of the feed for dairy cows is imported. Various 
governmental subsidies or control measures have kept the domestic price for 
butter higher than the price for butter exported. Some of these last cir¬ 
cumstances may have changed since the outbreak of the present war. 

. J.L.L. 

399. Die Auswertung der Herdbiicher in den Fleckviehzuchtgebieten 
unter besonderer Beriicksichtigung der Leistungsvererbung 
durch den Bullen. Hans Biegert. Zuchtungskunde 15 (4): 105- 
119. 1940. 

The author gives first a general discussion about the purposes and uses of 
herd books, the nature of the data they do or should include, methods of 
evaluating inheritance for milk production, etc. The data studied are from 
the herdbooks of the Ried region in central Baden and involve evaluating 
the production or inheritance of about 140 bulls and 4,000 cows. All of the 
cattle belong to the Fleckvieh race (similar to the Simmenthaler). The 
agriculture of this region is characterized by small holdings with usually 
not more than three or four cows per farm and consequently the extensive 
use of community bulls and such cooperative measures. Under such con¬ 
ditions the author believes it unwise to refer each record to the herd average, 
as has been recommended for regions where the herds are very large and the 
data extend over many years. Also he concludes that the year-to-year varia¬ 
tion need not be considered in types of agriculture in which little use is 
made of pasture. Daughter and dam were tested in the same herd in about 
95 per cent of the cases. Age corrections are avoided by not including the 
first two lactations in the daughter-dam comparisons. He tfses averages of 
the third and fourth lactations and later ones, if any. Each sire is evaluated 
according to the customary “heredity grid” diagram which is like an intra- 
sire daughter-dam correlation. The diagram also shows the numbers of the 
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daughters which exceed or fall below their dams and the number which 
exceed or fall below the average for the community in which that bull was 
kept. Daughters without tested dams or without third and fourth lacta¬ 
tions are indicated in the diagram but are not included in the proof. Ten 
daughter-dam comparisons are considered the minimum for proving a sire. 
Corrections for the amount of draft work performed by the dam or by the 
daughter are discussed but are considered unsatisfactory. An actual pedi¬ 
gree is given as a model of what would be expected in pedigrees giving only 
the most useful information. No new genetic theory is involved. This is 
a discussion with actual examples of what can be done toward the proving 
of dairy sires in communities where the herds are small and the cooperative 
use of dairy sires is extensive. It also includes a number of brief statements 
of opinion as to which external circumstances are practically worth correc¬ 
tion and concludes that in this region age is almost the only one of these. 

J.L.L. 


BUTTER 

400. Crumbly, Sticky Butter. C. H. Parsons, Swift & Co., Chicago. 

Nat’l Butter and Cheese J., 31: 4, 18. 1940. 

Crumbly butter is difficult to cut into patties and breaks easily when 
cold. Composition of butter fat and manufacturing procedures influence 
the extent of the defect. Butter manufacturers cannot control feeds but 
may relieve the condition by careful manufacturing methods. Control of 
temperature of churning and temperature of wash water as suggested by 
Coulter and Combs were tried on the commercial scale in 9 states. Butter 
was tested by penetrometer, and by cutting and spreading tests. The 
treatments improved but did not wholly overcome severe crumbly conditions. 
The auger type printing machine improved body. There is a possibility of 
further improvement by proper adjustment of time and temperature of 
holding butter before printing. W.V.P. 

401. Weedy Flavored Cream—Its Relation to the Butter Industry. P. A. 

Downs, Univ. of Nebraska, Lincoln, Nebr. Nad Butter and 

Cheese J., 31: 5, 12. May 1940. 

Flavors of milk and cream may come from feeds and weeds eaten by 
cows or from odors breathed by the cow and absorbed by the blood stream. 
Thalaspi arvense, called Penny cress, French weed or stinkweed, belongs to 
the mustard family and now is found from Canada south to central Cali¬ 
fornia and east to eastern Minnesota. As little as 90 to 150 gms. of seed 
or 500 gms. of green forage eaten by the cow will taint the milk. Wild 
onion or garlic plants are common causes of tainted milk. “Pepper grass” 
is believed to cause a characteristic flavor but more definite information is 
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needed to be sure of its effect. This information is being obtained by the 
combined efforts of the Research Committee of the American Butter Insti¬ 
tute of Chicago, and a Sub-committee of the Quality Committee of the 
American Dairy Science Association. W.V.P. 

CHEESE 

402. The Measurement and Significance of pH Values in Cheesemaking. 

J. G. Davis and C. 0. Ttiiel, The Nat’l Inst, for Res. in Dairying, 

Univ. of Reading, Reading, England. J. Dairy Res., 11: 71-78. 

1940. 

A colorimetric dilution method for the determination of pH values in 
cheesemaking is recommended, using bromthymol blue as the indicator for 
milk and whey of pH greater than 5.8 and B. D. H. 5560 indicator for whey 
of pH below 5.8. The authors consider that titratable acidities and pH 
values each afford an incomplete picture of the working of a curd. Together 
they afford a valuable indication of the normality or otherwise of the making 
process. S.T.C. 

403. Cream Cheese as a Base for Spreads. C. R. Baker. Nat’l Butter 

and Cheese J., 31: 6, 26. June 1940. 

A method of making 4 ‘ Cream cheese” with six per cent fat in the mix is 
outlined. The curd may be mixed with ripened cheese, pickles, olives or 
pimentos. Emulsifying salts and a stablizing agent are added to the cheese 
mixture which is cooked to about 170° F. before placing in glass jars. 

W.V.P. 


CHEMISTRY 

404. Biennial Reviews of the Progress of Dairy Science. Section C. 

Dairy Chemistry. J. Dairy Res., 11: 84-111. 1940. 

An excellent review of the progress of dairy chemistry from the middle 
of 1937 to the middle of 1939. S.T.C. 

405. The Determination of Vitamin D in Food Substances Containing 

Phosphorus. Katharine Coward and Elsie Kassner, College of 
Pharmaceutical Society, London. Biochem. J., 34: 538. 1940. 

In this paper a reinvestigation of the effect of giving vitamin D plus 
phosphate to rats fed on a raehitogenic diet of high-Ca, low-P content was 
reported. In six separate experiments the average healings produced by (a) 
10 units of vitamin D, (b) a dose of potassium phosphate, and (c) 10 units 
of yitamin D plus a dose of phosphate were compared. The phosphate dose 
of groups (b) and (c) ranged from 60 to 1380 mg. per rat. In another series 
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similarly arranged the vitamin D dose was 5 units, and the phosphate dose 
ranged 460, 920 and 1380 mg. per rat. The lower doses of phosphate alone 
were practically without effect on calcification but all doses affected the calci¬ 
fication brought about by either 5 or 10 units of vitamin D. The curves of 
response to (a) 10 units of vitamin D plus graded doses of phosphate, (b) 
5 units of vitamin D plus graded doses of phosphate, and (c) doses of phos¬ 
phate alone were all logarithmic and of similar slope, (a) being highest, and 
(c) lowest of the various heighths. Giving both vitamin D and phosphate to 
rats receiving a raehitogenic diet of high-Ca, low-P content has a multiplica¬ 
tive effect on healing, not an additive one. It is suggested the only prac¬ 
tical method of testing a food product containing sufficient phosphorous in 
the dose to alter the Ca-P ratio of the diet is to extract the ether soluble 
portion after saponification and determine the vitamin D in the extract. 

K.G.W. 

406. Studies on the Chemistry of the Fatty Acids. VI. The Application 

of Crystallization Methods to the Isolation of Arachidonic Acid, 
with a Comparison of the Properties of this Acid Prepared by 
Crystallization and by Debromination. Observations on the 
Structure of Arachidonic Acid. G. Y. Siienowara and J. B. 
Brown, Lab. of Physiological Chem., Ohio State Univ., Columbus, 
O. J. Biol. Chem., 13i: 331. 1940. 

Crystallization procedures at low leniper&tures were applied to the 
methyl esters from the fatty acids of suprarenal phosphatides. The methyl 
araehidonate obtained by this method was compared, for the constants, with 
the ester prepared by the debromination procedure. The differences in con¬ 
stants observed are believed 1 due to the presence of isomers in the product 
obtained by the chemical means. A tentative formula for the arachidonic 
acid is suggested, based on physico-cliemico measurements. The arachidonic 
acid occurring in adrenal phosphatides is suggested as A-6-10-14-18 a 
icos&tetrenoic acid. 

CH 3 - CH - CH - (CH,), - CH = CH - (CH,), - CH = CH - (CH 2 )< - 
COOH. This information is of interest because of increasing attention to 
the value of fatty acids in nutrition. K.G.W. 

407. The Estimation of Riboflavin. 1. A new biological method. 2* 

The estimation of riboflavin in milk; comparison of fluorimetric 
and biological tests. 3. Statistical analysis of the data. M. M. 

El Sadr, T. F. Macrae and C. Elizabeth Work, Div. of Nutrition, 
Lester •Institute, London; K. M. Henry, J. Houston and S. K. 
Kon, Nat’l. Institute for Research in Dairying, Univ. of Reading; 
and J. O. Irwin, Medical Research Council’s Statistical Staff. I$io- 
ehem. J., 34: 601. 1940. 
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The first phase of the paper is a concise review of the techniques available 
for measuring the riboflavin content of foods, and the results of these 
methods. The second phase is a report of a study on the biological assay 
method wherein a basal ration plus various supplements were fed the ani¬ 
mals. A method was suggested for use whereby young rats are fed a diet 
complete in other respects plus a liver charcoal filtrate as a source of the B 2 
vitamins. Inasmuch as the rats showed growth responses when fed graded 
doses of riboflavin, it is believed an excellent method for assay purposes.* 

In the third phase a comparison was made between the fluorimetric 
method of measurement of riboflavin and the bioassay method. When the 
milk is fed at lower levels yielding animal-weight gains of 10-15 grams a 
week, biological findings are in good agreement with fluorimetric tests. In 
the fourth phase, the bioassay results of two laboratories were put to statis¬ 
tical review. The results of the data show that the slope of the standard 
curve of data by the one laboratory is steeper than the slope for standard 
of the second laboratory. Because different slopes for the standard curve 
occur in different laboratories, it is suggested that at least two doses of 
standard and two doses of unknown preparation be employed in routine 
testing. K.G.W. 

408. The Composition of Dolphin Milk. Lillian Eiciielbekger, E. S. 

Fetchek, Jr., E. M. K. Geiling and B. J. Vos, Jk., Lasker Founda¬ 
tion for Medical Research and the Depts. of Medicine, Pharmacol¬ 
ogy, and Physiology, Univ. of Chicago. J. Biol. Ciiem., 134: 171. 
1940. 

The data presented in this study were obtained in a manner unlike that 
employed for other studies; the samples were obtained from live animals, 
three bottle-nose dolphins and in addition, one spotted dolphin 1.5 hours 
after it had been harpooned. Dolphin milk was found to be high in fat 
(108-180 gm. per liter) and protein (94.2-111 gm. per liter) and low in 
lactose (3.9-7.T gm. per liter). Iv.G.W. 

409. The Determination of pH in Milk and Whey by Means of Colour 

Indicator Paper. L. Suekles, The Laboratory for Veterinary 
Chemistry, State University, Utrecht, Holland. J. Dairy Res., 11: 
79-83. 1940. 

The author suggests the use of lypan paper M25 for pH measurements 
in milk and whey in the pH range 5.4-6.6. As a rule the error was found 
not to exceed 0.1 pH. In very acid milk and whey (pH < 5.4) lypan paper 
of the L. series is recommended. Generally the deviation was found not to 
exceed 0 2 pH. Lypan paper can not be used in alkaline milk and whey. 

S.T.C. 
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410. A Rapid Method for the Separation of Serum Albumin and Globulin. 

George B, Kingsley, Div. of Biochem., Labs., Pliila, Genrl. Hospi¬ 
tal, Phila., Pa. J. Biol. Chem., 133: 731. 1940. 

A rapid, accurate method for the separation of serum albumin and 
globulin is based on the use of ether to decrease the density of globulin pre¬ 
cipitated by sodium sulphate. After ether extraction and brief centrifuga¬ 
tion, globulin separates in a compact layer at the bottom of the ether phase 
above the sodium sulfate solution. No preliminary period of standing is 
required. K.G.W. 

411. Composition of Lactic Acid and the Production of a Highly Con¬ 

centrated Acid. Paul D. Watson, Res. Labs., Bur. Dairy Ind., 

U. S. Dept, of Agr. Ind. Eng. Ohem., 32: 399. 1940. 

Lactic acid with a total acidity of about 100 per cent consists of varying 
proportions of lactic acid (free), lactyllactic acid (anhydride), lactide and 
water. 

The composition of lactic acid of different strengths varies widely, and 
the composition of a single acid changes slowly until equilibrium is reached. 
Lactic acid (U.S.P. 85 per cent) contains only a trace of lactide; the 100 per 
cent acid contains about one per cent lactide. The amount of lactyllactic 
acid present may vary from about zero to about 90 per cent, dilute lactic 
acid containing little or none. Smooth curves are obtained when the ana¬ 
lytical results obtained on stabilized acids are plotted. 

At present concentrated lactic acid is not available in concentrations 
above 86 per cent. This study has resulted in a process for the production 
of concentrated lactic acid with a total acidity of about 105 per cent ex¬ 
pressed as lactic acid. This concentrated acid is an anhydrous, viscous, 
water white liquid, and it is thought that it may have considerable industrial 
value. Author’s Abstract 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

412. Density of Dry Milk Solids (Skimmilk). O. E. Stamberg and C. H. 

Bailey, Univ. of Minnesota, St. Paul, Minn. Food Research, 5: 

3, p. 275. May-June 1940. 

The authors define a term “density index” as ten times the amount of 
sedimentation obtained, by shaking 7 grams of dry skimmilk with a naphtha 
and carbon tetrachloride mixture (density 1.250 at 25° C. or 77° F.) in a 
graduated 50 cc. conical centrifuge tube, after 45 minutes settling. Their 
observations indicate that there is a great variation in the density indices of 
spray dried skimmilk due to the variation in amount of occluded air. This 
in turn was found to vary with the process of manufacture and type of 
equipment. No air was found in roller dried skimmilk and less air was 
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found in spray dried skimmilk when a higher preheating treatment was used. 
The authors indicate that the density index might be used by manufacturers 
as a test for uniformity of product. While no mention is made directly 
concerning it, the index appears to also offer a means of distinguishing be¬ 
tween spray dried and rolJer dried skimmilk. P.J.D. 

FEEDS AND FEEDING 

413. Milk and Butterfat Production by Dairy Cows on Four Different 

Planes of Feeding. It. R. Graves, George Boteman and J. B. 

Sheppard, all of the Bureau of Dairy Industry, and George B. 

Caine, Utah State Agr. College. U.S.D.A. Tech. Bui. 724, 36 pages. 

April 1940. 

Twelve Holstein cows were fed the following 4 different rations in 4 lacta¬ 
tion periods and the production records calculated to maturity. 

1. Full grain ration—consisting of alfalfa hay, corn silage, pasture in 
season and one pound of the grain mixture per pound of fat produced per 
week. Grain mixture was 2 parts barley, 1 part oats and 1 part bran. 

2. Alfalfa hay alone or pasture alone in season. 

3. Same as (2) except ground barley was fed at the rate of one pound to 
an average of 6.03 pounds of milk. 

4. Alfalfa hay and pasture with the addition of corn silage. 

Ration 1 was fed prior to the other rations which did not follow in order. 
On the basis of ration No. 1 being 100 per cent, ration No. 2 produced 69.75 
and 65.77 per cent as much milk and butterfat respectively; ration No. 3 pro¬ 
duced 86.03 and 80.24 per cent as much milk and butterfat respectively. 

The average dry matter consumed daily per cow during the winter was 
30.6 pounds on alfalfa alone, 32.85 pounds on alfalfa and restricted grain 
and 32.76 pounds on alfalfa and corn silage. W.E.P. 

414. Roughage Feeding of Dairy Cattle. II. S. Willard, Univ. of Wyo¬ 

ming, Laramie, Wyoming. Bill. 237, May 1940. 

Barley as the grain supplement to alfalfa hay and pasture was com¬ 
pared to alfalfa and pasture only for milking cows. The effect of several 
consecutive years of no grain feeding was also studied. From 2 to 12 
pounds of barley per head per day was found to have very little effect upon 
lowering the hay consumption. 

When Holstein cows had a daily capacity of 30 to 40 pounds of milk at 
the peak there was little increase in production when barley was fed with 
good hay and pasture. Cows with greater capacities at peak production 
benefit proportionally from grain feeding. When no grain is fed the greater 
the peak production capacity is, the more rapid the decline in daily milk pro¬ 
duction. Cows with 50 to 60 pounds peak production capacities produced 
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327 pounds fat in 305 days mature equivalent without grain and 410 pounds 
with barley supplement. Cows with 40 to 50 pounds daily peak capacities 
produced 317 and 320 pounds fat on the mature equivalent in 305 days for 
no grain and grain respectively. When the peak production capacity was 
30 to 40 pounds the respective 305 day mature equivalent fat yield for no 
grain and grain was 240 and 214 pounds. W.E.P. 

415. Rate of Growth by Dairy Calves and Heifers on Different Rations. 

R. R. Graves and J. R. Dawson, Bureau of Dairy Industry, Wash¬ 
ington, D. C.; D. V. Kopland, Huntley, Mont.; A. G. Van Horn, 
Lewisburg, Tenn.; and S. L. Catiicort, Columbia, S. C. U.S.D.A. 
Cir. No. 560, 24 pages. 1940. 

Holstein heifers were fed skim milk until 6,12,18 and 24 months of age. 
No difference was found in the rate of growth. The longer periods of skim- 
milk feeding resulted in a somewhat higher breeding efficiency. A slightly 
higher milk production was observed for the heifers fed skim milk for the 
longer periods which was not attributable to inheritance. At Woodward, 
Oklahoma, with 3 groups of 3 Holstein heifers each, it was found that satis¬ 
factory growth was secured on winter rations consisting of sumac sorgo 
silage and 1 pound cottonseed meal; sumac sorgo silage and 2 pounds cotton¬ 
seed meal and 6 pounds alfalfa hay; sumac sorgo silage and 2 pounds grain 
mixture. 

Jersey heifers were found to make satisfactory growth from 12 months 
of age when fed unlimited amounts of machine dried legume hay during the 
winter and good pasture during the summer. Thirteen Jersey heifers fed 
machine dried hay exclusively and without pasture from 12 months to 18 
months of age made satisfactory gains. The daily hay consumption per head 
ranged from an average of 10.6 pounds at 13 months to 15 pounds at 18 
months of age. W.E.P. 

FOOD VALUE OF DAIRY PRODUCTS 

416. A Physiological Explanation of the Therapeutic Value of Milk. 

Charles P. Nelson, M.D., Nelson Clinic, Beverly Hills, Calif. The 
Assn. Bull. Intern. Assn, of Milk Dealers. 32nd year. No. 16: 
393-398. May 1940. 

The results of physio-chemical tests show that 68 per cent of all people 
are below 10 mgs. of blood calcium, whereas the author considers 10.5—12 
mgs. per cent (equivalent to 12 mgs. per 100 ml. of blood) as the optimum. 
He further states that nearly all cows are deficient in calcium. The serum 
calcium and phosphorus determinations of 100 women on date of delivery 
showed 85 per cent were deficient in phosphorus. In order to maintain a 
normal calcium concentration in the blood, it is necessary to maintain a nor- 
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mal blood phosphorus concentration. Low blood calcium also results from 
too high phosphorus, in which event phosphorus intake must be reduced 
until the calcium-phosphorus serum concentration ratio is 3 to 1. If it is 
possible to increase the amount of calcium in cows’ milk in addition to cal¬ 
cium containing foods, especially alfalfa, oats, etc., it is necessary to add 
some form of calcium medication to the food mixtures either in the form of 
decomposed limestone, calcium carbonate or calcium gluconate. A bloo,d 
calcium content of 12 mgs. per cent is desired. E.F.G. 

417. The Vitamin A and Carotene Content of Shorthorn Colostrum. K. 

M. Henry, J. Houston and S. K. Kon, Nat’l Inst, for Res. in 
Dairying, Univ. of Reading, Reading, England. J. Dairy Res., 11: 
1-8. 1940. 

The concentration of carotene and vitamin A in colostrum and colostral 
fat and total yield of these substances in successive milkings was studied for 
four Shorthorn cows and nine heifers. The concentration of vitamin A in 
the first colostrum ranged from 8160 to 820 Moore blue units per 100 g. and 
that of carotene from 2026 to 411 Moore yellow units per 100 g. The high¬ 
est and lowest concentrations and yields of vitamin A and carotene respec¬ 
tively in samples of colostrum and later milk were in the ratios: per g. of 
colostrum (milk) 3f): 1 and 65:1; per g. of fat 27:1 and 34:1; calculated 
on daily yield 31:1 and 65:1. 

Access to pasture before calving appeared to have no effect on the secre¬ 
tion of vitamin A in colostrum but increased the output of carotene. 

S.T.C. 

418. The Effect of Commercial Pasteurization and Sterilization on the 

Vitamin B! and Riboflavin Content of Milk as Measured by 
Chemical Methods. J. Houston, S. K. Ivon and S. Y. TiiobIpson, 
The Nat’l Inst, for Res. in Dairying, Univ. of Reading, Reading, 
England. J. Dairy Res., 11: 67-70. 1940. 

Fluoriiuetric tests applied to commercially pasteurized and commercially 
sterilized milk showed that in the former some 10 per cent and in the latter 
up to 50 per cent of vitamin Bi was destroyed in the course of the heat 
treatment. 

Riboflavin withstood both treatments without loss. S.T.C. 

419. The Problem of Variations in the Growth-Promoting Value of Milk 

for Rats. S. Bartlett, K. M. Henry and S. K. Ivon, The Nat’l 
Inst, for Res. in Dairying, Univ. of Reading, Reading, England. 
J. Dairy Res., 11: 22-36. 1940. 

The growth-promoting properties of milk from three Shorthorn cows 
grazed on the best available permanent pasture was compared to that pro- 
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duced by three other cows of similar lactational history which had been on 
winter rations for 6 months at the start of the experiment and continued 
to be stall-fed. By suitable blending of morning and evening milkings the 
fat content of the milk from both groups of cows was adjusted daily to a 
common level. A part of each milk was then holder-pasteurized. 

Four groups of specially prepared litter-raate male rats were fed ad lib,, 
for a period of eight weeks, on raw and pasteurized milks, both being sup¬ 
plemented with minerals. There were no differences in appetite or gain 
in weight. 

In similar experiments sugar was added to the milks to double their 
caloric value. Again the growth and appetite of the animals were the same 
on the raw summer and “winter” milks. Pasteurization did not alter sig¬ 
nificantly the value of the milks, but the summer milk, whether raw or 
pasteurized, was superior to the pasteurized “winter” milk. 

Guinea pigs receiving the raw mineralized milks alone or with sugar died 
within a comparatively short time. There was no difference in growth per¬ 
formance or time of survival between summer and “winter” milk groups. 

The authors state that these experiments give no indication of the 
presence of a specific new appetite or growth factor in pasture milk. 

S.T.C. 

420. Influence of Age of Cow on Ascorbic Acid Content of Certified Milk. 

A. D. Holmes and Francis Tripp, Research Labs., The E. I. Patch 
Co., Boston; E. A. Woelffer, H. P. Hood and Sons, Boston; and 
G. H. Satterfield, Univ. of North Carolina, Raleigh, N. C. Food 
Research, 5: 3, p. 263. May-June 1940. 

As a result of the analysis of 659 samples of Guernsey and Holstein 
milk from animals stall fed on a variety of hays and concentrates, where the 
ages of the cows ranged from four to eleven years, no consistent relationship 
was noted between the age of a cow and the amount of ascorbic acid in the 
milk. F.J.D. 


ICE CREAM 

421. Sugar in Ice Cream. P. H. Tracy, ITniv. of Illinois. Ice Cream Field, 
35: 5,68. May 1940. 

It is stated that approximately 200,000,000 pounds of sugar are used in 
the ice cream industry annually. The necessity of using sugar to insure 
palatability is emphasized and the influence of sugar upon freezing point 
lowering of ice cream mixes is indicated. 

Mention is made of certain products, such as com syrup or dried corn 
syrup which have recently been used in the ice cream industry. It is re* 
ported that experiments conducted by the author show that high conversion 
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com syrup can be successfully used to replace from 50-75 per cent of sucrose 
in the manufacture of sweetened condensed milk. It is also stated that one- 
third to one-half the sucrose in ices or sherbets can be replaced by 
“Sweetose,” this new corn syrup which was used in the experiments con¬ 
ducted by the author. It is claimed that this product improved the body 
and texture of ices and sherbets and enhanced certain fruit flavors, especially 
pineapple. 

In ice cream when replacing 25 to 33 J per cent of sucrose with “Swee- 
tose” on a sweetening value basis of two-thirds, no effect was noticed on mix 
color, pH or viscosity but the mixes whipped slightly slower. No deleterious 
effects were noted so far as flavor was concerned, but the body was improved 
according to the author. W.C.C. 

422. Vegetable Ice Cream. Vincent M. Rabuffo, Editor, Ice Cream 

Trade Journal. Ice Cream Trade J., 36: 6, 12. June 1940. 

Vegetable flavored ice cream has been developed and introduced by 
Philip Wenger, Tortoni Ice Cream Company, Newark, N. J. Tomato sher¬ 
bet and spinach, carrot and fresh asparagus ice cream are among those sold. 

W.H.M. 

423. Soda Fountain Retail Ice Cream Stores. W. L. Molloy, Sales Mgr., 

Grand Rapids Cabinet Co. Ice Cream Field, 35: 5,46. May 1940. 

The wide range of conditions under which soda fountains are operated 
is pointed out. It is claimed that the deciding factor to consider when at¬ 
tempting to determine whether or not sandwiches, lunches, etc. should be 
served at the soda fountain is whether their introduction will increase the 
consumption of ice cream and other dairy products sold at the fountain. 

W.C.C. 

424. Texture in Ice Cream. J. H. Erb, Ohio State Univ. Ice Cream Field, 

35: 6, 32. June 1940. 

The author emphasizes the importance of low' temperature drawing of ice 
cream from the freezer and rapid hardening as a means of improving ice 
cream texture. He claims that stiff ice cream from the freezer when 
hardened slowly at 0° F. wus about equal in texture to soft ice cream from 
the freezer if the latter was hardened rapidly. 

It is claimed that the ice cream from a continuous freezer compared to 
ice cream drawn at the same temperature from a batch freezer has a better 
texture because of the finer incorporation of air in the continuous freezer. 

. W.C.C. 

425. Plant Maintenance. F. C. Vogt, Pres., Vogt’s Ice Cream Co., New 

York, N. Y. Ice Cream Field, 35: 5, 50. May 1940. 

According to the author each plant has its own specific maintenance 
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problems. This is especially true with refrigeration systems it is claimed; 
often lack of flexibility in such equipment makes the problem acute. 

With other equipment, maintenance need not be difficult it is stated, 
since troubles can usually be forecast and proper repairs made before main* 
tenanee reaches the acute stage. 

The necessity of properly grinding the valves in homogenizing equip¬ 
ment, of carefully handling sanitary piping, of maintaining proper strengths 
of cleaning solutions through regular and frequent checks, of operating the 
boiler and other pieces of equipment according to established practices are 
all mentioned as part of an efficient management program. W.C.C. 

426. Charting Better Retail Store Control. Anonymous. Ice Cream 

Field, 35: 5, 29. May 1940. 

It is claimed that analyses of many retail stores show lack of adequate 
and accurate control of merchandise and costs which is often a primary cause 
of failure. Two charts used by one successful ice cream company are repro¬ 
duced to illustrate devices that can be helpful. These charts are entitled 
(1) “Efficiency Rating of Sales People,” and (2) “These are Money Losses. ,, 
They illustrate many points worthy of consideration. W.C.C. 

427. Retail Store Organization. Charles Paine, United Farmers Dairy 

Stores, Inc., Charlestown, Mass. Ice Cream Field, 35: 5, 36. May 
1940. 

Proper organization according to the author divides the whole job into 
parts in such a way as to accomplish the desired results. Further, it defines 
each job as well as the inter-relationship between jobs thereby removing 
many causes of friction. 

Merely assigning certain duties to each employee is not enough. It is 
claimed that organization necessitates that one (1) analyze or study the work 
to be done, (2) organize or group the various things to be done. (3) deputize 
or select proper personnel, (4) train each employee for his job, and (5) 
supervise or see that the program outlined is accomplished. W.C.C, 

428. Mechanical Refrigeration in Ice Cream Truck Bodies. P. Fortney, 

Warnsman-Fortney Body Co., Cleveland, Ohio. Ice Cream Field, 
55:5,44. May 1940. 

It is claimed that the most widely used type of mechanical refrigeration 
in the ice cream industry is the hold over system. This system consists of 
an evaporator eoil which is immersed in or adjacent to a eutetic solution of 
silica jell. The compressor may be on the body or a remote installation. 
It is claimed that most buyers prefer the compressor on the truck body unless 
an ammonia compressor is used as the source of refrigeration. 
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This system according to the author maintains more uniform tempera¬ 
tures in the truck body than other types of refrigeration systems used. The 
cost of operating the truck bodies is no greater with the load in the truck 
than with it empty, hence it is common practice not to remove the return 
load where this system is used. The following operating costs for this 
system are given by the author. Depending upon power rates it costs from 
15 cents to 50 cents per day with an average of 30 cents for a 500 to 600 
gallon body. Daily depreciation amounts to 50 cents and service charge 10 
cents per day or approximately 90 cents per day total cost. 

It is stated that ice cream transport trucks sometimes used the above 
system of refrigeration but often resort to the constantly operating type, 
where a generator is mounted on the truck and driven by a power take-off 
from the transmission. Either direct expansion or partial hold-over coils 
are used with this system and it is claimed that best results are obtained 
where partial hold-over coils are provided. W.C.C. 

429. Refrigeration in the Dairy Industry. R. A. Brodesrek, Southern 

Dairies, Inc., Washington, D. C. Ice Cream Field, 35: 6, 12. 

June 1940. 

Refrigeration is the most important factor to be considered in the food 
industry and the machinery required to produce it makes up the largest in¬ 
vestment, it is claimed. Multi-stage compressors of the booster type and 
high speed refrigeration machinery are more efficient than the older types 
the author states. 

It is claimed that a multi-process dairy plant, i.e., one that produces ice 
cream, milk and other products needs three suction pressures, viz. —5, 20 and 
30. Multiple header and booster systems make it possible to obtain any one 
of these pressures. The applications of each of these systems is then briefly 
discussed. The author refers to a system of refrigeration pipe arrangement 
as the “bin type hardening room,” that his concern has used successfully. 
He claims that they prefer it to the low temperature blower system. 

Referring to refrigerated trucks he claims that liold-over coils and dry 
ice are both giving satisfactory results. 

Important steps in the development of ice cream cabinets are outlined. 
The trend has been towards a compact, light cabinet of sturdy construction, 
one which after installation will require the minimum of service. It is also 
claimed that in areas where the cost of dry ice equals that of purchased 
power, electrically operated compressors will be obsolete. W.C.C. 

430. Creating Gallonage. A. W. Smith, United Dairy, Springfield, Mass. 

Ice Cream Trade J., 36: 5, 64. May 1940. 

The United Dairy System, Inc., Springfield, Massachusetts, has hit upon a 
novel way for increasing the sale of ice cream to church socials, picnics, 
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weddings and parties. It will furnish a portable fountain without rental 
to any group sponsoring a gathering of any kind. W.H.M. 

431. The Use of Sugars in Ice Cream. B. I. Masurovsky. Ice Cream 

Trade J., 36: 5, 69. May 1940. 

The author of this article has abstracted an original article entitled, 
“How One Sugar Compares with Another,” by Dr. Stroud Jordan, Food 
Industries, volume 12, number 3, using sucrose as a standard and having a 
sweetening value of 100, other sugars have a sweetening value as follows: 
levulose—175; dextrose—66; corn syrup—30. The caloric value of sucrose 
is given as 1794 per pound, anhydrous dextrose, 1704 per pound, and hy¬ 
drated dextrose, 1549 per pound. W.H.M. 

432. Consumer Educational Trends. Rachael L. Reed, Kansas City 

Dairy Council, Kansas City, Mo. Ice Cream Rev., 23: 7, 39. Feb. 
1940. 

The ice cream industry stands to gain by cooperating with consumer 
groups. The reasons for a consumer movement and a brief history of it are 
given. It is suggested that ice cream manufacturers hold consumer leader 
conferences, arrange for plant visits, present industrial displays, etc. 

J.H.E. 

433. Efficient Personnel.—No. 1 Problem of the Retail Ice Cream Store 

Operator. Edward Thom. Ice Cream Rev., 23: 7, 30. Feb. 1940. 

This is a portrayal of the policies and plan of operation of the 23 retail 
ice cream stores. The most important factor in successful operation is 
personnel. To train efficient, managers and clerks and hold them is an ever¬ 
lasting job. An excellent means of building employee morale and bringing 
about a closer relationship between employer and employee has been a 
weekly news letter from the manager addressed to all supervisors, store 
managers, plant superintendents, and owners. J.H.E. 

434. Better Merchandising Through Drug Store Fountains. M. A. New¬ 

ton, Wendt’s Cream Top Dairy, Niagara Falls, N. Y. Ice Cream 
Rev., 23: 8, 35. March 1940. 

Ice cream manufacturers should aggressively influence druggists to do 
a better job of merchandising ice cream. Old time fountain arrangements 
should be modernized. Too often the drug store fountain is unattended 
while the average store should have an attendant behind it at all times just 
as special retail ice cream stores have. J.H.E. 
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435. A Method for the Accurate Sampling of Ice Cream. A. C. Maack 

and P. H. Tracy, TJniv. of Illinois, Urbana, Ill. Ice Cream Rev., 

23: 8, 36. March 1940. 

There has been difficulty in getting a representative fat and solids test in 
fruit and nut ice cream due to the pieces of flavor material in the melted 
ice cream. Some testers merely strain out the added material and run the 
test on the remaining mix. This does not give accurate information even 
on the unflavored mix. It would be desirable to break up the material 
fine enough in order to get a representative sample. 

An accurate method of sampling and testing fruit ice cream is described. 
The fruit in a four or five ounce sample of ice cream is thoroughly broken up 
by means of a malted milk mixer. Tests indicate an accurate test of the 
product can be made. Nut ice creams tend to show a considerable increase 
in fat content when the nuts are first broken up by the mixer. This is said 
to be due to the inclusion of the oil in the nuts. J.H.E. 

436. Sugars in Ice Cream. R. J. Trebilcock, Com Products Sales Co., 

New York. Ice Cream Rev., 23: 8, 42. March 1940. 

This is a review of the function of sugar in ice cream and a discussion of 
the various types of sugar. 'When dextrose is used to replace 25 per cent of 
the sucrose, the freezing point is lowered .65 of a degree F. J.II.E. 

437. Handling Seasonal Changes of Labor Requirements in an Ice Cream 

Plant* I. R. Krill, Moores and Ross, Inc., Columbus, 0. Ice 

Cream Iiev., 23: 8, 38. March 1940. 

A plan is described for handling the problem of seasonal employment in 
the ice cream industry. Meeting these requirements successfully involves 
three things: first, carefully selecting workers who have good health and are 
reliable; second, integrating the labor of the new employees with that of the 
old employees in such a way as to maintain efficient production and avoid 
waste; and third, managing by wise foresight and a few simple precautions 
to keep at a minimum the expense of unemployment compensation and in¬ 
dustrial insurance. 

The best market for summer labor is in two groups: first, women and 
girls who are seasonally employed in winter by department stores or seasonal 
industries; and second, students studying dairy manufacturing, who in the 
dull season of the ice cream business are attending school. J.H.E. 

438. Soliciting Consumers by Mail. Anonymous. Ice Cream Rev., 23: 

11, 23. June 1940. 

A mail solicitation plan for reaching ice cream consumers is described. 
The experience thus far has been successful in gaining new customers. 

J.H.E. 
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439. Serum Solids for Ice Cream. H. E. Otting, M & R Dietetic Labs., 

Columbus, 0. Ice Cream Rev., 23: 9, 37. April 1940. 

Several types of milk solids are available for ice cream. The kind used 
should depend on; (1) freedom from heated or cooked flavors; (2) stability 
or keeping quality; (3) laws of boards of health governing territory of dis¬ 
tribution; (4) water absorbing ability; (5) composition of mix; (6) cost; 
(7) availability. The forewarming temperature, degree of concentration 
and characteristics of each type of serum solid source is discussed. J.H.E. 

440. What is Adequate Pasteurization of Ice Cream Mix. T. V. Arm¬ 

strong, Ohio State Univ., Columbus, 0. Ice Cream Rev., 23: 9, 

41. April 1940. 

This article js a review of previous work on the thermal death points of 
pathogens in ice cream. The recent work on the Escherichia-aerobacter 
group of bacteria and the phosphatase test, is considered. This leads the 
author to conclude that 150° F. for 30 minutes should be the minimum for 
adequate pasteurization. He also cites that the recommendations of the 
Committee on Ice Cream Sanitation of the International Association of Milk 
Sanitarians are 155° F. or higher for 30 minutes, or 180° F. or higher for 16 
seconds as the short time method. J.H.E. 

441. How to Wash Ice Cream Equipment. W. B. Combs, Univ. of Minne¬ 

sota, St. Paul, Minn. Ice Cream Rev., 23: 9, 52. April 1940. 

Equipment should first be rinsed with warm water and then dismantled. 
Prepare washing solution by adding washing powder to a pail of water and 
dissolve completely before use. Use a stiff brush to scrub all parts of equip¬ 
ment. Finally rinse with w T arrn water and steam with a steam hose. The 
cleaning of special equipment is outlined. For metal equipment use to each 
50 gallons of water a washing powder in the following amounts: 1 lb. neutral 
soda, i lb. soda ash, and J lb. trisodium phosphate. All equipment should 
dry quickly after cleaning. A chamois skin is recommended for polishing 
outside surfaces. J.H.E. 

442. How to Sterilize Equipment. H. Macy, Univ. of Minnesota, St. Paul, 

Minn. Ice Cream Rev., 23: 9, 54. April 1940. 

This is an excellent article giving detailed instruction for sterilizing each 
piece of equipment commonly found in an ice cream plant. The system is 
rigid. In general, the equipment should be steamed until the condensate at 
the outlet of the equipment is above 180° F. for at least three minutes. As¬ 
sembled equipment may be rinsed with chlorine solution just before use. 
This should contain 50-200 parts per million of available chlorine, depending 
upon the period of exposure. The author is of the opinion that a fresh water 
rinse is desirable following chlorine sterilization. J.H.E. 
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443. New Competition for the Ice Cream Manufacturer. H. H. Sommer, 

Univ. of Wisconsin, Madison, Wis. Ice Cream Rev., 23: 9, 94. 

April 1940. 

Ice cream mixes and mix products for home use are on the market and are 
being tried by many house-wives. The type of products that have been 
placed on the market may be classified as follows: (1) mix bases consisting 
of stabilizer, sugar and flavors; (2) mix bases similar to number one but con¬ 
taining some skimmilk solids; (3) powdered ice cream mixes; (4) canned, 
sterilized ice cream mixes; (5) bottled, unsterilized, ice cream mixes. Some 
of these products involve difficulties with respect to mix composition, mix 
processing, freezing and whipping. Ice cream mixes, specially designed for 
home freezing and delivered freshly bottled on milk routes, at present are 
on the increase. Similarly, canned ice cream mixes have possibilities but 
also have some disadvantages, so the future of these products is difficult to 
predict. The belief is expressed that none of these products afford any real 
economy to the housekeeper but pride in her own handiwork may make for a 
permanent establishment of these home ice cream mixes. J.H.E. 

444. Reduce Power Costs. Anonymous. Ice Cream Rev., 23: 10, 38. 

May 1940. 

Operating in a community where purchased electric power cost 3J cents 
per kilowatt, a California ice cream manufacturer installed a new Diesel 
engine for generating his own current. After the experience of operating 
8,000 hours, the owner concludes that his electricity now costs him less than 
one cent per kilowatt. J.H.E. 

445. Keeping down Bacteria Counts. Wesley Sciiwen, Sch wen’s Ice 

Cream Co,, Blue Earth, Minn. Ice Cream Rev., 23: 10, 40. May 

1940. 

This is a detailed explanation of how one ice cream plant practices good 
sanitation. Bacterial counts are run on all mixes and frequent line run tests 
and 2?. coli tests are used to determine source of contamination. Many help¬ 
ful operating suggestions are given. J.H.E. 

446. Pan Condensed Ice Cream Mixes. R. A. Larson, Michigan State Col¬ 

lege, East Lansing, Mich. Ice Cream Rev., 23: 10, 34. May 1940. 

Baume hydrometer readings were determined for a number of ice cream 
mixes made in the vacuum pan. For all the mixes studied within the range 
of 115-155° F. a 5° F. change in temperature caused a .2° Baume change. 
Charts are given showing proper Baume readings at various temperatures 
for 12 different mixes. The directions are given for predicting the correct 
Baume reading of any composition mix. 
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447. Proper Paint in the Ice Cream Factory. J. W. Thompson, Pitts¬ 

burgh Plate Glass Co., Milwaukee, Wis. Ice Cream Rev., 23: 10, 
54. May 1940. 

This is an informative article giving much up-to-date information on the 
subject of proper paint for the walls, equipment and floors of dairy plants. 
Fungicide paints, fume resisting enamels, paint odor, contamination, syn¬ 
thetic resins, the painting of refrigeration lines, and use of color and lighting 
are all discussed. J.H.E. 

448. Proper Accounting in the Ice Cream Business. Edwin Stovall. 

Ice Cream Rev., 23: 11, 33. June 1940. 

This is a plea for simplification of accounting systems so that essentials 
are plainly and accurately portrayed. J.H.E. 

449. Some Points to Consider before Beginning Distribution of Frosted 

Foods. Russel Brown, Birds Eye Frosted Foods Co. Ice Cream 
Rev., 23: 11, 38. June 1940. 

Ice cream manufacturers are said to handle 18£ per cent of all frosted 
food sold. This article is a discussion of a number of precautions to con¬ 
sider before venturing into the business. J.H.E. 

450. Point-of-Sale—Sanitation. H. T. Smith. Ice Cream Trade J. 36: 

6,8. June 1940. 

The use of paper cups and other single service containers have helped 
many ice cream dealers in solving the dishwashing problem and made it pos¬ 
sible for them to comply with the stricter sanitary rules which are now in 
force in many cities. * W.H.M. 

451. Kansas Ice Cream Survey. H. E. Dodge. Ice Cream Trade J. 36: 

6, 36. June 1940. 

The results of the annual ice cream surveys conducted by the Dairy Di¬ 
vision of the Kansas State Board of Agriculture and the Dairy Department 
of the Kansas State College, show a steady improvement in the quality of the 
ice cream as indicated by the bacterial counts. The number of counter freez¬ 
ers increased from 62 in 1935 to 203 in 1938, followed by a decline to 202 in 
1939. The average yearly gallonage was 3,000 gallons for the counter freez¬ 
ers and 28,000 gallons for the wholesale manufacturers. W.H.M. 

452. Early History of the Ice Cream Industry. W. H. List, Jr., Secy, 

Pa. and N. J. Assn, of Ice Cream Mfgs. Ice Cream Trade J., 36: 
5,12. ft May 1940. 

This article is very enlightening to those interested in the history of the 
ice cream industry. Pictures are presented and description given of the 
various developments which have taken place down through the years. 
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Starting with the introduction of the wholesale ice cream business in 1851 
by Mr. Pussell in Baltimore, the story relates the experiences of many of the 
pioneers of the industry. Sanitation, source of supply, distribution, prices 
and regulations were problems which faced the ice cream manufacturers at 
the start of the twentieth century. Pasteurization, and homogenization of 
ice cream mix started about 1904. Federal pure food laws were passed in 
1906 followed shortly thereafter by laws in several states. The brine freezer 
w*as introduced in 1902, the direct expansion in 1914 and the fore-runner of 
the present continuous freezer in 1928. Not until 1906 was electricity used 
as power for ice cream freezing. Uniform cost accounting was introduced 
about 15 years ago. Trucks were used for delivering of ice cream for the 
first time in 1907, and in 1925 the first mechanically refrigerated trucks were 
put into operation. Mechanically refrigerated ice cream cabinets were de¬ 
veloped in 1920, and six years later dry ice was used as a refrigerant for ice 
cream. Paper ice cream cans made their appearance about 10 years ago 
followed by many types of paper ice cream containers. Ice cream associ¬ 
ations and state universities have played an important role in the develop¬ 
ment of the ice cream industry. W.H.M. 

453. Gallonage. Vincent M. Raruffo, Editor, Ice Cream Trade J. Ice 

(.Yearn Trade J., 36 : 5, 16. May 1940. 

The story of the development and operation of the Philadelphia Dairy 
Products Company, one of the nation’s largest ice cream plants with an an¬ 
nual production of 5,000,000 gallons is described in this article. W.H.M. 

454. The Beginning of the Wholesale Ice Cream Business—1851. M. T. 

Fussell. Ire Cream Trade J., 36 : 5, 37. May 1940. 

This article relates the story of the beginning of the wholesale ice cream 
business by Jacob Fussell in Baltimore in 1851. The operation of the Balti¬ 
more plant w T as followed by one in Washington, D. C., 1856; Boston, 1862, 
and New* York in 1864. W.H.M. 

455. Ice Box Competition. Howard Yaw. Ice Cream Trade J., 36 : 5, 

28. May 1940. 

Statistics are presented showing the marked increase in the sale of bot¬ 
tled carbonated beverages and fruit juices. The writer states that as the 
sale of these products for home consumption has increased there is evidence 
of a decline in the consumption of ice cream in the home. W.H.M. 

456. Homogenization, a Comparison of Pressure and Rotary Type 

Machines, C. D. Dahle, Pennsylvania State College, and C. M. 

Moss, Dairymen’s League. Ice Cream Trade J., 36 : 6, 18. June 

1940. 

A gear type and eccentric type of rotary homogenizer for the homogeni- 
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ration of ice cream mix were compared with a pressure type. The author 
states that all machines gave satisfactory results from the standpoint of 
body, and texture of the ice cream, fat globule size overrun, and fat clump¬ 
ing. There was some difference in the rotary machines from the standpoint 
of pressure fluctuation temperature rise and sanitation and uniformity of 
operation. W.H.M. 


MILK 

457. High Quality Milk Production. L. E. Parkin. Pennsylvania State 

College Cir. 221, 12 pages. 1940. 

This circular is for the producer of milk. It considers the essentials in 
the production of high quality milk involving the attendants, cows, environ¬ 
ment, feed flavors, milking equipment and methods of milking and handling 
the milk. W.E.P. 

458. Some Legislative Aspects of Chocolate Milk Distribution. Gideon 

Hadary. Milk Dealer, 29 : 8, 78-82. May 1940. 

A brief discussion of the laws and regulations governing the production 
and sale of chocolate milk. In summarizing his discussion the author states 
that one can regard chocolate milk primarily as: (1) an outlet for the sale 
of whole milk, overlooking the fact that it is a beverage; (2) a beverage, 
overlooking the fact that it contains milk; (3) a beverage containing milk. 

The first two approaches are wrong. The first approach is that taken by 
the courts in Florida, while the second is taken by the State of Kentucky. 
The third approach, the one that is the best, takes into consideration that the 
drink is an outlet for milk sales; yet, the fact that it is a beverage superior 
to others by the presence"of milk in it is not overlooked. Wise municipal 
regulation will set this approach as criteria in establishing chocolate milk 
legislation. C.J.B. 

459. What We Know about Homogenized Milk. F. J. Doan, Pennsyl¬ 

vania State Collgee, State College, Pa. Milk Dealer, 29 : 8, 42-52. 
May 1940. 

The advantages, disadvantages, properties and characteristics and the 
problems in the production and distribution of homogenized milk are dis¬ 
cussed. It is also pointed out that where only a medium efficiency of 
homogenization is required, the rotary homogenizer will give as good results 
as the piston; but if high efficiency of homogenization is needed, then the 
piston machine will usually give superior results. C.J.B. 

c 

460. Control of Flavor in Milk Heated to High Temperature. I. A. 

Gould, Dept, of Dairying, Michigan State College, East Lansing, 
Mich. Milk Dealer, 29 : 8, 70-76. May 1940. 

, Report of a study to determine the possibility of using a combination of 
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both copper and homogenization on high-temperatnre treated milk to con¬ 
trol the cooked and oxidized flavor. The author summarizes his work as 
follows: 

Milk heated to 180° F. and then treated with small quantities of copper 
salts will lose its cooked flavor and become oxidized. However, if the milk 
is homogenized either before or after the addition of copper, the oxidation 
is prevented and the milk in time will assume a normal flavor. 

Milk to which was added 1.5 to 2 p.p.in. of copper and which was then 
homogenized, showed practically no cooked flavor after 24 hours of storage, 
and the milk was fine-flavored even after 120 hours. When less copper was 
used, the cooked flavor disappeared somewhat more slowly. The cooked 
flavor disappeared slightly more rapidly if the copper was added at 145° F. 
than when added at 180° F. Somewhat similar results were secured when 
the copper was added after homogenization. 

The data presented herein offer a practical application of previous find¬ 
ings dealing with the cooked flavor. The results show that it is possible to 
secure an excellent, normal-flavored milk even though the milk has been 
subjected to temperatures sufficiently high to cause a strong cooked flavor 
to appear. The combination of copper salts with homogenization in a 
proper manner might be used under certain conditions to control milk 
flavors of highly heated milk. 

Proper use of the findings of this paper would permit an operator to 
prepare a milk with low curd tension, as brought about by heat and homog¬ 
enization without the disagreeable off-flavor which such milk usually pos¬ 
sesses. It is realized, however, that application of these findings in a com¬ 
mercial manner must be done with the approval of health officials. 

C.J.B. 


PHYSIOLOGY 

461. Destruction of Ascorbic Acid in the Rumen of the Dairy Cow. C. A. 

Knight, R. A. Butcher, N. B. Guerrant and S. I. Beciidel, De¬ 
partments of Agricultural and Biological Chemistry and Dairy 
Husbandry, Pennsylvania State College. Proc. Soc. Exp. Biol, 
and Med., 44 : 90, 1940. 

Neither the feeding of 100 grams and 150 grams of synthetic ascorbic 
acid mixed with corn silage nor the placing of 100 grams of ascorbic acid 
directly in the rumen through a fistula opening increased the ascorbic acid 
values of the blood plasma and of the milk when compared with those values 
obtained while the cow was on a standard ration unsupplemented with the 
vitamin, A slight increase was noticed in the amount of ascorbic acid found 
in the 24-hour sample of urine for the periods during which the vitamin 
was administered. A rapid and pronounced destruction of ascorbic acid in 
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the rumen was demonstrated by removal and analysis of samples of the 
rumen contents at regular intervals after the cow had been fed. Ascorbic 
acid added to rumen contents in vitro and stored in a dark-glass, stoppered 
bottle at 39°-42° C. disappeared at much the same rate as that of the in vivo 
experiments, R.P.R. 

462. The Effect of Certain Experimental Conditions upon the Thyro¬ 

tropic Hormone Content of the Albino Rat. C. W. Turner and 
P. T. Cupps, Department of Dairy Husbandry, University of Mis¬ 
souri. Endocrinology, 26 ; 1042, 1940. 

A study of the thyrotropic hormone content of the pituitaries of albino 
rats of both sexes, weighing between 150 and 200 gm„ following various 
periods of gonadectomy was reported. Following gonadectomy, the thyro¬ 
tropin content of the A P of both males and females was reduced slightly 
after 20 days and rather markedly after 66 days. Replacement therapy with 
estrogen at the rate of 40 r. u. and androgen at the rate of 200 gamma daily 
appeared to maintain the normal level of thyrotropin in the castrate female 
but not in the male. Thyroidectomy of male rats for periods of 40 days and 
6 months resulted in a reduction of about 50 per cent in the thyrotropin con¬ 
tent of the A P. In contrast, females similarly treated maintained their 
normal content or showed a slightly increased level of hormone. R.P.R. 

463. The Comparative Assay of Gonadotropic Substances on Rats, Mice 

and Chicks. John S. Evans, Leonard Hines, Roger Varney and 
F. C. Koch, Dept, of Biochemistry, University of Chicago. Endo¬ 
crinology, 26 : 1005, 1940. 

In the assay of unfractionated pituitary extracts, the mouse uterus was 
about 66 times as sensitive as the rat ovary, and about 10 times as sensitive 
as the chick testes. In the assay of pregnant mare serum preparation 
(gonadogen), the mouse uterus was about 60 times as sensitive as the rat 
ovary, and about 90 times as sensitive as the chick testes. In the assay of 
normal male urine preparation (prospermin), the mouse uterus was about 
90 times as sensitive as the rat ovary, and about 55 times as sensitive as the 
rat uterus. The response of the chick testes to normal male urine was doubt¬ 
ful. The mouse uterus was about 30 times as sensitive as the rat ovary to 
menopause urine preparation (gamone) and about 6 times as sensitive as 
the rat uterus. The response of the chick testes to menopause urine was 
doubtful. R.P.R. 

• 

464. Utilization of the Ketone Bodies in Normal Animals and in Those 

With Ketosis. Richard H. Barnes, D, B. Drury, P. O. Greeley 
and A. N. Wick. Department of Physiology, School of Medicine, 
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University of Southern California, and Scripps Metabolic Clinic. 

Arner. Jour. Physiol. 130; 144-150. 1940. 

The authors suggest that the production of ketone bodies by the liver and 
utilization of them by the other tissues is an important, though not neces¬ 
sarily inevitable, route for the catabolism of fatty acids. When the organism 
is in a state of ketosis, increases in metabolic rate (as in exercise) probably 
increases the rates of production and utilization of these substances. 

The results indicate that from 30 to 80 per cent of the energy require¬ 
ments of the tissues (rabbits, goats, dogs) in ketogenic states may be sup¬ 
plied by combustion of ketone bodies. 

The authors believe that more than one molecule, possibly four, of ketone 
bodies may be formed per molecule of fatty acid catabolized. D.E. 

465. Induction of Lactation in Goats with Diethylstilboestrol Dipro¬ 

pionate. S. J. Folley, Helen M. Scott Watson and A. C. Bot- 

tomley. National Institute for Research in Dairying, Reading. 

Proc. Physiol. Soe., Jour. Physiol. 9rt: 15-16. 1940. 

One gram of one per cent diethylstilboestrol dipropionate ointment was 
applied three times a week to the udders of three virgin female goats and 
daily milking begun. After a latent period of 30 days during which a few 
ml. of fluid were secreted daily, there was a sudden increase in milk yield 
to a maximum of 1500 ml. daily and then a slow decline. The milk secreted 
was normal and the milk production curve resembled a normal lactation 
curve. The results with a virgin heifer were disappointing, the secretion 
never passing the eoJostral stage. These experiments indicate that oestrogens 
may not inhibit lactation in ruminants but, at least when injected into goats 
in limited amounts, will cause udder development and copious secretion of 
normal milk without need for prolactin treatment. D.E. 

466. Glycogen and Calcification. G. E. Glock. Dept, of Physiology, 

Bedford College, University of London. Jour. Physiol. 98: 1-11. 
1940. 

It is suggested that in both tooth and bone development, the glycogen of 
the bones might first initiate the differentiation and later serve as a primary 
source of the phosphoric esters required for calcification. If this is true the 
inhibitory effect of NaF on bone calcification might be attributed to the low 
glycogen content which resulted from the administration of flourine. 

D.E. 

467. The Partition of Serum Calcium about the Time Of Parturition in 

the Dairy Cow. J. Duckworth and W. Godden. The Rowett 

Institute, Aberdeen, Scotland. J. Dairy Res. 11: 9-14. 1940. 

Data are given of the variations in the calcium ion, ultrafiltrable calcium 
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complex, non-ultrafiltrable calcium complex and protein-bound calcium at 
normal parturition in the dairy cow. All the values found for total serum 
calcium were higher a few days before calving than those found either a 
few weeks before or after calving. At the time of actual calving, however, 
there was generally a reduction of about 10 per cent in the total calcium. 

The values obtained for calcium ion (Ca + *) were generally, but not 
always, maximal at or near the time of calving. 

The values for the ultrafiltrable calcium complex and for non-ultra¬ 
filtrable calcium complex all showed a reduction at the time of calving. 

The values for protein-bound calcium were generally, but not invariably, 
increased near the time of calving. S.T.C. 

468. A Long-Term Study of the Partition of Serum Calcium in Ayrshire 
Cows. W. Godden and J. Duckworth. The Rowett Institute, 
Aberdeen, Scotland. J. Dairy Res. 11: 15-21. 1940. 

The following average fractionation of serum calcium in the dairy cow 
were reported: 

Calcium ion (Ca ++ ) 10-12 per cent. 

Ultrafiltrable calcium complex 40-45 per cent. 

Non-ultrafiltrable calcium complex about 20 per cent. 
Protein-bound calcium about 25 per cent. 

Ultrafiltrable calcium 50-53 per cent. 

S.T.C. 


MISCELLANEOUS 

469. Cold Storage Locker Operation. Anonymous. Ice Cream Rev., 23: 

11, 40. June 1940. 

This is a brief report of the second annual cold storage locker operators’ 
conference at the University of Wisconsin, April 30 to May 1, 1940. Sug¬ 
gestions for handling frozen meat products are given. J.H.E. 

470, What Shall I Use for Fuel in the Dairy Plant. S. Konzo, Eng. Exp. 

Sta., Univ. of Illinois, Urbana, Ill. The Dairy World, 19: 2, 16. 
July 1940. 

The author briefly summarizes the advantages of coal (hand and stoker 
fired), oil and gas as boiler fuels on a comparative basis. He gives the costs 
of the three types of fuel, under stated conditions, as: 3.8 cents for coal, 4.9 
cents for oil and* 7.5 cents for gas, per 100,000 B.T.U. From the data pre¬ 
sented costs under other price conditions can be readily calculated. Meth¬ 
ods by which maximum combustion efficiency may be obtained are presented. 

F.JJX 
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471. Making Figures Effective to Management. Hay C. Perkins, Adohr 

Milk Farms, Los Angeles, Calif. The Assn. Bull. Intern. Assn. 

Milk Dealers. 32nd year. No. 15: 341-346. March 1940. 

To be effective, reports should be brief, concise, definite and imaginative. 
The results of all branch plants should be included on each report for com¬ 
parative purposes. Present to management in permanent typed form only 
the reports that carry an effective message. Seven such reports are described. 

E.F.G. 

472. Problems of Internal Audit Control. Paul L. Scott, Bordens Deliv¬ 

ery Co., San Francisco, Calif. The Assn. Bull. Intern. Assn. 

Milk Dealers. 32nd year. No. 15: 347-352. March 1940. 

One purpose of internal audit control is to remove the temptation for 
the employee stealing property or money by involving at least three persons 
in a suitable system of control. The essential details of such a system are 
outlined. An effective plan of internal control should cover everyone from 
routeman to president and be sufficiently rigid so that each one will recog¬ 
nize the futility of any criminal “ intention ” in handling company trans¬ 
actions. An extensive list of references in connection with internal control 
operation and internal auditing is appended. E.F.G. 

473. Approaches to Budgetary Control through Planned Performance. 

Anson Herrick, C.P.A. The Assn. Bull. Intern. Assn. Milk 

Dealers. 32nd year. No. 15: 353-362. March 1940. 

The characteristics of budgets in industry for different purposes and 
different operations are given. It is also explained how these budgets may 
be used to control costs and operations. In situations where production is 
not uniform the unit cost basis must be used. It is believed that stand¬ 
ard cost rates are adaptable in the majority of dairy manufacturing proc¬ 
esses and are at least the most convenient and economical basis for using 
planned performance and costs as efficiency standards for the controlling 
of actual production costs. E.F.G. 

474. Is Collective Bargaining the Answer to our Labor Relations Prob¬ 

lems? Almon E. Roth, President, San Francisco Employers’ 

Council. The Assn. Bull. Intern. Assn, of Milk Dealers. 32nd 

year. No. 16: 367-382. May 1940. 

Strikes and threats of strikes have far reaching economic consequences 
in redistribution of markets. Many concrete instances # are given. The 
author addresses himself to the question: What are the chances of establish¬ 
ing peaceful labor relations through collective bargaining? The many es¬ 
sential factors in orderly collective bargaining are discussed together with 
unsolved difficulties. Conceding a conflict of interests between employer 
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and employee the author states that the most that can be hoped for is to 
develop a fair and honest attitude on the part of each of the parties toward 
the other and to insist that peaceful means be developed for settling disputes 
without costly interruptions or unnecessary hardships. E.F.G. 

475. Prevention of Fly Contamination on the Farm. L. J. Hois, Geuder, 

Paeschke & Frey Co., Milwaukee, Wis. Milk Dealer, 29: 8, 66-68. 
May 1940. 

The use of strainer covers and screened racks for milk pails and cans is 
recommended as a means of fly control. This localized control is in addition 
to the usual methods of fly control such as destroying or treating feeding and 
breeding places. C. J.B. 

476. Tackling the Distribution Problems of the Dairy Industry. L. R. 

Scafe, White Motor Co., Cleveland, Ohio. Milk Dealer, 29: 8, 
pp. 34-35, 82-84. May 1940. 

The distribution problems of the dairy industry are discussed mainly 
from the transportation standpoint. The author states that: “In the field 
of distribution lies our greatest future opportunity of cutting costs and 
increasing profits.’’ C.J.B. 

477. Proper Paint in the Dairy Plant. J. W. Thomson, Pittsburgh Plate 

Glass Co., Milwaukee, Wis. Milk Dealer, 29: 8, pp. 32-33, 61-64. 
May 1940. 

A discussion of the proper paint to use in different sections of a dairy 
plant. C.J.B. 

478. Water Supply vs. Quality in the Dairy and Ice Cream Plant. M. E. 

Parker, Beatrice Creamery, Chicago, Ill. Ice Cream Trade J., 36: 
5, 31. May 1940. 

The importance of the water supply in the production of quality dairy 
products is discussed. Since water is an ingredient used in the manufacture 
of sherbets, ices, fruit juice drinks and other dairy products, it should be 
free from sediment and objectional odors which might be imparted to the 
finished product. By tasting and smelling water which has been heated to 
100° to 120° F. the operator can usually detect obvious defects. 

The chemical character of the water used for cleaning purposes may be 
responsible for milk stone accumulation on equipment unless the proper 
cleaner is selected. 

Metallic and jrther off flavors have occurred in dairy products contami¬ 
nated with water or steam which contained impurities. The use of steam 
separators to remove impurities and the chlorination of wash water have 
been effective measures in preventing off flavor from infected water. 

W.H.M. 
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ABSTRACTS OF LITERATURE 


ADVANCE ABSTRACTS OF REPORTS TO APPEAR IN THE JOURNAL OF 

DAIRY SCIENCE 

479. Official Body and Texture Criticisms of Dairy Products Judged in 

the National Contest. G. M. Trout, William White, P.. A. 
Downs, M. J. Mack, and E. L. Fouts, American Dairy Science 
Association Committee on the Judging of Dairy Products. 

A study of the official body and texture criticisms of butter, cheese and 
ice cream samples used in the Students’ National Contest in the Judging of 
Dairy Products during the fourteen year period from 1926 to 1939 inclusive 
shows that body defects of butter were encountered but a few times, whereas 
in cheese and ice cream they were encountered in the greater majority of 
cases. Predominating body and texture criticisms were: for butter, 
“leaky”; for cheese, “open,” “weak,” “pasty” and “mealy”; and for ice 
cream “coarse” and “weak” for the frozen product, and “curdy” for the 
melting appearance. Approximately two body and texture criticisms were 
used for each sample of cheese and ice cream so criticized whereas one was 
sufficient in the case of butter. 

480. Preliminary Observations on Chemical Changes of Rumen Ingesta 

with and without Urea. M. I. Wegner, A, N. Booth, G. Boiistedt, 
and E. B. Hart. From the Department of Biochemistry, College 
of Agriculture, University of Wisconsin, Madison. 

Dry matter, fiber, ether extract, ammonia nitrogen, non-protein nitrogen, 
and total nitrogen have been determined on rumen contents of a fistula 
heifer on a basal ration of corn silage, timothy hay, and corn and oats with 
and without added urea. The level of total nitrogen and fiber found in the 
rumen material is distinctly higher than in the ration fed. Urea nitrogen 
or ammonia nitrogen when ingested as 1 to 5 per cent of the dry matter of the 
ration fed disappeared from the rumen in 4 to 6 hours after feeding. A 
definite increase in the percentage of protein nitrogen of the rumen ingesta 
was produced by adding 5 per cent urea to a low nitrogen basal ration. 

481. The Relation of Mastitis to the Level of Ascorbic Acid and Certain 

Other Constituents in Milk. E. P. Reineke, E. R. Garrison, and 
C. W. Turner, Missouri Agr. Exp. Sta., Columbia. 

The ascorbic acid content of the milk from ninety individual quarter 
samples from nineteen cows in the University of Missouri dairy herd was 
correlated with the incidence and severity of mastitis and the level of 
chlorides in the milk. 
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In early stages of mastitis the ascorbic acid of the milk was reduced about 
10 per cent and in advanced cases it was reduced by as much as 30 to 50 per 
cent. It was shown that there is a trend toward an inverse relationship 
between ascorbic acid and chloride in mastitis milk and also in the milk pro¬ 
duced following perfusion of the mammary duct system with a hypertonic 
solution. 

Long chain streptococci isolated from mastitis milk were shown to actu¬ 
ally retard the rate of oxidation of ascorbic acid in vitro. A higher ascorbic 
acid oxidase content in mastitis milk was also ruled out as a factor causing 
the reduction in ascorbic acid. 

The theory is advanced that the effect of mastitis upon the level of 
ascorbic acid in milk is exerted indirectly by producing a change in the 
selective permeability of the milk secreting cells in relation to the osmotic 
equilibrium existing between blood and milk. 

482. Antioxygenic Fractions of Oat and Soya Bean Flour. C. D. Dahle 

and D. H. Nelson, Dairy Department, The Pennsylvania State 
College. 

An attempt was made to determine the active fraction of two cereal anti¬ 
oxidants—namely, oat and soya bean flour, when used in pure buttorfat. 
Aqueous, acetone, alcohol, ether, and hexane extracts were made. A phos¬ 
pholipid extract was obtained from the flours and studied in this connection. 

In the trials studied the phospholipid and alcohol extracts exhibited the 
greatest anti-oxygenic properties in pure butterfat held at 60° C. 

483. The Riboflavin Content of Milk as Influenced by Diet. Paul John¬ 

son, L. A. Maynard, and J. K. Loosli, Laboratory of Animal Nutri¬ 
tion, Cornell University, Ithaca, N. Y. 

Experiments with cows, involving 460 determinations made over a period 
of months, showed clearly that the riboflavin content of milk can be in¬ 
fluenced only to a limited extent by the diet, When cows were transferred 
from pasture to a ration of natural feeds selected to be very low in ribo¬ 
flavin its content in the milk decreased about 25 per cent. Increasing the 
riboflavin intake 30 to 50 per cent by feeding a molasses-yeast by-product 
caused only a temporary increase in the concentration of riboflavin in the 
milk. A winter ration consisting of good quality hay, acid grass silage and 
a grain mixture maintained the milk riboflavin at the pasture level. 

Goats fed a riboflavin-free purified diet continued to secrete large 
amounts of riboflavin in the milk, indicating this factor is not a dietary 
essential for lactation in the goat. No consistent difference was observed 
in the milk yield or the riboflavin concentration when the purified diet was 
supplemented with a molasses-yeast by-product supplying riboflavin. Like- 
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wise, no advantage in milk secreted was noted between a thiamin-deficient 
purified diet and one adequate in it and other factors of the B-complex. 

The data from both cows and goats indicate that there is an inverse rela¬ 
tion between the milk yield and the riboflavin concentration of the milk. 

BOOK REVIEWS 

484. The Butter Industry. 0. F. Hunziker. Third Edition, 1940, 780 
pages, illustrated. Published by the Author, La Grange, III. Price 
$6.50. 

Since the publishing of the second edition of this authoritative work in 
1927, developments along many lines have taken place in the creamery in¬ 
dustry, and Dr. Hunziker brings this comprehensive and exhaustive treatise 
up-to-date with his usual unequaled thoroughness. New material has in¬ 
creased the volume to 769 pages of text, more than one-fourth larger than 
the second edition. The organization of the book follows the same general 
plan. 

A new chapter with much new material on steam power, refrigeration 
and water-tempering systems, is added A consideration of corrosiveness 
of refrigerating brines makes this phase of the work more complete, along 
with a discussion of boilers and feed waters. 

An entire chapter is devoted to creamery equipment—materials of con¬ 
struction, mechanical care and use. The sanitary care of the churn, one of 
the most important phases of sanitation in the production of butter of good 
bacteriological keeping quality, is given thorough treatment, and the fac¬ 
tory man will find such material extremely helpful. The hope of the sani¬ 
tarian—the all-metal churn—receives attention along with the no-roll wood 
churns of recent date. 

In the discussion of the classification of cream grades the author takes 
his accustomed strong stand on the necessity for cooperation among all com¬ 
ponents of the industry in paying for cream on a quality basis in order for 
progress in cream improvement and quality of butter to occur. A system of 
grading cream looking toward the establishment of a national brand of 
American butter is suggested. 

The introduction in recent years of steam-injection pasteurization has 
added new material to the chapter on pasteurization, and the increased im¬ 
portance of fat losses in buttermilk with this system of pasteurization is 
discussed. Recent developments in the treatment of cream for the removal 
of objectionable flavors and odors are described and the author draws on his 
wide experience in this field in evaluating the merit of the various pro¬ 
cedures. 

The chapter on starter-making and cream ripening is valuable in bring¬ 
ing the reader up-to-date on the essentials of the progress that has been 
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made in recent years with the recognition of the role of diacetyl and aeetyl- 
methylcarbinol in the production of the desired flavor in butter. 

The churning process itself, the focal point of butter-making, is dealt 
with exhaustively from theoretical as well as practical viewpoints. The pH 
of butter and its relation to churning acidity of the cream are discussed, as 
well as the significance of the pH of butter in the determination of keeping 
quality in cold storage. 

The chapter on packaging butter brings this important subject up-to- 
date. Apparently, foreign countries have gone further with the packaging 
of butter direct from the churn than the IJ. S. Undoubtedly, this phase of 
the butter industry will see further developments in the next few years. 
The chapter on “Markets and Marketing of Butter” contains new material 
on the intricacies of trading in “futures / f and the new “Official U. S. 
Standards for Quality of Creamery Butter, ” effective April 1, 1939, are 
given in detail. 

“Butter Defects” occupies, as a chapter, the prominent position in point 
of increased size and detail of development that its importance warrants. 
The student and research worker will find in this chapter a thorough devel¬ 
opment of the problems of butter quality that face the industry, and in the 
presentation of unsolved problems, a stimulus to continued and thorough 
investigation. “Surface taint” and allied defects in flavor of butter, due to 
bacterial decomposition of the protein, have been subjected to much careful 
investigational work in recent years. The rise of this type of defect in 
butter in this country, and the present status of the problem are presented 
with definite suggestions as to means of prevention. The research worker 
in bacteriology will find this subject intriguing. New information on de¬ 
fects in body and texture* is made available, especially for the prevention 
of crumbly and sticky body, so commonly found in winter butter in this 
country. 

In format the third edition is patterned after the second and presents a 
physical appearance that will be a credit to any library. The broad scope of 
the work, embracing as it does all phases of the butter industry, assures that 
it will follow its predecessor in an international circulation among practical 
buttermakers, students, research workers, and officials of law-enforcing 
agencies. W. A. Cordes 

485. Applied Mycology and Bacteriology. L. D. Galloway and R. Bur¬ 
gess. Price $4.00, 186 pages, illustrated. Distributed by Chemi¬ 
cal Publishing Co., Inc, 148 Lafayette St., New York, N. Y. 

This book presents a brief summary of the recognition, methods of 
handling, and control of microorganisms of special interest to industry. 
Due to the breadth of the field treated the discussions necessarily omit de¬ 
tailed information on many of the subjects included. Numerous references, 



BOOK REVIEWS 


A177 


however, enable the reader to use this book as an introduction to the various 
fields of applied mycology and bacteriology. 

The contents of the book are as follows: Part I. Fungi, bacteria, appa¬ 
ratus and sterilization, isolation and examination of microorganisms, culture 
media and stains, metabolism of microorganisms, control of microorganisms. 
Part II. Food industries, fermentation industries, textile industries, hy¬ 
giene, agricultural applications, miscellaneous. 

The practical dairyman and research worker in the dairy field will find 
only a brief treatment of their subject. Chapters on food industries, fer¬ 
mentation industries and particularly textile industries present very good 
general discussions. 

This book is well written throughout. It should prove useful to the stu¬ 
dent as a supplementary text and to the industry as a guide to information 
on the recognition, methods of handling, and control of microorganisms in 
the food industry. P.R.E. 

486. Milk Distribution as a Public Utility. W. P. Mortenson, Univ. of 
Wis. July, 1940. 213 pages. Price $2.50. Published by Univer¬ 
sity of Chicago Press, Chicago, 111. 

The reviewer is desirous of stating at the outset that in the light of its 
title, this book definitely is not of the Union Square soap-box oratory type. 
The author has based his discussion of the subject with facts in the study of 
operating costs of many milk plants, mainly in Wisconsin. Nor is the book 
a ponderous statistical handbook. It contains a number of selected sum¬ 
marized tables that present the points the author is making. 

As a background there is an interesting review of the economic philoso¬ 
phies that have lead to the type of dairy organizations, both large and small, 
such as we know today. Whether these businesses fall into the category 
of public utilities is defined by describing what constitutes a public utility. 
Operating a milk business in a community as a utility means, concisely, con¬ 
solidating the motions in the business. The author has discussed specifically, 
the potential savings that would evidently be possible by unifying the opera¬ 
tions of the several plants in a municipality. The estimates are derived 
from the knowledge of what men, machinery and time are doing, and what 
these factors reasonably can do. The potential efficiencies are cited for the 
various items of cost, as plant equipment, plant labor, distribution and so 
forth. Nor are the probabilities of not making savings overlooked in this 
review. An interesting confirmation of the appraisal of the benefits of con¬ 
solidation is in part shown by the review in a chapter of the profits of large 
and small companies for various years, • 

What are the possibilities of legal sanction of unification of the milk 
business? The author has presented in a chapter excerpts of cases (prin¬ 
cipally U. S. Supreme Court) involving other businesses of the same general 
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nature determining whether they fell into groups having great liability to 
public interest The Supreme Court has not ruled on the legality of the 
exclusive-franchise for operation of a unified milk business. There are indi¬ 
cated the legal precedences which might make such regulatory action pos¬ 
sible, and the factors which favor or dis-favor this possibility. The poten¬ 
tial problems of either public ownership, and public utility operation of the 
milk business are cited. The inherent differences that exist between the 
normal utilities, as gas, electric and water companies and a unified milk 
business, and the relative effect of factors on the operation of these busi¬ 
nesses are presented. Lastly, who stands to benefit by the institution of a 
unified milk distribution system ? Certain groups, as for example organized 
producers, it is stated, are better off with the competitive rather than with 
the unified system. 

Technically, there is little doubt that unification of operations could bring 
about reduction of costs from 1J to 2| cents per quart. But the social im¬ 
plications, the selection of capable and honest management, freedom from 
political interference, price determination and the like are activities which 
are unpredictable, and which may defeat any technical advantages of uni¬ 
fication. The outlook for a unified system is concluded. This book is read¬ 
able, understandable, impartial in presentation. It is of value to all asso¬ 
ciated with the dairy industry, and those in or aspiring to public office, as an 
excellent review and discussion of the contemporary social problem of the 
industry. K.G.W. 

487. Fruit Pectins. Their Chemical Behavior and Jellying Properties. 

C. L. Hinton, Dept, of Scientific and Industrial Research, Great 

Britain. Food Investigation Special Report No. 48. 96 pages, 

Price $1.75. Published by Chemical Publishing Co., Inc., 148 

Lafayette St., New York. 

The information presented is based on work conducted by the staff of the 
British Association of Research for the Cocoa, Chocolate, Sugar Confection¬ 
ery and Jam Trades. The divisions in the book include the constitution, 
characterization, measurement of jelly-forming capacity and chemical prop¬ 
erties of pectins. The data on pectins from five fruits (oranges, lemons, 
apples, gooseberries and strawberries) is presented. The effects of heating, 
acids, alkalies, and salts, the methods of extraction and the action of pectase 
on the various pectins is reviewed. The data is excellently illustrated by 
the use of graphs (13) and tables (42). The jellying power of pectins is 
dependent upon its inherent quality (some are naturally weak, others nat¬ 
urally strong), *the degree of heating to which it has been subjected, and 
effects of treatment with strong acids at ordinary temperatures or less. The 
jellying power of pectins as exhibited by the pectins in jellies is further 
affected by the degree of de-esterification caused by acids or pectase action, 
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pH conditions as fixed by buffering constituents or neutralization of the free 
acid of the pectins, and the beneficial effect of some salts (calcium chloride, 
for example, increases the pH range over which a pectin makes suitable 
jellies). 

There is no specific reference to the use of pectins in milk products. 
Nevertheless, the properties of the pectins are very well covered and the 
information will be of use to manufacturers of, and research workers in, 
products such as fruit ice cream pies, fruit ice cream flavors, and special 
products as spreads. K.G.W. 


BACTERIOLOGY 

488. Oxidase-Positive Bacteria in Dairy Products. C. H. Castell. Can. 

Dairy and Ice Cream J., 19: 5, 26. 1940. 

“Oxidase-producing ’ 9 bacteria are responsible for the spoilage of fatty 
foods by oxidation. They also hydrolyze the fat and bring about rapid 
decomposition of proteins. Those giving very strong reactions included all 
the members of the Pseudomonas and Achromobaeter genera. Individual 
members showed the following defects in cream and butter: potato odor, sur¬ 
face taint, cheesiness, limburger, putridness and rancidity. Organisms giv¬ 
ing a less marked reaction were those of the Brucellus and Alcaligenese 
genera and the Gram negative organisms from soil and diseased plants. 
Oxidase-negative organisms included most coccus types and a large majority 
of spore-forming bacteria. Most molds isolated from butter were strongly 
oxidase-positive. No oxidase-positive organisms were found in aseptically 
drawn milk. Oxidase-positive organisms were found in great numbers in 
molasses, corn silage, dust, decaying plant tissue, soil and surface waters and 
butter. Directions for making the oxidase test are given. O.F.G. 

489. The Effect of pH on Growth and Gas Production by Streptococci 
* and Lactobacilli. J. G. Davis and C. C. Thiel, The Natl Institute 

for Research in Dairying, Univ. of Reading, Reading, England. 

J. Dairy Res., 10: 455-463. 1939. 

The pH ranges of growth of streptococci and lactobaeilli in dextrose yeast 
casein digest broth was studied. Nearly all the group I and II streptococci 
grew at pH 8.8, but only the enterococci grew at pH 4.8. All group III 
types (heterofermentative) grew at pH 4.4. Only a few lactobaeilli grew 
at pH 8.8 but most were able to grow at pH 4.0. S. cremoris could be differ¬ 
entiated from 8. lactis by failure to grow at pH 9.2. S.T.C. 

490. Bacteriophage-organism Relationships in the Group of Lactic Strep¬ 

tococci. H. R. Whitehead and G. J. E. Hunter, Y)airy Research 

Institute, Palmerston North, New Zealand. J. Dairy Res., 10: 

403-409. 1939. 

Methods are described for the isolation and purification of bacteriophages 
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active against lactic streptococci. The relationships between nine appar¬ 
ently distinct phage races and eleven strains of lactic streptococci were 
studied. The phages were found to show a tendency toward strain speci¬ 
ficity, although some of the races attacked up to four different strains. Re¬ 
sistant strains usually were found to arise on continued incubation of lysed 
cultures. Cross resistant tests, in those cases where two or more phages act 
on one strain of streptococci indicated that the relationships between the 
phages does not follow any simple rule. S.T.C. 

491. Biennial Reviews of the Progress of Dairy Science. Section B. 

Bacteriology and Mycology Applied to Dairying. J. Dairy Res., 
10: 515—549. 1939. 

A review of literature published principally during 1937-1938 under the 
following headings : 

I. Milk control 

Technique 

II. Micro-organisms in milk and milk products 

(a) Coli-aerogcnes group 

(b) Spore-bearing bacteria 

III. Lactic acid and allied fermentations 

(a) Bacterial metabolism 

(b) Lactic acid bacteria 

(c) Starters 

(d) Cheese 

(e) Butter 

IV. Pasteurization and pther processes 

(a) Pasteurization 

(b) Other processes 

(c) Canned and dried milk products ♦ 

(d) Ice cream S.T.C. 

492. Examples of Variation within Pure Cultures of Streptococcus cre- 

moris. G. G. E. Hunter, Dairy Research Institute, Palmerston 
North, New Zealand. J. Dairy Res., 10: 464-470. 1939. 

Variability within pure strains of Streptococcus cremoris was demon¬ 
strated. In one strain changes in acid producing power were made evident 
by changes in colony form. One variant failed to ferment lactose but was 
still susceptible to the specific race of bacteriophage and exhibited the same 
morphology as,the parent culture. Variation was well marked within some 
strains, especially in regard to acid production, response to high tempera¬ 
ture conditions, power to produce ropiness in milk and degree of resistance 
to phage attack. S.T.C. 
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493. The Enrichment of aerogenes-cloacae Types in Milk Held at Low 

Temperatures: with Observations on the Relative Rates of 
Growth of aerogenes-cloacae and B. coli Types in Milk at Differ¬ 
ent Temperatures. James F. Malcolm, Dept, of Bacteriology, 
The West of: Scotland Agricultural College, Glasgow, Scotland. 
J. Dairy Res., 10: 410-425. 1939. 

Cultures of B. acrogcncs, B. ox y locus and B. cloacae types were found 
as a rule to multiply much more rapidly when grown at 17° C. in sterilized, 
partly sterilized or raw milk than those of the B. coli types. Counts were 
made by the plate method using milk agar. With mixed cultures grown in 
milk the aerogenes-cloacae type multiplied more rapidly at 17 and 22° C. 
than the B. coli , while at 30 and 37° C. the reverse was the case. Twelve 
specimens of bovine feces were inoculated into raw milk and the cultures 
kept at 17° C. for 36 hours. Acroge ms-cloacae types occurring in the 
feces became enriched in the milk, the coliform flora at the end of the incu¬ 
bation period frequently consisting chiefly of these types. 

The author explains the greater incidence of acrogcnes-cloacac types in 
summer milk in Scotland as compared with winter milk, as due to enrich¬ 
ment of these types at the temperatures of holding commonly employed in 
the summer. Such enrichment does not occur in the winter since the hold¬ 
ing temperature as a rule is so low that there is little or no proliferation of 
any coliform types. S.T.C. 

BUTTER 

494. A Discussion of Some Phases of Butter Deterioration. E. G. Hood, 

Elgin Annex, Ottawa, Out. Can. Dairy and Tee Cream J., 19: 4, 
54. 1940. 

Real quality in butter means quality at the time the butter is consumed. 
Without quality cream there can be no quality butter. Flavors that appear 
in the cream are nearly certain to reappear in the butter unless specially 
treated and this treatment adds to the cost of manufacture. The age of the 
cream is one of the major factors controlling the quality of butter since time 
is required for harmful bacterial action and oxidation of the fat to take 
place. Not all sweet cream makes good flavored butter. Chemical deteriora¬ 
tion resulting in off-flavor is due to oxidation, hydrolysis or catalysis of any 
of the constituents normally present in milk. Considerable quantities of 
butter now find their way into the second grade class as the result of surface 
flavor defects. Bacterial deterioration of the fat and protein of butter 

results in further flavor defects. O.F.G. 

« 

495. The Neutralization of Cream for Buttermaking. I. The Accuracy 

of Acid Reduction by Various Neutralizers. R. C. Townley and 
I. A, Gould. Can. Dairy and Ice Cream J., 19: 5, 54. 1940. 

The accuracy of acid reduction is dependent upon (a) the type of neu- 
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tralizer used, (b) the degree or extent of acid reduction, and (c) the tem¬ 
perature of pasteurization. Each of the neutralizers showed a distinct 
variation from the linear reduction of acidity. As the acidity ranges were 
lowered all of the neutralizers decreased in efficiency. Caustic soda and the 
limes were more efficient than the carbonates in reducing acidity throughout 
the entire range. The pH of the butter was always above that of the cream 
from which it was made. O.F.G. 

496. “Vacreating” Cream. R. W. Brown, Univ. of Manitoba, Winnipeg, 

Man. Can. Dairy and Ice Cream J., 19: 3, 21. 1940. 

Cream for buttermaking was treated in a “vacreator” which is essentially 
a flash pasteurizer working under reduced pressure. It is claimed that 
the cream reaches the pasteurizing temperature (201° F.) in one second and 
leaves the pasteurizing chamber in two seconds after entering. The cream 
passes from the pasteurizer to a second chamber under a vacuum of about 20 
inches where volatile substances are drawn off. Butter made from “vac¬ 
reated” cream of clean flavor and acidity was 1.08 points better in flavor 
score at the end of 4-6 weeks held at 45°-50° F. than was butter made from 
the same cream but pasteurized in the usual way. Butter made from high- 
acid stale cream and held under the above conditions showed an advantage 
of 2.08 points in flavor score in favor of the vacreated cream. The advantage 
for vacreated butter made from feed and weed flavored cream was 3.59 point, 
and from metallic flavored cream, 2.46 points. More efficient neutralization 
was brought about in vacreated cream than in pasteurized cream. O.F.G. 

497. Preparing Prize-winning Butter. L. C. Thomsen, Univ. of Wis., 

Madison. Nat. Butter and Cheese J., 31: 7, 10. July, 1940. 

Suggestions are given to the man who is making butter for a contest. 
They cover the selection, standardization, pasteurization, cooling, ripening, 
and churning of cream; washing, salting and working the butter; finishing, 
filling, identification and shipment of the tub. W.V,P. 

CHEESE 

498. Factors Influencing Cheesemaking Methods and Yields. W. S. 

Arbuckle. Can. Dairy and Ice Cream J., 19: 4, 60. 1940. 

The author describes some of the physico-chemical phenomena and rela¬ 
tionships in milk and in cheese. The roles of fat, casein, ash and lactose and 
their influence ou color, flavor and body of cheese are discussed. Water has 
a definite influence on the body of cheese because it supplies a medium for the 
chemical breakdown of the casein during ripening. The problems of pas¬ 
teurization of milk for cheesemaking, of mastitic milk, of the treatment of 
the cheese curd and of the influence of temperature on ripening are dis¬ 
cussed. O.F.G. 
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499. The Bacterial Flora of New Zealand Cheddar Cheese. I.R. Sher¬ 
wood, Dairy Research Institute, Palmerston North, New Zealand. 
J. Dairy Res., 10: 426-448. 1939. 

Seven hundred and twenty strains of lactic acid bacteria isolated from 
thirty-six typical cheddar cheeses were classified. Streptobacterium plan- 
tarn m was found to be the dominant organism in New Zealand cheese. 
Streptobacterium casei occurs much less frequently, while betabacteria and 
betacocci are found in still smaller numbers. The flora of good quality 
cheese was found to consist mainly of one or two varieties of Streptobac¬ 
terium plant arum , often associated with Streptobacterium casei or a small 
proportion of betabacteria. 

Streptobacterium casei. in general was found to be beneficial to cheese 
quality. The strains of Streptobacterium plantar uni isolated were grouped 
in four varieties, mainly on the basis of sugar reactions. One variety was 
beneficial to cheese quality, another had very little effect, while the remaining 
two varieties produced serious defects—bad flavors, discoloration and, oc¬ 
casionally, open textiire. The same defects were produced by the most of the 
strains of betabacteria and betacocci when present in large numbers. 

S.T.C. 

pOO. Lactic Acid Bacteria in Relation to Cheese Flavor. II. Observa¬ 
tions on the Inoculation of the Milk Employed in Cheese Manu¬ 
facture with Lactobacilli. I. R. Sherwood, Dairy Research Insti¬ 
tute, Palmerston North, New Zealand. J. Dairy Res., 10: 449-454. 
1939. 

Attempts were made to improve the flavor of cheese by inoculation of 
good quality pasteurized cheese milk with selected strains of Streptobac¬ 
terium casei and Streptobacterium plantar urn. Large inoculae imparted 
a sharpness to the flavor of the cheese especially during the early stages of 
ripening. The best results were obtained when the inoculum was such 
that the numbers of lactobacilli added were not much greater than the num¬ 
bers of such organisms ‘ 4 naturally ” present in raw milk, e.g., 10 ml. of clotted 
culture to 80 gallons of cheese milk. The author suggests that under factory 
conditions the lactobacilli might be propagated by the incorporation in the 
“mother” starter (enriched with a vegetable extract) of suitable strains of 
Streptobacterium plantar urn. S.T.C. 

501. Mastitis and Cheese Milk. 0. K. Johns, T. J. Hicks, and C. A. Gib¬ 
son, Central Experimental Farm, Ottawa, Out. Can. Dairy and 
Ice Cream J., 1.9: 5,19. 1940. • 

Yields of cheese from “abnormal” and “agaiactive” milk w r ere found to 
be low r er than those from normal milk by about 5 per cent. No appreciable 
differences in the quality of the cheese from the 3 groups was noted. All 
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milks appeared perfectly normal and abnormalities were detected by bio¬ 
chemical or bacteriological tests. Udder injections increase the catalase 
content of milk and a method for measuring this enzyme seemed most promis¬ 
ing for factory use. O.F.6. 

502. Manufacture and Packaging of Cheese in a Labeled Consumer-size 

Package. H. L. Wilson, Bureau of Dairy Industry, U. S. Dept, 
of Agr. Milk Dealer, 29: 10, 94-101. July, 1940. 

A description is given of the proper methods to use in the processing, 
canning, and curing of cheese in order to insure a product of good uniform 
quality. The author concludes with the following statements: “High-acid 
cheese or cheese made from low-grade milk should not be canned. High- 
acid cheese never develops the characteristic flavor or improves with aging.* 
The quality of the cheese varies directly with the quality of the milk from 
w T hich it is made. * ’ C. J.B. 

503. The Application of the Frozen Pack Method to Preservation of Soft 

Cheese. N. S. Golding and Max E. Morgan, Dept, of Dairy Hus¬ 
bandry, Agr. Exp. Sta., State College of Washington, Pullman, 
Wash. Milk Dealer, 29: 9, 42-46. June, 1940. 

A report of experimental work to determine the application of the frozen 
pack method to the preservation of soft cheese. The authors conclude that 
Gervais cream cheese, Neufehatel and Neufchatel with pimento flavor are 
suited for frozen pack preservation. The limit of time for such storage 
under these conditions has not been determined, but a period of 10 weeks 
can be considered safe. Off-flavors and defective cheese, in general, will 
retain these defects during storage. C.J.B. 

504. Fly Control in Cheese Factories. Hugh Glasgow, N. Y. State Agr. 

Exp. Sta., Geneva. Nat. Butter and Cheese J., 31: 7, 23. July, 
1940. 

Guarding the cheese factory from flies is made difficult by the number 
of species involved and their varied breeding habits. The house fly, blow 
flies, blue bottle flies and little house fly originate in filth or decaying animal 
matter. Immature midges live in ponds or streams while fruit flies or 
vinegar gnats develop in fermenting materials like fruits or milk refuse. 
The cheese maker should keep the flies out of the factory by keeping it dark 
by drawn shades and use of orange colored lights; by excluding them with 
screens supplemented by electrical screens; by eliminating breeding places; 
by using strong fly sprays ahd repellants around the outside whey tank and 
receiving platform; and by using odorless fly sprays and fly paper within 
the plant. W.V.P. 
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CHEMISTRY 

505. Analysis of Commercial Fats and Oils. Keport of Amer. Chem. Soc. 

Committee. Ind. and Eng. Chem., Anal. Ed., 12: 7, 379-384. 

1940. 

This report gives details of methods of analysis which have been inves¬ 
tigated and studied by the committee for a period of 2 to 3 years: The six 
methods which are recommended for adoption are: (1) the titer which gives 
the solidification point of fatty acids and in which a few changes have been 
made: (2) the modified Gardner break test which is applicable to crude soy¬ 
bean oil; (3) the detection of tristearin in lard which is applicable to the 
detection of foreign fats containing tristearin (beef fat) in unhydrogenated 
pork fats; (4) the Villavecchia test for the qualitative detection of sesame 
oil; (5) the method for calculation of the hydroxyl value for fat or wax 
which has been included with the acetyl value determination; (6) the smoke, 
flash and fire points applicable to animal and vegetable oils and fats. 

B.H.W. 

506. Assay of Vitamin A with the Photoelectric Colorimeter. R. B. 

Frencii, Fla. Agr. Exp. Sta., Gainesville, Fla. Ind. Eng. Chem., 

Anal. Ed., 12: 6, 351-352. 1940. 

The accuracy of measuring vitamin A using the Ceneo photelometer and 
the antimony trichloride reaction was investigated. The photelometer gave 
consistent, reproducible results in spite of the fact that the characteristic 
blue color faded rapidly. With close timing replicate determinations 
checked well. B.H.W. 

507. Making Casein Fiber. E. O. Wiiittiek and S. P. Gould, Bureau of 

Dairy Industry, TJ. S. D. A., Washington, D. C. Ind. Eng. Chem., 
, 32: 7, 906-907, 1940. 

To make casein fiber casein is precipitated at a greater acidity than is 
ordinarily used in the manufacture of casein for other purposes. The kind 
and amount of acid used affects the fiber made from it. The casein is dis¬ 
solved in an alkaline solvent such as NaOH, Na ; ,P0 4 . NII 4 OH. Salts of 
metals such as aluminum, calcium and barium should be present in the 
casein solution to increase the strength of the fiber. Fat acids such as oleic 
acid, linseed oil acids or others are added to the casein solution to increase 
flexibility. The casein solution is extruded through fine openings into a 
precipitating bath containing such an acid precipitant as sulfuric, phos¬ 
phoric or acetic acid. The presence of 20 per cent glucose in the bath in¬ 
creases the speed of dehydration of the fiber. Formaldeh/de or other alde¬ 
hydes further increase the strength of the fiber and oil emulsions increase 
its softness and flexibility. Two examples of recipes giving relatively 
strong flexible fiber are given. B.H.W. 
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508. Lactic Esters, Preparation and Properties. Lee T. Smith and H. V. 

Claborn, Bureau of Dairy Industry, U. S. D. A., Washington, D. C. 

Ind. Eng. Chem., 32: 5, 692-694. 1940. 

Since lactic acid may be manufactured from whey its utilization is 
important to dairy processors. 

This paper reports the general methods of preparation and the prop¬ 
erties of the 3 types of lactic esters which may be made from lactic acid. 
Some of the methods of preparation have commercial possibilities. A table 
giving some physical properties of 30 esters is given. B.H.W. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

509. Une Methode Rapide pour TEstimation des Propertetes filastique 

et Plastique de la Caseine a la Pressure. (A Rapid Method of 

Estimation of the Elastic and Plastic Qualities of Rennet Casein.) 

G. Genin. Le Lait, 20: 291-296. May-June, 1940. 

The use of casein in the plastic industries is hindered because of the 
marked variation which exists from one batch of raw casein to the next. 
C. A. Cooper (Brit. Plastics, March, 1939, p. 572) found that the Scott 
apparatus used by rubber manufacturers could be adapted to determine the 
deformations and elasticity of casein samples under heat and pressure. 

Cylinders of casein are moulded under standard conditions and then 
subjected to three minutes pressure at 120° C. The temporary deforma¬ 
tion, permanent deformation and elasticity can then be obtained by mea¬ 
suring the changes in height which occur in the test pieces. 

Highly elastic caseins are difficult to mill and shape. There is no strict 
relationship between the elastic properties of casein and pH although most 
of the superior New Zealand and Australian samples gave higher values for 
both pH and ash content. O.R.I. 

510. Le Controle Hygienique du ‘Lait Concentre Sucre/ (The Hygienic 

Control of Sweetened Condensed Milk.) C. A. Cecilia, Vet. 

School, Madrid. Le Lait, 20: 271-279. May-June, 1940. 

During the Spanish civil war, large quantities of sweetened condensed 
milk of foreign origin were used in Spain. Defects present in 149 samples 
studied by the author are reported upon. Cans were examined for swelling 
and leaking externally, and for odor, color, taste and abnormal viscosity 
after incubation. Fifty ml. of a 1: 5 dilution was also examined by inocu¬ 
lation in peptone water, Breed count, plate count on glucose, agar, reduc¬ 
tase, acidity and sediment. 

In many cases, swollen cans contained rancid, fruity, cheesy or sour 
milk. Bacterial flora included cocci, Torula and spherical yeasts, spore¬ 
forming rods, and some moulds. Counts were much higher than are usually 
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reported for sweetened condensed milk. Excessive thickening usually 
accompanied high counts. Oily and tallowy flavors were only reported in 
five samples. 

Incubation of suspicious cans for 48 hours and determination of acidity 
appeared to be the most reliable method of testing the quality of this 
product. O.R.I. 

511. The Denaturation of the Soluble Proteins of Whey by Heat. 0. R. 

Irvine and W. H. Sproule, Ontario Agr. College, Guelph, Out. 

Can. Dairy and lee Cream J., 19: 3, 62. 1940. 

Pasteurization temperatures higher than 155° F. result in the denatura¬ 
tion of whey albumin. It was found that long holding times did not greatly 
increase the percentage of protein denatured except when the pasteuriza¬ 
tion temperature was 74.9° 0. and the pH 6.135. An appreciable amount 
of protein denaturation may be expected even at a relatively low tempera¬ 
ture of pasteurization. Denaturation (‘an be greatly reduced if pasteuriza¬ 
tion of the whey can be carried out at a lower level of acidity. O.F.G. 

512. Factors Affecting the Solubility of Milk Powders. IV. The Influ¬ 

ence of Speed and Duration of Stirring on Solubility with 

Description of a Rapid Method for Solubility Determinations. 

J. R. Ilow at, J. A. B. Smith, R. Waite, and N. C. Wright, The 

Hannah Dairy Research Institute, Ivirkhill, Ayr. J. Dairy Res., 

10: 498-514. 1939. 

Increases in the speed and duration of stirring were found to increase 
the apparent solubility of milk powders. It was concluded, however, that 
30 seconds shaking of the powder reconstituted in a 10 per cent mixture was 
sufficient to dissolve the truly soluble portion of the dried milk, but that the 
protein which has become denatured during the drying process tends to 
pass into solution with increased speed and duration of stirring. 

The following method is suggested for solubility determinations: “1 g. 
of the powder to be tested is weighed into a 15 ml. centrifuge tube. About 
2 ml. of water are added from a burette and the mixture stirred well with 
a glass rod which had been previously wetted. When all the powder has 
become thoroughly moistened, more water is added until a total of 9 ml. 
has been run in, the stirring rod being washed with the last few ml. of 
water. The tube is then stoppered and kept in a water bath either at 20 or 
50° C. for 5 min. and is then shaken rapidly for 1 min. The shaking speed 
will affect to some extent the solubility figure finally obtained, but if the 
process be carried out as vigorously as possible, involving*some 5-6 com¬ 
plete double excursions per second, very close agreement is obtained by 
different workers for the same sample. If it is desired to estimate the 
solubility at 50° C. the tube is shaken inside a container lined with cotton 
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wool to conserve the heat. The tube is then cooled to room temperature 
and centrifuged, the supernatant layer poured off as completely as possible 
(including the fat if the sample is a whole-milk powder), and its total solids 
content estimated by the rapid method of Golding. The ratio of the dis¬ 
solved solids to the solids initially present (expressed as a percentage) is 
taken as an index of the solubility. The initial solids must be corrected for 
moisture content . 9 9 

At higher solubilities the sediment volume found in the sediment method 
was shown to be a fairly reliable guide to small changes in solubility, but 
was much less accurate in the lower solubility ranges. S.T.C. 

Note: This method is in variance with the accepted method recom¬ 
mended by the Dry Milk Institute. 

DISEASE 

513. Action of Gramicidin on Streptococci of Bovine Mastitis. It. B. 
Little, R. J. Dubois, and R. D. Hotchkiss, Depts, of Animal and 
Plant Pathology and the Hospital, Rockefeller Inst, for Med. Res. 
Proe. Soc. Exp. Biol, and Med., 44 : 444. 1940. 

An attempt was made to determine if gramicidin, an alcohol-soluble 
substance isolated from cultures of a sporulating bacillus, would destroy 
the streptococci causing mastitis when injected into the infected quarter. 
Repeated treatments of 2 animals suffering from chronic mastitis failed to 
eliminate permanently the streptococci from the infected quarters. Three 
cows with 9 infected quarters were treated with gramicidin. In 2 quarters 
repeated treatment failed to eliminate the streptococci while 5 treatments 
were required to sterilize one of the quarters. Repeated treatments resulted 
in a decreased milk flow. In the remaining 6 quarters (in 5 cases after a 
single injection) the streptococci disappeared without an appreciable de¬ 
crease in milk secretion. It was concluded that “ Before the effectiveness 
of gramicidin in the control of bovine mastitis can be determined, a larger 
number of animals must be treated and observed over a longer period of 
time.” R.P.R. 


FEEDS AND FEEDING 

514. Chemical Changes in Phosphoric Acid Silage. Edouard Pag£ and 
L. A. Maynard, Cornell Univ., Ithaca, N. Y. Ind. Eng. Chem., 
32 : 8, 1140—1143. 1940. 

Grass silage, constituting of 62.2 per cent clovers, 19.8 per cent alfalfa, 
16.2 per cent grasses and 1.8 per cent weeds and from 0 to 24 lbs. of 68 per 
cent phosphoric acid per ton of silage added to different layers, was sub¬ 
jected to chemical analysis after 8 to 9 months in the silo. The layers of 
silage were separated by waterproof rubber sheets and it was found that 
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the position of the layer markedly influenced the quality of the final pro¬ 
duct. To counteract this effect of position, for experimental purposes, the 
treatments applied to the lower layers were repeated in the upper half of 
the silo. The appearance and odor of all layers were good but analysis 
showed that the higher quality of some samples was due to the presence of 
lactic as well as phosphoric acid. The chemical evidence shows .phosphoric 
acid to be of definite value as a preservative but that its action must be sup¬ 
plemented by a strong lactic acid production for best results. B.H.W*. 

515. The Effect of Increased Iodine Feeding upon the Iodine Content of 

Cow’s Milk. N. L. Matthews, G. M. Curtis, and J. H. Meyer, 

Dept, of Research Surgery, The Ohio State Univ., Columbus, Ohio. 

J. Dairy Res., 10 : 395-402. 1939. 

The milk and blood iodine of a herd of thirty Guernsey and thirty Hol¬ 
stein cows was determined previous to and during prolonged increased 
iodine feeding to one-half of the herd. The increased amount of iodine 
was mixed with the grain ration, 3.2 mg. per cent of iodine as potassium 
iodide being added. 

The blood iodine of the iodized cows was greatly and uniformly in¬ 
creased. The milk from the iodized cows contained 7 to 26 times as much 
iodine as that from the control cows. An average milk iodine of 80 mg. per 
cent was obtained from the iodized cows throughout a mid-year period of 5 
months. During late spring, however, the milk iodine from both the iodized 
and control cows was unusually low. During early autumn the milk iodine 
from the iodized cows was low. S.T.C. 

516. Grass Silage. G. Roiistedt, W. II. Peterson, and F. W. Daffee, 

Univ. of Wis., Madison, Wis. Circ. 299, 20 pages. May, 1940. 

\ popular treatise dealing with the characteristics of, methods of har¬ 
vesting, preserving, cost of putting up and the feeding of grass silage. 

W.E.P. 

517. Home-grown Grains and By-Products as Feeds for Dairy Cattle. 

. D. L. Fourt and F, W. Atkeson, Univ. of Idaho. Ext. Circ. 68. 

Revised April, 1940. 

In addition to a general consideration of the characteristics of a good 
ration suitable grain mixtures are given for roughages of different protein 
contents. W.E.P. 

518. Dehydrated and Sun-Cured Hay. S. I. Beciidel, A. W. Clyde, C. O. 

Cromer, and P. S. Williams. Pa. Agr. Exp. Sta. Bull. 396. June, 

1940. 

Tests with two types of artificial driers are reported: the rotary drum, 
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high temperature style; and the conveyor, low temperature style. Hay of 
superior feeding value for dairy animals can be produced regardless of the 
weather. The cost of drying is as yet too high to compete with sun-cured 
hay for dairy stock, though it is being used considerably in poultry feeds. 
The crushing process for hastening natural drying has much promise of 
usefulness in the humid sections of the country since it reduces damage to 
hay by dews and rains. Under favorable conditions, hay cut with a 
crusher-mower in the morning can be stored that afternoon, whereas mower- 
cut hay must be left in the field until the next day. Author’s Abstract 

519. Bone Meal versus No Bone Meal in the Dairy Ration. S. I. Becii- 

del, P. S. Williams, J. F. Siiigley, and A. A. Borland. Pa. Agr. 
Exp. Sta. Bull. 395. June, 1940. 

A total of 117 lactation periods of 33 dairy cows was studied in a com¬ 
parison of bone meal versus no bone meal in the concentrates fed. The 
data obtained on the weight and health of calves and the number of services 
necessary for conception are slightly favorable to bone meal. The results 
on milk production lead to the conclusion that the ordinary Pennsylvania 
dairyman, unless he has unusually high producers, does not need to add 
bone meal to the dairy ration. Author’s Abstract 

FOOD VALUE OF DAIRY PRODUCTS 

520. Le Taux de la Vitamine C du Lait de Vache et son Importance dans 

l’Alimentation Infantile. (The Vitamin C Content of Cow’s Milk 
and Its Importance in Infant Feeding.) M. Guigoz. Le Lait, 20 : 
279-286. May-Jpne, 1940. 

Certain clinicians claim that children can be protected from scurvey 
with an intake of as little as 5 mgm. of ascorbic acid per day in contrast to 
a theoretical requirement of 20-25 mgm. suggested by other authorities. 
Since mother’s milk is almost twice as rich in this vitamin as is the average 
cow’s milk, it is suggested that the period of breast feeding builds up a re¬ 
serve in the infant sufficient to protect it through the first few months of 
life. In such cases, cow’s milk contains sufficient ascorbic acid to assure 
protection of the healthy infant against scurvy throughout the time that it 
is exclusively milk fed. A good bibliography of recent literature is 
included in this report. O.R.I. 

521. The Effect of Light on the Vitamin C of Milk in Different Con¬ 

tainers. J. Houston, S. K. Kon, and S. Y. Thompson, National 
Institute for Research in Dairying, Univ. of Reading, Reading, 
England. J. Dairy Res., 10 : 471-474. 1939. 

Twice as much vitamin C survived in milk in wax impregnated cartons 
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exposed to the action of light as in clear glass bottles. Brown glass bottles 
showed little destruction, green glass bottles considerably more, although 
less than wax impregnated cartons. S.T.C. 

522. Effect of Irradiated Milk on Storage of Nitrogen and Acid Base 

Minerals in Children. Francks C. Hummel, Helen A. Hunsciier, 
and Icie G. Macy, Children’s Fund of Michigan, Detroit, Mich. 
Am. J. Diseases of Children, 58 : 753. 1939. 

Observations were made on the mineral storage of eight children 5 to 8 
years of age during test periods of 20 to 60 days, each child receiving first 
non-irradiated milk and later irradiated milk of the same kind and quantity. 
Three of the children were given fluid milk, 3 were given evaporated milk, 
and 2 were given a combination of both kinds. 

From the standpoint of the average actual daily retention alone, it did 
not appear that the additional vitamin D in irradiated milk (90 to 96 and 
180 to 190 U.S.P. units daily) had any nutritive advantage in the deposition 
of minerals. On the other hand, the children showed a more rapid rate of 
growth in length during the periods when vitamin D was the only factor 
added. The increase in rate of skeletal growth was, in general, accompanied 
by a higher calcium-phosphorus ratio in the retention. This indicates a 
stimulus to formation of bone and by the decrease in retention of nitrogen, 
phosphorus, and sulfur a shift from the formation of soft tissue to that of 
skeletal structure. From these cumulative results it seems justifiable to 
conclude that vitamin D supplements in the form of irradiated milk included 
in the dietary known to be nutritionally good and given to children who 
have good health not only exert a regulating influence on the growth im¬ 
pulses but stimulate skeletal development. W.H.R. 

523. Influence of Fluid and Evaporated Milk on Mineral and Nitrogen 

Metabolism of Growing Children. Helen J. Souders, Helen A. 
Hunsciier, Frances 0. Hummel, and Icie G. Macy, Children’s 
Fund of Michigan, Detroit, Mich. Am. J. Diseases of Children, 
58 : 529. 1939. 

The nitrogen and acid-base mineral balance study was conducted on 3 
healthy children 4£ to 6 years of age, receiving a basal diet of adequate 
requirements. During the first period of 25 to 40 consecutive days of 
metabolic study, 400 grams of plain fluid inilk were ingested daily by each 
child. During the 20 to 25 days immediately following, a similar amount of 
dilute (1:1) evaporated milk was substituted and for the next 25 days 
irradiated evaporated milk was fed. 

An added impetus to the formation of soft tissue resulted from the 
substitution of evaporated for fluid milk as shown by the parallel increases 
in retention of nitrogen, sulfur, and potassium. 
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When irradiated evaporated milk was included in the diet the increased 
calcium-phosphorus ratios of the retention, the higher levels and more con¬ 
sistent trends of the acid base balances, and the increase in rate of gain 
of recumbent length all indicated a more rapid and stable rate of formation 
of bone. W.H.R. 


ICE CREAM 

524. Using Frozen Fruit Pulps in Ice Cream Making. D. C. Sorber. 

Can. Dairy and Ice Cream J., 19 : 5, 22. 1940. 

It is now possible by means of an inexpensive freezing process to preserve 
the important characteristics of fresh fruit for use in making ice cream at 
seasons of the year when the fresh fruit is not available. A long list of 
satisfactory varieties of fruit is given. Nothing but fully ripened soft fruit 
with high flavor should be used. Directions are given for the preparation 
of the fruit and the proportion of sugar to use. Contamination of the 
mix or of the fruit with copper should be avoided since several kinds of 
fruit intensify the reaction of copper in the development of oxidized flavor. 
Rapid handling is recommended to insure the preservation of the maximum 
quality that exists in fresh fruit. O.F.G. 

525. Some Causes of Shrinkage in Package Ice Cream. Roland Koiilek, 

2101 S. Los Angeles St., Los Angeles, Calif. Can. Dairy and Ice 

Cream J., 19 : 3, 26. 1940. 

Factors which cause the shrinkage of ice cream are, (1) mix ingredients 
and mix composition, (2) processing mix, (3) freezing process, (4) harden¬ 
ing process, (5) transportation or delivery, and (6) storage and cabinets. 
Mix composition is the least expected and the hardest to control but it was 
found that the stability of milk solids-not-fat, especially those from con¬ 
densed skim milk, play an important role in shrinkage. Tests indicated 
that adjustments of the stability of the proteins could be made through the 
addition of calcium, sodium, phosphates and citrates. Factors which tend 
to increase instability, and thus shrinkage, are high temperature pasteuriza¬ 
tion, homogenization at high pressures, the freezing process, especially high 
speed continuous freezing, and hardening at especially low temperatures. 

O.F.G. 

526. A Discussion of Sweetening Agents for Ice Cream. P. H. Tracy, 

Univ. of Illinois, Urbana, Ill. Can. Dairy and Ice Cream J., 19 : 

3,58. £940. 

Sugar adds to the food value, improves palatability and lowers the 
freezing point of ice cream. The sweetening value of cane and beet sugar 
is the same. Dextrose, made from corn, has come to replace sucrose to some 
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extent in ice cream manufacture. It is more easily assimilated by the body 
but in water solution it has a sweetening value of about 70 as compared to 
100 for sucrose. Its sweetening value is increased when used in conjunction 
with sucrose in ice cream. Its use will not seriously affect the time required 
to freeze and whip the mix but the drawing temperature will be about one 
degree lower. When used to replace about 25 per cent of the sucrose, it will 
have no detrimental effect on the flavor or body of ice cream. A new type 
of corn syrup, “Sweetose,” has been developed recently that may .have 
considerable use in the manufacture of ice cream. The body of ice cream 
containing “Sweetose” is noticeably smoother than the body of ice cream 
sweetened entirely with sucrose. The author recommends about 9 per cent 
honey with 8 per cent sucrose and no additional flavor to get the best honey 
flavor in ice cream. O.F.G. 


MILK 

527. Milk and the Public Health. R. 0. Davidson. Can. Dairy and Ice 

Cream J., 19 : 4, 68. 1940. 

The importance of safe milk for public consumption is emphasized. 
“Clean milk does not necessarily indicate a 'safe milk/ consequently some¬ 
thing else, other than sanitary conditions, is required; that something is heat 
treatment of the milk to kill pathogenic organisms.” The author feels that 
nutritive losses in the pasteurization of milk are not important. O.F.G 

528. Safeguarding the Milk Supply of Large Cities. J. C. Geiger and 

B. G. Engle. Can. Dairy and Ice Cream J., 19 : 5, 30. 1940. 

This is a summary of the needs for the methods of safeguarding the 
milk supply of large cities. The vital steps in offering the public a safe 
milk are: 

T|l) All milk and milk food products should be produced by healthy 
herds free from tuberculosis. 

(2) All milk and milk food products should be produced from “Grade 
A” farms under the inspection service of the local department of health. 

(8) All milk should be pasteurized with a rigid system of inspection of 
the plants. O.F.G. 

529. Factors Affecting the Whipping Quality of Whipping Cream. C. J. 

Babcock, Bureau of Dairy Industry, Washington, D. C. Can. 
Dairy and Ice Cream J., 19 : 5, 40. 1940. 

Raw cream is slightly superior for whipping purposes but the safeguards 
of pasteurization should be considered. Homogenization destroys the ability 
of cream to incorporate air and thus impairs its whipping quality. Aging 
will improve whipping quality but a period longer than 24 hours is not 
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recommended. Increasing the acidity does improve whipping quality. To 
get good whipping the temperature should not be above 50° F. O.F.G. 

530. Titration des B . Cole Aerogenes dans les Laits. (Detection of Coli- 

aerogenes in Milks.) E. Piraux, Exp. Sta., Gembloux, Belgium. 

Le Lait, 20: 257-271. May-dune, 1940. 

The presence of organisms of the Escherichia-Aerobacter group has 
significance in pasteurized milk, in butter, and in milk for cheese manufac¬ 
ture. Unless thermoduric strains are present, organisms of this type should 
not survive pasteurization. Positive differentiation between Escherichia 
and Aerobacter groups is difficult due to the many atypical strains found in 
nature. 

A presumptive test for the presence of colon organisms must show the 
production of acid and gas in a liquid medium. Lactic acid production by 
lactics must be inhibited if growth of the colon types is to take place. 
Crystal violet, sodium formate, bile salts, etc., have been suggested as 
suitable antiseptics for this purpose. 

In the study, trvptoflavine was found to be a satisfactory lactic inhibitor 
when used in a concentration of 1 or 2 parts per 100,000 parts of milk. One 
part of a 1 per cent neutral red solution in 100 parts of milk, was used as 
a reduction indicator. The milk was enriched by the addition of yeast ex¬ 
tract at the rate of 2 per cent. In order to more accurately detect gas pro¬ 
duction the medium in the tubes was covered with a layer of melted paraffin. 
Incubation was at 37° C. for 24 to 48 hours. 

If it is necessary to determine the presence of these organisms in low 
dilution, the sample can be diluted in physiological saline and the above 
medium prepared using sterile milk. 

Confirmatory tests recommended include: Gram staining, or plating on 
Difco Violet Red Bile Agar, on Endo’s medium or on Levine’s medium. 

O.R/1. 

531. La Reglementation du Lait Malpropre. (The Control of Unclean 

Milk.) L. IIoton. Le Lait, 20: 287-291. Mav-June, 1940. 

The advisability of attempting to legally define “clean” milk is discussed. 
Such a definition is very difficult and many primitive and unsatisfactory • 
regulations are cited which have been retained in the statutes. Some of the 
more obselete statutes prohibit filtering. Several suggestions are put for¬ 
ward for revising these laws. O.R.I. 

532. Milk and Child Welfare. A. B. Schwartz, Chairman, Child Welfare 

Committee, State Medical Society of Wisconsin. Milk Dealer, 29: 

9,110-113. June, 1940. 

A brief history is given of the role which milk has played in child 
welfare. C.J.B. 
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533. What the Consumer Believes. Edward Fisher Brown, Milk Re¬ 

search Council, New York City. Milk Dealer, 29: 9, 114-117. 

June, 1940. 

A psychological study oi* the attitudes of various lower-income group 
New York City housewives showed that: Most New York City housewives 
were favorably disposed or neutral toward their milk companies. More than 
two-thirds of the group, 719 out of 1,025, were generally satisfied with the 
milk companies’ policies. Interviewers on this assignment encountered no 
positive hostility. A report is also given on the milk-buying habits, brand¬ 
buying habits, reason for brand selection, reactions to suggested innovations, 
familiarity with milk industry, and the comparative ranking of factors 
influential in milk buying. C.J.B. 

534. Lipolysis in Raw Milk. Influence of Homogenization Temperature. 

I. A. Gould, Mich. State College, East Lansing, Mich. Ind. Eng. 

Them., 32: 6, 876-877. 1940. 

Raw milk which was quickly heated to 70°, 105°. 115°, 125°, 135°, and 
145° F. and homogenized immediately at 1500 lbs. pressure showed lipolysis 
in each case. Maximum fat splitting occurred within the temperature 
range 1()5°-125° F. with only a slight lipolysis at 145° F. Samples of milk 
treated in the above manner but stored at 35°-40° F. for 72 hours under¬ 
went much greater lipolysis than samples not stored but the trend of results 
was the same. B.H.W. 

535. The Cause and Control of Rancid Flavor in Milk. N. P. Takassuk, 

Univ. of California, Davis, Calif. Can. Dairy and Ice Cream J., 

19: 3, 32. 1940. 

Rancidity in milk is the result of the hydrolysis of milk fat by a lipolytic 
enzyme. This enzyme may he secreted into the milk by the cow or may 
come from bacteria growing in the milk. Lipase may he present in milk 
but may not he active. It may be activated by shaking or homogenization 
or by temperature manipulation. It was found possible to produce at will 
either a milk high in natural lipolytic activity or one free from it by merely 
changing from a dry feed to a green feed. Lipase action results in the 
lowering of surface tension and this characteristic may be used as a means 
of determining rancidity. Heating of the milk results in inactivation of 
the lipase. O.F.G. 

536. Fluid Milk vs. Canned Milk. O. W. Pierce, Dept. Agr. Economies, 

Pennsylvania State College, State College, Pa. .Milk Dealer, 29: 

10, pp. 35, 63-64. July, 1940. 

Statistics are given which show that the use of evaporated milk has in¬ 
creased rapidly in the United States. It. is further shown that with the 
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increased use of evaporated milk there has been a gradual widening of the 
spread between the retail prices of fresh and evaporated milk. The author 
points out that a study of sales of milk from retail stores in New York City 
indicates that in low income areas and to a lesser extent in medium income 
areas there is a very definite relationship between the retail price differen¬ 
tial and the sales of the two products. 

The author states that: “The only logical conclusion is that an adjust¬ 
ment will have to be made in both the farm price and the distributor’s mar¬ 
gin if fresh milk is to compete effectively with evaporated milk.” 

C.J.B. 

537. Preservation of Devonshire or Clotted Cream, N. S. Golding and 

Max E. Morgan, Division of Dairy, Agr. Exp. Sta., State College 
of Washington, Pullman, Wash. Milk Dealer, 29: 10, pp. 32, 67- 
69. July, 1940. 

Prom a study of the application of the frozen pack method to the pres¬ 
ervation of Devonshire cream the authors concluded that: 4 4 Since it is not 
a general practice to hold frozen foods more than six to eight months and 
our experiments show that Devonshire cream can be held for approximately 
these periods, it may be definitely concluded that clotted or Devonshire 
cream is quite suited to the frozen pack method of preservation. ” 

C.J.B. 

538. Enzymes and Other Substances as Antioxidants in Milk. D. H. 

Nelson and C. D. Dahle, Dairy Dept, Pennsylvania State College, 
State College, Pa. Milk Dealer, 29: 10, 41-55. July, 1940. 

Details are given of experimental work to determine the efficiency of 
enzymes and other substances as antioxidants in milk. This work is sum¬ 
marized as follows: 

Certain substances were found to inhibit the development of the eoppfer- 
induced oxidized flavor in milk. Results obtained with pure ascorbic acid 
agree with the reports of other investigators that it inhibits the develop¬ 
ment of the off-flavor, and the ascorbic acid itself practically disappears 
before an oxidized off-flavor appears. However, when fresh tomato juice 
or fresh orange juice is added to milk, the protection is greater than would 
be expected from the amount of ascorbic acid which they contribute. Oat 
flour was also found to inhibit the development of the copper-induced flavor 
even after the ascorbic acid, which it did not protect, had disappeared. 
Therefore, a copper-induced flavor can appear only when practically all of 
the ascorbic acid has disappeared but will not necessarily develop in the 
absence of ascorbic acid, especially when certain water-soluble antioxidants 
are present. 

Citric acid failed to exhibit antioxidative properties when added to milk, 
although other investigators have found it effective in lard. 



MILK 


A197 


Addition of very small amounts of trypsin and steapsin preparations to 
milk was found to inhibit the development of copper-induced oxidized 
flavor. Since pepsin exhibited no antioxygenie properties, and since steap¬ 
sin exhibited greater protective powers than did trypsin, it is believed that 
the beneficial effect of trypsin and steapsin is due to their action on the fatty 
material rather than to their action on the protein fraction of the milk or 
on the oxidation-reduction potential. Several attempts to destroy entirely 
the activity of steapsin by heat or by copper, were unsuccessful. 

Gum guaiac exhibited antioxygenic properties in milk when used in 
much smaller concentrations than any of the antioxidants used. This anti¬ 
oxidant is very interesting because it is insoluble in water and only very 
slightly soluble in fat. This suggests that certain antioxidants may not 
need to diffuse into the substrate. Furthermore, since these small concen¬ 
trations of gum guaiac do not inhibit the oxidation of ascorbic acid, they 
would not be expected to influence the oxidation-reduction potential. 

Crude sugar was also found to inhibit the development of copper- 
induced flavor. C.J.B. 

539. A Rapid Phosphatase Test. Adaption of Scharer’s Modification to 

Pasteurizing Conditions in Great Britain; B. A Study of Factors 
Influencing the Reliability of the Test. R. Aschaffenburg and 
F. K. Neave, National Institute for Research in Dairying, Univ. of 
Reading, Reading, England. J. Dairy Res., 10: 485-497. 1939. 

A modification of Scharer’s “10 minute field test” said to be applicable 
to British pasteurization conditions is described. The test requires less 
than 1| hours for completion. 

Experiments indicated a higher than normal phosphatase content in 
milk from cows suffering from mastitis both raw and after pasteurization. 
Unless more than 50 per cent of the cows contributing to a large bulk of 
milk are infected with mastitis it was found that this was unlikely to affect 
the results of the test. S.T.C. 

540. Kay and Graham’s Phosphatase Test. A. Modifications in Tech¬ 

nique; B. Effect of Bacterial Growth. F. K. Neave, National 
Institute for Research in Dairying, Univ. of Reading, Reading, 
England. J. Dairy Res., 10: 475-484. 1939. 

It is suggested that the technique of the phosphatase test be modified as 
follows: 

1. By the addition of sodium hexametaphosphate before placing the tubes 
in the boiling water bath. This makes it possible to eliminate the final 
filtration. 

2. Avoid direct sunlight during that .part of the test in which Folin’s 
reagent is in use. 
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The pH of the milk samples tested was found to vary naturally before 
pasteurization from pH 6.5 to 6.9 without affecting the validity of the test. 

The test was unaffected by the presence in milk of bacteria which pro¬ 
duce reducing substances or which hydrolyze the substrate (sodium phenyl 
phosphate) unless the organisms are present in very large numbers. 

S.T.C. 


PHYSIOLOGY 

541. H Ion Concentration of Various Fluids of the Genital Tract of the 

Cow. Henry A. Lardy, W. D. Pounden, and Paul H. Phillips, 
Dept, of Biochemistry and Veterinary Science, Univ. of Wisconsin. 
Proc. Soc. Exp. Biol, and Med., 44: 517. 1940. 

A study of the pH of the genital secretions of the cow showed the vagina 
to be slightly acid during diestrum (6.4) while it was slightly alkaline dur¬ 
ing estrum. The fluids of the cervix during estrum were slightly alkaline 
(8.3) while the fluids present in the uterus during estrum were slightly 
acid (6.8). R.P.R. 

542. Effect of Volume Used for Injection in Micro-Assay of Prolactin. 

Robert W. Bates and Oscar Riddle, Carnegie Institution of Wash¬ 
ington. Proc. Soc. Exp. Biol, and Med., 44: 505. 1940. 

Results were presented which indicate the importance of utilizing a con¬ 
stant volume of fluid when assaying the lactogenic hormone by the local 
crop-sac method. A minimum dose of prolactin for stimulation of the 
crop gland in 0.05 ml. has its effectiveness increased four fold w r hen diluted 
to 0.50 ml. R.P.R. 


MISCELLANEOUS 

* 

543. Influence of Government Activities upon the Dairy Industry. 

W. A. Wentworth, Dairy Industries Committee, Washington, 
D. C. Milk Dealer, 29: 9, 118-125. June, 1940. 

A discussion is presented of the effect of government activities, such as 
the Agricultural Adjustment Administration, Wagner act, the wage and 
hour law, and reciprocal trade agreements, on the dairy industry. 

C.J.B. 

544. Water Conditioning for Dairy Plants. G. A. Richardson, Univ. of 

California. Can. Dairy and Ice Cream J., 19: 4, 38. 1940. 

The salts of calcium and magnesium are directly responsible for the 
majority of the troubles arising from the use of untreated water such as the 
formation of scale, sludge and milk stone. Softening water is the render- 
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ing of the calcium and magnesium unavailable for the formation of insol¬ 
uble soaps or precipitates. This may be accomplished by (1) distillation, 
(2) heating raw water followed by settling and filtration, (3) lime treat¬ 
ment, (4) treatment with lime and soda, (5) base exchange, and (6) addi¬ 
tion of alkalies such as caustic soda, soda ash, trisodium phosphate, sodium 
metasilicate, tetrasodium pyrophosphate, sodium bexametaphosphate and 
sodium tetraphosphate. Boiler water may be softened either by treatment 
with lime-soda or by base exchange. Water for condensers should, be 
treated so as to keep the calcium salts in solution rather than to precipitate 
them. Water for washing operations should be softened by base exchange 
or treatment with some of the phosphates mentioned above. These phos¬ 
phates act by the prevention of precipitates. O.F.G. 

545. Water—Taste—Odor—Color. A. Y. Moore. Can. Dairy and Ice 

Cream J., 19: 4, 52. 1940. 

One of the prime factors involved in the establishment of a dairy enter¬ 
prise is having an adequate supply of clean water. A water-lubricated 
pump is the most satisfactory. A potable water is not necessarily satis¬ 
factory for dairy use. Damaging flavor defects of butter are often traced 
to the water used in washing. Unsatisfactory sediment tests of certain 
dairy products may be traced to the water used in processing. Milk stone 
may not be directly due to water but it is aggravated by certain types of 
water. Cream feathering may be due to the mineral content of water. 

O.F.G. 

546. Two-Metal Contact Corrosion. Its Causes and Prevention. II. E. 

Tepel, Chief Engineer, Adalet Mfg. Co., Cleveland, Ohio. Milk 

Dealer, 29: 10, pp. 36, 72 -73. July, 1940. 

A discussion is given of the effect of galvanic action (electrolysis) on the 
corrosion of metals. Where piping systems transmitting electrolytes such 
as tap water, brines, and other solutions are made up of dissimilar metals, 
it is necessary to use insulated couplings in order to prevent the rapid dis¬ 
integration of one of the metals. C.J.B. 

547. Cutting Production Costs through Planned Work Schedules. Hans 

Edel, Gehl’s Guernsey Farms, Milwaukee, Wis. Milk Dealer, 29: 

9, pp. 32-33, 59. June, 1940. 

The author presents a “working and relief schedule’’ for medium-sized 
plants. This schedule is made up weekly and shows the work of each man 
for the week, his time off, who is to relieve him while off or in case of acci¬ 
dent. It also shows the number of hours worked in the various depart¬ 
ments of the plant. C.J.B. 
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548. Good Water—a Necessity in the Dairy Products Plant. K. G. 

Weckel, Univ. of Was,, Madison. Nat. Butter and Cheese J., 31: 
7,14. July, 1940. 

All water in a dairy plant should preferably be of “ drinking water” 
quality although re-used, lake, pond or river water may be used for eco¬ 
nomical reasons. All water used for rinsing equipment, washing of cheese 
curd or butter, standardization of condensed milk products, or in the mak¬ 
ing of fruit ices or fruit drinks should be free of undesirable organisms. 
The presence of foreign materials such as iron, copper or brass from equip¬ 
ment or metal * ‘ chore boys, ’ ’ sludge, grit and calcareous sedimentary accu¬ 
mulations, rubber or particles from disintegrating hose, oil contamination 
from water-pumping equipment, all may cause defects in dairy products 
or difficulties in cleaning operations. The mineral and organic matter of 
water varies with the season of the year, geologic source and availability of 
the water. A table shows the maximum range in concentration of con¬ 
stituents observed in the water supplies of 100 American cities. The 
metallic constituents may cause off-flavors in dairy products while “hard¬ 
ness” may affect undesirably the protein stability during sterilization of 
evaporated milk, feathering of cream in coffee, quality of casein used in 
glues, paints, plastics and paper sizing and may increase deposition of milk 
stone. Hard water tends to increase labor costs, consumption of soap and 
alkali, cleaning problems and problems of boiler management. Plenty of 
■water available makes labor more efficient and aids in quality control. 
Dairy plant operators should appraise their water supplies in terms of 
costs of obtaining them, costs of using them, their bacteriological, chemical 
and physical characteristics and their influence on products and plant 
efficiency. Well and pump* engineers, water engineers and chemists should 
be consulted for advice on efficiency of pump installations and purity of 
■water supplies. W.V.P. 
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549. Avenized versus Standard Parchment for Wrapping Print Butter. 

W. B. Combs, S. T. Coulter and Dana W. Whitman, University 
of Minnesota, St. Paul. 

Samples of print butter from a large number of churnings were wrapped 
in standard parchment wrappers and wrappers that had been treated with 
oat flour (Avenex). The butters were stored for varying periods. The 
surface deterioration was measured organoleptically and by means of the fat 
aldehyde test. The results indicate that parchment paper treated with oat 
flour had a very slight effect in retarding the deterioration of the surface of 
butter. The treated parchment proved of most value when used on butter 
made from neutralized cream and of a “90” score. 

550. Some Factors Affecting the Stability of Certain Milk Properties. 

IV. Interrelation of Certain Metals and Metallic Ions and the 
Development of Oxidized Flavor in Milk. 0. F. Garrett, New 
Jersey Agricultural Experiment Station, New Brunswick, N. J. 

Contamination of milk with copper or ferrous iron is known to catalyze 
the oxidation reaction which produces oxidized flavor in milk. When 
divalent manganese was added to milk in molar concentration equal to or 
greater than either copper or iron the development of oxidized flavor was 
completely inhibited or greatly retarded for periods up to 96 hours. The 
manganese had a similar effect when strips of copper metal were placed in 
the milk. Pieces of manganese metal acted in a manner similar to the man¬ 
ganese salt. 

Divalent manganese added to milk after the development of copper- 
induced oxidized flavor had begun arrested further development of the 
flavor. Trivalcnt aluminum (A1C1 3 ) ions had no retarding effect on the 
development of copper-induced oxidized flavor. 

The addition of manganese to uncontaminated or copper-contaminated 
milk had no effect on the oxidation rate of reduced ascorbic acid nor on the 
magnitude of the oxidation-reduction potential. 

551. Some Factors Affecting the Stability of Certain Milk Properties. 

V. A Comparison of Seven Different Roughages on the Color 
and Flavor in Milk. 0. F. Garrett, R. B. Arnold and G. H. 
Hartman, New Jersey Agricultural Experiment Station, New 
Brunswick, N. J. 

The results of three separate experiments are reported. The first experi- 

A20J 
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ment showed that milk produced on molasses alfalfa silage was almost equal 
in yellow color to milk produced on spring pasture (6.3 lactochrometer units 
and 6.4 lactochrometer units, respectively), was slightly better in flavor 
score than pasture milk, and resisted equally well with pasture milk the 
development of copper-induced oxidized flavor. 

The second experiment showed that dried citrus pulp impregnated with 
molasses and dried beet pulp were about equally poor in producing yellow 
color, flavor and resistance to the development of copper-induced oxidized 
flavor in milk. Both types of pulp were greatly inferior to molasses grass 
silage with respect to these factors in milk. 

The third experiment showed that molasses grass silage and phosphoric 
acid grass silage were about equal in producing milk of high yellow color, 
good flavor and high resistance to copper-induced or spontaneous develop¬ 
ment of oxidized flavor. Both types of grass silage were definitely superior 
to corn silage with respect to those factors. 

552. The Time of Ovulation in, Cattle. C. L. Cole and J. E. Brewster, 

Dept, of Animal Husbandry, Michigan State College, East Lans¬ 
ing, Mich. 

The increased use of artificial insemination has brought about a greater 
need for definite information relative to the time of ovulation in cattle. 
The results reported in the literature relative to the time of ovulation are 
variable and incomplete. 

This study was carried out on both dairy and beef cattle. Seventy-three 
rectal examinations were made on 47 cows. Nine cows were slaughtered 
immediately after ovulation to check the results obtained by palpation. 

Ovulation was found, in all except three instances, to occur within the 
first day after estrus. One cow ovulated on two occasions before she went 
off estrus. Another cow ovulated 26 hours after the end of estrus. The 
average time of ovulation from the end of estrus was 13.57 ±: 0.68 hours. 

No significant difference in time of ovulation was noted between breeds, 
types of cattle, or time of day. Heifers ovulated on the average of 3.04 
hours sooner than did cows that had calved previous to these studies. 

Both ovaries produced follicles with equal frequency and there was no 
apparent order in which they functioned in any one animal. 

553. The Relation of Certain Factors to the Drying of Whey Mixtures 

on the Atmospheric Drum Drier. E. L. Jack and A. J. Wasson, 
University of California. 

When whey alone is dried on the double drum atmospheric drier, a 
gummy mass results that is difficult to remove from the machine and which 
hardens when cool so that grinding is necessary to put it into useable condi- 
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lion. For the formation of a continuous sheet of dry materia] it is necessary 
to add a film-forming substance to the whey. Various materials have been 
used, including skimmilk solids, either in liquid or dry form, and cereal 
products. This study has been concerned with the properties of different 
combinations of whey and drying agents which yielded a satisfactory sheet 
when scraped from the drum. 

It was found that when liquid skimmilk was used as the film-forming 
material it required about one and one-half parts skimmilk solids to one part 
whey solids at low acidities to form a satisfactory sheet. This represents 
about one part milk protein to two parts lactose. As the acidity increases 
the amount of skimmilk solids required increases also. When condensed 
skimmilk was used approximately equal parts of skimmilk solids and whey 
solids in the mixture formed a satisfactory drying combination. Increasing 
acidity again required that more milk solids be used. Mineral acids gave 
substantially the same results as developed or added lactic acid. Ground 
cereal products were also used. Approximately one part cereal product to 
two parts whey solids gave satisfactory results. Those found to be useable 
were flour, corn starch, ground oats (sifted), and ground barley (sifted). 
The amount of cereals required was not much affected by different degrees 
of acidity. The lactose : nitrogen ratios and the pH relationships have been 
determined. 

BOOK REVIEW 

554. Industrial Microbiology. 8. 0. Prescott and (’. G. Dunn. 541 
pages, illustrated, price $5.00. Published by McGraw-Hill Book 
Company, New York, N. Y. 

The authors have treated the subject of industrial microbiology from 
the standpoint of the investigation and control of those fermentations that 
are* of industrial importance because of their end-products or their effect 
in altering the quality or composition of certain substrates such as foods. 

The book is divided into four parts. Part I discusses the characteristics, 
•methods of handling, and industrial applications of yeasts. It includes pro¬ 
duction of industrial alcohol; mechanism of the ethyl alcohol fermentation; 
the brewing, wine and distilling industries; commercial vcast manufacture; 
and production of glycerol and fat. Part II includes the acetone-butanol; 
acetone-ethanol; butyl alcohol-isopropyl alcohol; acetic acid; commercial 
lactic acid and propionic acid fermentations; as well as certain fermenta¬ 
tions important in the food industry. Part III is devoted to molds; indus¬ 
trial fermentations in which molds are utilized; mold enzyme preparations; 
and production of fat by molds. Part IV reviews the microbiology of wood 
and textiles. Also included are two useful appendices, one on detergency, 
disinfection and sterilization, the other on treatment and disposal of indus¬ 
trial microbiological wastes. 
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Discussions which are well written throughout cover not only the estab¬ 
lished industrial fermentations, but also some of the more recently discov¬ 
ered fermentations that offer possibilities for industrial application in the 
future. Applications of industrial microbiology as related to the manu¬ 
facture of sera and related products and to certain phases of agriculture 
and dairy manufacture are omitted. This is unfortunate, but the breadth 
of the subject presents an overwhelming task to anyone attempting a thor¬ 
ough treatment of all phases of industrial microbiology. 

Throughout the book, both in the discussions and at the end of each 
chapter, numerous references are supplied to guide the reader to further 
information on specific processes and general reviews of the subject. These 
aid materially in providing a book that should prove valuable, particularly 
for courses in industrial fermentations or food technology and microbiology. 

P.R.E. 

BACTERIOLOGY 

555. Further Studies on Development of Clostridium botulinum in Re¬ 

frigerated Foods. F. W. Tanner, P. It. Beamer and C. J. 

Rickiier. Dept, of Bacteriology, Univ. of Illinois, Urbaua, Ill. 

Food Res., 5; 4, 323. July-Aug. 1940. 

It was found that samples of food artificially inoculated with strains of 
Clostridium botulinum and frozen, were not toxic when thawed and held at 
5° C. (41° F.) for 14 days. Similar samples thawed and held at higher 
temperatures were in general toxic, particularly when the pH of the food 
was higher than 4.5. The authors state that frozen foods, if properly 
handled and kept frozen until used, should be as safe and as satisfactory 
as similar fresh foods. 4 F.J.D. 

556. New Media for Bacterial Counts. H. G. Harding, Akron Pure Milk 

Co., Akron, Ohio. Dairy World, 19: 4, 28. Sept. 1940. 

A brief discussion of the effects of the new media adopted by the 
A.P.H.A. on bacterial counts and on compliance with milk ordinances. 
The author stresses the fact that the milk industry and control agencies are 
less dependent on plate counts as quality indications since the use of special 
tests is becoming more general. Such tests as the methylene blue, the 
resazurin, the direct microscopic examination, laboratory pasteurization and 
the phosphatase test are mentioned. F.J.D. 

BREEDING 

557. Reproductive Efficiency in Dairy Cattle. F. E. Hull, W. W. Dim- 

mock, Fordyce Ely and H. B. Morrison, Univ. of Kentucky, Lex¬ 
ington, Ky. Bull. 402, 28 pages. May 1940. 

The breeding efficiency of the University of Kentucky dairy herd was 
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studied from 1900 to 1939, inclusive, in relation to health conditions and 
control measures. During the period 1900 to 1927, inclusive, there was no 
organized program for Bang’s disease control or other diseases except 
tuberculosis. From 1928 to 1932, inclusive, there was an intensive health 
supervision program during which Bang’s disease was eradicated. From 
1933 to 1936, inclusive, the herd was free from Bang’s disease. From 1937 
to 1938, inclusive, trichomoniasis infection occurred. A total of 482 indi¬ 
viduals was involved. A summary of the results is presented in the fol¬ 
lowing table: 


Period 

inclusive 

Calving 
interval 
per cow 

Breeding 

efficiency 

! Abortions 

1 in terms 
ofpreg- 
j nancy 

Per cent of 
pregnan¬ 
cies calves 
born dead 

Calves 
born alive 
but died 
in 6 
months 

Per cent of 
pregnan¬ 
cies that 
grew to 
maturity 


months 

% 

% 

% 

% 

% 

1900-1.927 . 

17.2 

69.8 

1 15.6 

3.1 

12.1 

71.5 

1928-1932 

18.0 

66.7 

12.4 

10.5 

3.7 

74.2 

1933-1936 

14.2 

84.5 

9.3 

8.0 j 

0.7 

82.1 

1937-1938 

15.7 

76.4 

7.3 

7.3 

5.7 

80.5 

1939 . 

The w h o 1 e 

12.7 

94.5 

2.6 

10.3 

11.8 

76.9 

period 

16.6 

71.8 

13.6 

5.1 

9.3 

73.7 

i_ 

W.E.P. 


558. Directions for the Ascorbic Acid Therapy of Slow-breeding Bulls. 

Paul H. Phillips, Dept, of Biochemistry, Univ. of Wisconsin, 
Madison, Wis. J. Am. Vet. Assn., 97: 165-166. 1940. 

Subcutaneous injection of ascorbic at'id caused marked recovery in 65 to 
75 per cent of impotent bulls. Approximately 5 mg. ascorbic acid should 
be injected per kilogram of body weight every 3 or 4 days over a period of 
5 or*6 weeks. One gram of ascorbic acid is dissolved in 5 ml. of a buffer 
solution. The buffer solution is prepared by dissolving 0.1 gram monobasic 
potassium phosphate and 0.4 gm. sodium phosphate (TJ.S.P. dried) in 50 ml. 
distilled water. W.E.P. 


BUTTER 

559. The Relation of Carbon Dioxide Gas to the Keeping Quality of But¬ 
ter. W. B. Combs, Dept, of Dairy Husbandry, Univ. of Minn., St. 
Paul, Minn. Ice and Refrig., 97: 3, 1939. 

This paper outlines the procedure to be used in an experiment to deter¬ 
mine the value of an atmosphere of carbon dioxide for preventing the devel¬ 
opment of stale and oxidized flavors on the surface of high quality butter. 

L.C.T. 
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560. Iron and Copper Content of Butter. G. M. Moir and E. D. Andrews. 

N. Z. J. Sc. and Techn., 21: 249A-265A. 1940. 

In a new filtration method for estimating iron, 10 grams of butter are 
melted in 15-ml. centrifuge tubes; 1 ml. of 5 per cent Sod. hydro-sulphite is 
added, shaken and left over night at 35-40° C. After shaking with 1 ml. of 
20 per cent trichloroacetic acid the tubes are stood 30 min. at 40-50° C., 
centrifuged, and the melted fat siphoned off. The aqueous layer is shaken 
with 5 drops of 10 per cent sodium tungstate and the later filtered cold 
through papers just previously washed with 5 per cent nitric acid, the 
filtrate is shaken with 0.5 ml. of saturated pot. persulphate, followed by addi¬ 
tion of 2 drops each of nitric acid and hydrogen peroxide. After adding 
1 ml. of 30 per cent ammonium thiocyanate, all tubes including standards 
are filled up to the same level. To extract the color 2 ml. of amyl alcohol 
are added and shaken. Standards and blanks are prepared with all the 
reagents included. To clear the amyl alcohol layer, the tubes are cooled in 
ice-water prior to the final color comparisons. Many results thus obtained 
have been compared with those yielded by an improved dry-ashing method. 

For copper 25 gram samples are melted at 40-50° C. and shaken with 
0.5 ml. cone, hydrochloric acid, 5 drops of 3 per cent hydrogen peroxide, 
2.5 ml, of 20 per cent trichloroacetic acid, and 5 drops of 10 per cent sodium 
tungstate. After keeping warm 30 minutes the samples are centrifuged 
and the fat layer sucked off. The tubers are cooled prior to filtering through 
papers freshly washed with acid. One washing of the precipitate with 5 
per cent nitric acid is followed by others with 5 per cent trichloroacetic acid. 
To the filtrate are added 2 ml. of 20 per cent sodium citrate, a few drops of 
phenolphthalein, and sufficieht strong ammonia dropwise to make alkaline. 
A few mg. of powdered sod. diethyl-dithiocarbamate are added to each tube, 
the volumes equalized, and 5 ml. amyl alcohol added. The tubes are shaken, 
allowed to stand three or four hours, and shaken again. When clear the 
amyl alcohol colors are compared with similarly prepared standards and 
blanks, using if possible a Klett colorimeter with a blue filter. 

For copper the wet-ashing method of Williams as modified by Koppejan 
and Van der Burg has been further improved. In a large centrifuge tube 
25 grams of butter are warmed with 8.ml. of glass distilled nitric acid. The 
water-bath is raised gently to near boiling-point and effervescence dispersed 
by stirring. After an hour or more the fat is removed by centrifuging and 
sucking off, followed by two similar treatments with 5 ml. of high-boiling 
petrol. The acid liquid is washed out into a 200 ml. Kjeldahl flask and 
gently evaporated almost to dryness. When cool, 2 ml. of pure sulphuric 
acid are added, and after further heating small amounts of cone, nitric acid 
are added as required; later a few drops of perhydrol may be required to 
complete the oxidation. The residue is washed into a large test-tube, neu- 
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tralized, and other reagents, citrate, etc., added as in the filtration method. 
The original paper contains useful details about purifying reagents, etc. 

Author’s Abstract. 


FEEDS & FEEDING 

561. Silage from Hay Crops. Making It—Feeding It. S. T. Dexter 
and C. F. Huffman, Michigan State College, East Lansing, Mich. 
Cire. Bull. 173, 8 pages. July, 1940. 

A popular treatment of the problems in preparing and feeding grass 
silage. W.E.P. 


ICE CREAM 

562. Stimulating Carry-Home Sales of Ice Cream. Anonymous. Ice 

Cream Rev., 23: 12, 24. July, 1940. 

An unlimited increase in the per capita consumption of ice cream is 
possible by stimulating carry-home sales. Suggestions given for increasing 
these sales include: giving the consumer a greater knowledge on the prepa¬ 
ration of sundaes, etc., in the home; using insulated bags to keep ice cream 
hard under adverse conditions; the use of flat refrigerator-type packages; 
and point-of-sale advertising suggesting specifically the “carry home” idea. 

J.H.E. 

563. A Change in Vanilla Nomenclature. Robert Rosenbaum, David 

Michael and Co., Philadelphia, Pa. Ice Cream Rev., 23: 12, 52. 
July, 1940. 

Conforming to international rules the U. S. Department of Agriculture 
has adopted Vanilla fragrans (Salisb.) Ames as its official technical name 
for the source of our commercial vanilla beans. For years the beans w T ere re¬ 
ferred to as Vanilla planifolia Andrews. This terminology is now to be 
dropped. This new designation may have a bearing on the commercial prod¬ 
ucts now being offered on the world markets. For instance, there is a ques¬ 
tion as to whether Tahiti beans are truly Vanilla fragrans and whether their 
use in products can be labelled as “vanilla.” J.H.E. 

564. Factors Affecting Mix Viscosity. A. J. IIahn, Dept, of Dairy Hus¬ 

bandry, Univ. of Illinois, Urbana, Ill. Ice Cream Field, 36: 2, 26, 
34, 35, 36. Aug., 1940. 

Defining viscosity as “the ability of a liquid to resist flow” the author 
points out the necessity of distinguishing between “apparent” and “basic” 
viscosities. He further states that “fluidity” is the ability of any fluid 
to flow without the application of an exterior force; while “plasticity” is 
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the ability of any liquid to flow only after the application of an external 
force. 

A brief discussion is given of the influence of the following factors upon 
ice-cream viscosity: (1) temperature, (2) mix composition and (3) methods 
of processing and cooling mixes. 

It is stated that the use of unsweetened frozen cream in mixes results in 
about the same viscosity as that obtained with the use of fresh cream. It is 
further claimed that mixes made with concentrated milk, vacuum roll, or 
spray skimmilk powder and evaporated milk will not vary much in viscosity, 
but atmospheric roller powder, superheated condensed milk and sweetened 
condensed skimmilk will result in an increase in mix viscosity. Increasing 
the stabilizer content has a greater influence on mix viscosity than increasing 
other mix components. 

It is claimed that as long as the acid content is not great enough to pre¬ 
cipitate the proteins the viscosity of the mix will decrease with increased 
acidity, and further, that calcium and magnesium ions increase viscosity, 
whereas citrate and phosphate ions ordinarily decrease mix viscosity. 

It is stated that homogenization causes a marked increase in mix viscosity 
especially if it is accomplished at 120° F. to 140° F. 

A table is given showing the influence of the various factors considered 
upon viscosity and whipping ability of mixes and body, texture and flavor 
of ice cream. W.C.C. 

565. Ice Cream Sales Index. Anonymous. . Spec. Bull, of the Statistical 

and Accounting Bureau, Int. Assn, of Ice Cream Manufacturers, 

Washington, D. C. July, 1940. 

This publication contains an analysis of ice cream sales for the first four 
months of 1940. During this period the sale of ice cream in the United 
States was 4.35 per cent higher than for the same period in 1939. Canadian 
sales showed an increase of 17.89 per cent when sales for the same periods 
were compared. 

A supplement to the bulletin contains the following data: (1) Ice cream 
production in gallons by months by states, 1938; (2) Percentage of ice cream 
production by months by states, 1938; and (3) Percentage of ice cream 
production by months by states—ten year average, 1929-1938. M. J.M. 

566. New Rulings on Ice Cream under the Food and Drug Law. R. C. 

Hibben. Ice Cream Trade J., 36: 7,14. 1940. 

Five new interpretations from the Federal Food and Drug Administra¬ 
tion regulating ice cream shipped in interstate commerce are presented. 
These rulings cover the labeling of 4 4 coated ice cream/ ’ ‘ < ice cream sand¬ 
wich/ 9 and “retail pails and cartons . 1 9 The common name of chocolate ice 
cream and the regulation on the color declaration on labels of ices and 
sherbets are also discussed. W.H.M. 
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567. Vanilla in a Changing World. R. C. Schlotterer. Ice Cream 

Trade J., 36: 7,10. 1940. 

The effect of the European war upon the productions, procurement and 
price of vanilla is discussed. It is pointed out that Madagascar, the great 
vanilla producing center, is a French possession and that its transfer to 
Germany might bring out new economic problems. Due to the present dis¬ 
turbance of shipping and foreign exchange the normal market indices of 
supply and demand have lost their importance, therefore prediction of price 
or supply in this country is not possible. The Mexican beans, while higher 
in price, usually follow the supply and demand curve of the Madagascar 
product. W.H.M. 

568. Do Small Stops Pay? Vincent M. Rabuffo. Ice Cream Trade J., 

36: 7,8. July, 1940. 

The Diamond Company with headquarters in Jersey City, New Jersey, 
is doing an annual ice cream distribution of $400,000 and finds that the 
small stops pay if properly managed. The secret is in keeping the stops 
close together, keeping waste and expense at a minimum, and not attempting 
to furnish dealers with supplies other than ice cream cabinets and very 
closely related materials. Heavy merchandising campaigns are not carried 
on because the small type of accounts do not warrant it. The Diamond 
Company does not manufacture ice cream but only maintains storage 
houses for keeping the ice cream prior to distribution. The head of the 
company estimates that 70 per cent of his sales are in packages and novel¬ 
ties; about 30 per cent in bulk. He has approximately 1450 dealers to 
which deliveries are made. W.H.M. 

569. The Use of Fruits in Ice Cream. B. I. Masurovrky. Ice Cream 

Trade J., 36: 8, 31. August, 1940. 

# Some of the latest developments in the use of fruits in ice cream are dis¬ 
cussed. New possibilities are suggested. The author cites a paper by Dr. 
D. G. Sorber 1 containing the following directions for packing fruit for ice 
cream purposes. 

u l. Select full flavored fruit of predetermined suitable varieties. 

“2. Precool as an aid to controlling oxidation. 

“3. Wash the fruit thoroughly. 

“ 4. Coarsely crush or puree fruit in such a way as to avoid beating air 
into the product. 

“ 5. Add a predetermined amount of sugar or syrup and thoroughly mix 
to further aid in preventing enzymatic alteration of flavor and color. 

* * ‘ The Preparation of Frozen Fruit Pulp and Their Use in Ice Cream and Belated 
Products,” by Dr. D. G. Sorber, U. S. Dept, of Agriculture. (Beport of Proceedings of 
the 39th Annual Convention, Int. Assoc. Ice Cream Mfgrs., Production and Laboratory 
Council, Vol. 2, 1939.) 
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“6. Pack in tightly sealed enamel-lined tin cans, preferably closed under 
vacuum. 

“7. Rapid freezing at sub zero temperatures. 

“8. Storing at a temperature of 0 degrees F. or colder.’* W.H.M. 

MILK 

570. Crystal Form of Ice Packing Appeals to Shippers of Perishable 

Foods. Anonymous. Ice and Refrig., 97: 341. 1939. 

A brief article which among other things points out the advantages of 
crystal form of ice packing for milk crates. This crystal ice may be bri¬ 
quetted by use of 17 tons pressure. L.C.T. 

571. Installation of Flaklce Equipment. Arthur Adams, Flaklce Corp., 

N. Y. and R. E. Miller, York Ice Machinery Corp. Ice and 
Refrig., 96: 281. 1939. 

This paper consists essentially of a story of the Flaklce installation in 
the N. Y. Sheffield Farms Dair.v Plant, but it is of general interest because 
it includes a description of the equipment and operating characteristics. 
The machines resemble in general appearance double drum milk dryers. 
They are cooled with brine at from 0 to 14° F. and 8 to 10 lbs. per sq. inch 
pressure. The usual temperature rise is 2° F. The brine is maintained at 
a pH of 7.5 to 8.0. The ice leaves the rolls at about 20° F. and the storage 
rooms or bins are maintained at not higher than 22° F. The hoppers are 
so arranged that a predetermined amount of ice can be deposited on each 
crate of milk. Six to twelve pounds are generally used. A list of advan¬ 
tages of Flakicing is given. * L.C.T. 

572. A Study of Concentration and Freezing as a Means of Preserving 

Fluid Whole Milk. R. T. Corley and F. J. Doan, Pennsylvania 
State College, State College, Pa. Food Res., 5; 4, 369. July-Aug., 
1940. 

High temperature pasteurization (180° F. (82.2° C.) for 15 minutes) 
of fluid milk before condensation, homogenization and freezing retarded 
oxidation, lessened the tendency toward irreversible coagulation of protein 
and increased the possible storage period in the frozen condition as com¬ 
pared with low temperature pasteurization (145° F. (62.8° C.) for 30 min¬ 
utes). Homogenization after condensing proved more effective in stabiliz¬ 
ing the milk than when applied before condensing. Any copper contamina¬ 
tion invariably caused tallowy flavors during storage. A storage period up 
to 15 weeks was possible. The reconstituted stored milk exhibited higher 
in vitro digestibility than similar normal milk. F. J.D. 



PHYSIOLOGY 


A211 


573. Rancidity—Its Effects and Control. K. G. Weckel, Dept of Dairy 

Industry, Univ. of Wisconsin, Madison, Wis. Dairy World, 19 : 
4, 16. Sept 1940. 

A brief discussion of the chemistry and biology of rancidity (hydrolytic) 
in milk and some milk products with descriptions of methods of measuring 
lipolytic activity and means of controllng the reaction. F.J.D. 

PHYSIOLOGY 

574. Artificial Insemination. C. L. Cole, Michigan State College, East 

Lansing, Mich. Ext. Bull. 207, 4 pages. June, 1940. 

A brief consideration of the advantages and limitations of artificial 
insemination together with methods of application and organization prob¬ 
lems. W.E.P. 

575. Influence of Uterine and Ovarian Nerves on Lactation. John S. 

Labate, Depts. of Anatomy and Obstetrics and Gynecology, New 
York Univ. Endocrinology, 27 : 342. 1940. 

An attempt was made to demonstrate the role played by the autonomic 
nerves supplying the ovaries, uterus, and hypophysis in the initiation and 
maintenance of lactation. Three control rabbits were bred and on the 25th 
day of gestation a Caesarian section was performed. The onset and dura¬ 
tion of lactation was noted. Two rabbits were sympathectomized by remov¬ 
ing all the known sympathetic pathways to the uterus, tubes and ovaries. 
They were then bred and treated as the control rabbits. Section was per¬ 
formed 27 and 32 days following sympathectomy. No difference in the 
onset and duration of lactation was observed between the two groups and 

both groups showed normal reproductive instincts. R.P.R. 

* 

576. Experimental Superfecundity with Pituitary Gonadotropins. Her. 

bert M. Evans and Miriam E. Simpson, Institute of Experimental 
Biology, Univ. of California. Endocrinology, 27 : 305. 1940. 

Female rats from 26 to 34 days of age were injected with various levels 
of the follicle stimulating hormone alone and in conjunction with the prin¬ 
ciple in human pregnancy urine. Animals were usually sacrificed 12 or 22 
days after breeding and implantation sites were counted. Supernumerary 
implantations were produced by the injected gonadotropins. The maxi¬ 
mum number was 34, the average number was 17 which exceeded by at least 
7 the number of implantation sites observed in normal rats. It was noted 
that a surprising number of embryos perish and undergo intrauterine re¬ 
sorption and that instances of prolongation of the span of gestation were 
common. R.P.R. 
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MISCELLANEOUS 

577. Trained Employees Build Good Will. Fred E. Kunkel. Ice Cream 

Review., 23: 12, 58. July, 1940. 

Foremost Dairies, of Jacksonville, Florida, believe very strongly in the 
importance of good customer contacts. This article gives the plan the com¬ 
pany has worked out to make employees realize that their contact with cus¬ 
tomers either helps or hinders their business. J.H.E. 

578. The Theory of Atmospheric Cooling Tower Operation. F. F. 

Stevenson, Ice and Refrig., 98: 4, 273; 98: 348. 1940. 

This paper consists of a technical discussion of the operation of cooling 
towers. The relationship of wet and dry bulb temperatures to the operation 
and size of cooling towers is explained. The various types of cooling towers 
are described. Factors affecting the performance of the towers are dis¬ 
cussed. L.C.T. 

579. Notes on Corrosion Control in Refrigeration Condensers. K. M. 

Holaday, Chemical Eng., Anheuser-Busch Inc. and A. Von Gon- 

tard, Vice Pres, and Chief Eng., Anheuser-Busch Inc. Ice and 

Refrig., 98: 286. 1940. 

In this paper the authors report on the results of experimental work in 
connection with corrosion of condensers. The electrolytic and galvanic sys¬ 
tem of corrosion prevention is discussed, and it is shown that neither one has 
been effective to date, although the experiments have not yet been concluded. 
The use of sodium silicate in dosages sufficient to impart 8 parts of silica per 
milllion of water has not been found very effective. Further experiments 
under controlled pH conditions are desirable. The carbonate balance sys¬ 
tem showed considerable promise. The average requirement was approxi¬ 
mately 0.10 lb. caustic soda per ton of refrigeration. A pH between 9.2 and 
10.1 is most desirable. The use of paint has value if properly selected and 
applied. Some differences were noted in the rate of corrosion of various 
materials used in the construction of the pipes. L.C.T. 

580. Cost of Operation and Maintenance of Diesel Engines in Refrigera¬ 

tion Plants. J. R. Watson. Ice and Refrig., 97: 143. 1939. 

The author points out the importance of a good operating engineer for 
keeping costs low. In his discussion he shows the differences in cost per ton 
of ice resulting from the use of various drives, e.p., V-belt, flat belt, electric 
drive using direct connected generator and direct connected synchronous 
motor, for electric drive using direct connected generator and belted syn¬ 
chronous motor, and for electric drive using direct connected generator and 
belted induction motor. 
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A table giving Diesel operating costs for four ice plants follows: 



Tons ice 

Fuel oil cost 

Lub. oil costs 

Cost per ton 

1 

90 

m 

m 

23.6tf 

2 

34 

4*tf 1 

m 

23.4tf 

3 

28 

4|tf 

50tf 

23.6tf 

4 

23 


60tf 

27,0tf 


L.C.T. 


581. Some Problems in the Preparation, Processing and Distribution of 

Frozen Food Products. W. E. Guest, W. E. Guest and Co., Chi¬ 
cago. Ice and Refrig., 96 : 339. 1939. 

This paper consists of a rather extensive abstract of a talk presented at 
the Dairy Manufacturers Conference at the University of Wisconsin, March 
15,1939. 

Information on the preparation of vegetables, fruits, poultry, and meats 
for quick freezing are given. A brief discussion of packing and packaging 
material is included. Short descriptions of the direct contact, cold air circu¬ 
lation, brine or sirup spray, and immersion methods of quick freezing plant 
is estimated at $25 or $35 per pound of product per hour. A plant to handle 
2000 pounds of product per hour would cost from $50,000 to $70,000. 

L.C.T. 

582. Business Factors Affecting the Use of Cold Storage Lockers in 

Illinois. E. N. Searls, Univ. of Illinois, Dept, of Agr. Econ. Ice 
and Refrig., 96 : 249. 1939. 

A brief history of the development of locker plants indicates that the 
firs£ known locker plant was installed by a creamery in Crete, Nebraska, in 
1910. A creamery in Walla Walla, Washington, built a locker room in 
1927. An independent creamery in Minnesota built a 48 locker plant in 
1924 but the second plant in Minnesota was not started until 1935. In 1938 
it was estimated that there were 2,000 locker plants operating in the U. S. 
F. A. Gougler, of the Illinois Agricultural Association, 608 South Dearborn 
Street, in a survey made in 1938 of 13 Illinois locker plants showed that the 
total cost per locker ranged from $22.60 to $35.98. The average cost was 
$30.33. A list of expense items is included. Many of these may be over¬ 
looked by the average owner. Factors involved in the management of a 
locker plant are listed. Additional suggestions for attaining successful 
operation include : 

1. Securing an adequate amount of capital. 

2. Locating the plant in a territory that justifies its existence. 

3. Providing an operating income sufficient to meet operating expenses. 
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4. Setting up an accounting procedure that shows an accurate picture of 
the business operations. 

5. Providing an informed and intelligent management. 

6. Keeping directors informed monthly of the operations of the business. 

L.C.T. 

583. Building Complete Refrigerated Locker Systems. Geo. C. Foerst- 

ner, Mgr. Electric Dept., The Amana Society, Amana, Iowa. Ice 
and Refrig., 96 : 161. 1939. 

The article is of interest not only because of the organization involved 
but also because of the floor plan which is included, as well as construction 
details which are given. Neglecting some of these details may mean the 
difference between satisfactory operation and dissatisfaction. L.C.T. 

584. Refrigeration as Applied to Air Conditioning. John R. Hertzler, 

York Ice Machinery Corp. Ice and Refrig., 96 : 105! 1939. 

A brief description of electric, gas, coal, and oil operated units is 
included. Advantages and disadvantages are briefly listed. L.C.T. 

585. Maintaining Refrigerating Plant Efficiency. H. L. Lincoln, Gen. 

Plant Mgr., Union Ice Company, San Francisco, Calif. Ice and 
Refrig., 98 : 368. 1940. 

The author presents a convenient check sheet for making monthly operat¬ 
ing comparisons. In making comparisons of one plant with another it is, 
of course, important to take into consideration such factors as water and air 
temperatures as well as any' other items which might make a difference in 
operating conditions. Adjustments must therefore necessarily be made. 

Graphs are included to show refrigeration required in ice storage ui?der 
various conditions, ratio of tons of refrigeration to tons of ice where different 
raw water temperatures are used, refrigeration requirements for cold stor¬ 
age with varying outside temperatures, and a graph showing KW-hrs. per 
ton of ice at 20 lbs. suction pressure used by a belt-driven horizontal am¬ 
monia compressor when the temperature of the water to the condenser varies 
and when different raw water temperatures prevail. L.C.T. 
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ABSTRACTS OF LITERATURE 

ADVANCE ABSTRACTS OF REPORTS TO APPEAR IN THE 
JOURNAL OF DAIRY SCIENCE 

586. Relationship of Curing Temperatures to Quality of American Ched¬ 
dar Cheese. H. L. Wilson, S. A. Hall, and Wm. T. Johnson, Jr., 
Division of Dairy Research Laboratories, Bureau of Dairy In¬ 
dustry, U. S. Department of Agriculture. 

A report of a study to determine the effect of curing temperatures on the 
quality of American Cheddar cheese in which one hundred and sixteen vats 
of milk of good quality were made into cheese, and the four duplicate cheeses 
made from each vat were stored as follows: One was held for 6 months at 
34° F.; one for 3 months at 50° plus 3 months at 34°; one for 6 months at 
50°; and one for 3 months at 60° plus 3 months at 34°. 

The following results were obtained: 

In the group stored for 3 months at 50° plus 3 months at 34° F., and 
also in the group stored 6 months at 50°, the majority of the cheeses were 
better in quality than the duplicates (or controls) that were stored 6 months 
at 34°. But in the group stored 3 months at 60° plus 3 months at 34°, the 
majority of the cheeses were poorer in quality than the duplicates stored 6 
months at 34°. 

Of the 116 cheeses that were stored 6 months at 50° F., about 80 per cent 
had a score of 92 or more at the end of the storage period and the other 20 
per cent had a score of less than 92. Of the high-scoring group, 81 per cent 
were better in quality than, or as good as, the duplicate that was stored 6 
months at 34 °; wdiereas, of the lower-scoring group, only 26 per cent were 
better than, or as good as, the duplicate stored 6 months at 34°. 

From these data, it appears that if a cheese is destined as a result of some 
inherent defect in the making process to have a score below 92, it will have a 
relatively higher score if it is held nt 34° F. than if it is cured at 50°. 

When cheese is held 6 months at 34° F., the percentage that will score 92 
or better will be about the same whether the moisture content is above or 
below 38 per cent. When cheese is cured at any of the three higher tempera¬ 
tures used in this experiment, however, the percentage scoring 92 or better 
will be from 5 to 15 per cent in favor of the low-moisture cheese. 

Cheese made from milk of good quality and by methods which insure 
cheese of good quality can be cured at temperatures as high as 50° F. with 
reasonable certainty of developing a clean and characteristic Cheddar flavor. 

From past observations, cheese made from bacteriologit&lly poor milk or 
so manipulated that these is a tendency to develop acid, bitter, or other off- 
flavors, should be stored at 34° F. in order to retard the development of these 
defects as much as possible. 
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587. A Technique for Perfusing Excised Bovine Mammary Glands. 

W. E. Petersen, J. C. Shaw, and M. B. Vjsscher, University of 

Minnesota. 

Details are given for a suitable apparatus that will produce the necessary 
pulsations and the desired blood pressure, and has provisions for aeration 
of the venous blood. Care in excising and handling the mammary gland as 
well as the general features involved in conducting a perfusion experiment 
are discussed. W.E.P. 

588. Some Factors Involved in Efficient Milking. Kenneth Miller and 

W. E. Petersen, University of Minnesota. 

Data are presented to show the effect upon milk and fat production of 
lengthening the interval between milking and stripping; stimulating the cow 
to let down the milk sometime before the milking begins and increasing the 
length of time involved in the milking process. Delaying the time when 
cows are stripped following the milking machine has little or no effect upon 
milk and butterfat production. Stimulating the cow to “let down” milk 
20 minutes before milking decreased both milk production and fat percentage 
and had a tendency to “dry off” cows. Lengthening the time required for 
milking had the same effect as stimulating the “let down” before the milking 
begins. The observed effects are tentatively explained as being due to a 
dissipation of the oxytocic principle before the milk is emptied out of the 
alveoli and ductules of the gland. W.E.P. 

589. The Relationship of Ascorbic Acid to Reproduction in the Cow. 

Paul H. Phillips, JL A. Lardy, P. D. Boyer, and George M. 

Werner, Departments of Biochemistry and Dairy Husbandry, 

University of Wisconsin, Madison. 

The results of these experiments have shown (1) that the ascorbic acid 
content of plasma averaged 0.39 mg. per cent for cows of all breeds studied, 
(2) that there is a difference between breeds with the Holstein lower than 
the Guernsey, (3) that there is a higher concentration of ascorbic acid in 
the plasma of the cow in mid to late estrum than there is in anestrum, (4) 
that generally speaking there is no difference between good and poor breed¬ 
ers in their peak concentrations of ascorbic acid during estrum, (5) that the 
subcutaneous ascorbic acid therapy of “hard to settle” cows results in a 
positive response in 60 per cent of the cases treated, (6) that ascorbic acid 
therapy does not correct cases of cystic ovary or other anatomical abnormali¬ 
ties, and (7) that a-tocopherol proved ineffective in restoring tone to a 
toneless uterus. 

From these researches the conclusion is evident that ascorbic acid is inti¬ 
mately associated with the early phases of the reproductive processes and 



BOOK REVIEWS 


A217 


it can be successfully used as a therapeutic measure in treating certain types 
of sterility in the cow. 


BOOK REVIEWS 

590. Judging Dairy Cattle. E. S. Harrison, Cornell University. March, 

. 1940. 132 pages. Price $2.75. John Wiley and Sons, Inc., New 
York. 

This book makes a valuable addition to the literature on dairy cattle 
breeding and judging. It. is beautifully illustrated. The photographs used 
are those produced by H. A. Strohmeyer, Jr., and J. T. Carpenter, Jr. The 
subjects were well selected and the photography is excellent. The author 
relies on the pictures to explain his points and to demonstrate the character¬ 
istics under discussion. The subject matter is brief and to the point. This 
book should be of interest to teachers, dairy cattle judges and breeders. 

The author introduces the main theme of the book with a brief statement 
of his philosophy about dairy cattle breeding and the importance of type in 
a constructive breeding program. He makes it clear that he believes that 
first and foremost a dairy cow must, produce large amounts of milk and fat 
year after year. He questions the value of short time records or even single 
lactations as a measure of a cow’s ability. He feels that a great majority of 
the high producing cows which continue to produce year after year are cows 
of acceptable type. He draws these conclusions from his immediate experi¬ 
ence with the Cornell University dairy herd and from a study of the produc¬ 
tion records of show cattle and the production records of cattle officially 
classified. 

In chapter one the author reproduces the score cards and the true type 
pictures of the cow's of the five dairy breeds. He discusses the value of the 
score cards and use that may be made of them. 

He illustrates with photographs, in chapter tw’o, the difference between 
desirable and undesirable heads and necks. The pictures are accompanied 
wdth a minimum of explanatory material. 

Chapter three deals with the mammary system. Pictures are extensively 
used to show in great detail the udder, flank and milk veins, both side and 
rear view's. They show the common udder faults, accompanied by brief 
explanations. In this chapter, tw r o excellent udders are shown dry and in 
full milk flow'. Here the author discusses the characteristics to be looked for 
in the dry and lactating udder. 

In chapter four, the legs and feet come in for consideration. The author 
stresses the desirability of strong legs properly placed and set. The com¬ 
mon faults, such as crooked hind legs, close hocks, overly straight hind legs 
and weak pasterns, are all well portrayed and described. Several pages are 
devoted to the need of giving feet the proper care. The author shows wdiat 
happens when feet are neglected and allowed to get long and out of shape. 
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Several pictures are used to show just how a cow’s foot should be trimmed. 
This is an especially good demonstration and shows the methods which all 
dairymen might well use. 

Chapter five deals with the chest, chine, crop and shoulders. The author 
gives reasons for the desired characters and demonstrates effectively with 
photographs the correct and incorrect form. The photographs show the 
chest conformation and its relation to the set of the front legs. 

Chapter six is devoted to reasons and placings. Here, pictures show 
front, rear and side views of several pairs of cows and the author gives his 
reason for the placing of each pair. 

Chapter seven is given over to the problem of heifer judging. The 
author here spends considerable space explaining the characteristics to look 
for in the undeveloped udder. He emphasizes the need to consider the size, 
shape and placement of teats as well as udder attachment fore and rear. 
This chapter includes an interesting group of photographs of two noted 
show cows portraying their development from calf hood to maturity. 

The last chapter deals with judging of bulls. The author recognizes the 
fact that the real value of a bull is determined by his get. In the show 
ring he feels that the bull of sharp angular type should be given preference 
since that corresponds to the type desired in cows. Here as elsewhere, the 
author uses numerous pictures to illustrate his meaning. C. L. Blackman 

591. Official and Tentative Methods of Analysis of the Association of 
Official Agricultural Chemists; 5th Edition. Published by As¬ 
sociation of Official Agr. Chemists, Washington, D. C. 757 pages, 
$5.00. 

This handbook of analytical procedures published about every five years 
is a compilation of tentative and official methods for the analysis of food and 
agricultural products. Analytical methods are proposed by a referee of 
the Association for acceptance as tentative methods after having been sub¬ 
jected to collaborative study in various laboratories. Tentative methods, 
after having been given further study and consideration may become, upon 
approval by the Association, official methods. The official methods are 
acceptable for court action; tentative methods are acceptable for court 
action in the absence of official methods for the same analysis. 

The book consists of 40 chapters plus (25) tables, appendix and index. 
Chapters of particular interest to the dairy industry are those on beverages; 
malt beverages, sirups and extracts, and brewery materials; cocoa bean and 
its products; coloring matter in foods; dairy products; eggs and egg pro¬ 
ducts; flavoring‘extracts; fruits and fruit products; metals in foods; oils, 
fats and waxes; sugars and sugar products; vitamins; waters; brine and 
salt. 

New additions to the sections on Dairy products are the phosphatase 
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test (Gilcreas), the bioassay technique for the vitamin D line test, estima¬ 
tion of citric acid in malted milk powder, determination of mold mycelia in 
butter, and estimation of solids in milk by specific gravity measurements. 
Revision and extension was made of methods for detection of gums in 
cheese and the preparation of butter samples for estimation of moisture con¬ 
tent. Tentative methods which have become official are: the estimation of 
fat in malted milk, and ash and total chlorides in cheese. Approximately 
100 tests (primarily proximate analyses) for dairy products alone* are 
detailed. 

Tentative methods for estimating zinc colorimetrically, for determining 
the thiocyanogen number of fats and oils, and a micromethod for reducing 
sugars are included in other sections. Microbiological methods for exami¬ 
nation of frozen egg products, and sugar are also included. 

The new section on vitamins includes only assay methods for vitamin D 
in milk and in concentrates for poultry feeds. 

Despite enlarged scope and increased material, the convenient size of this 
famous ‘‘Book of Methods’’ has been retained by economy of verbiage, with¬ 
out affecting its usefulness. K.G.’W. 

BACTERIOLOGY 

592. The Rosenthal Anaerobic Method. A. A. Miles. Lancet, 239: 7. 

1940. 

When “technical” chromium powder was substituted for pure chro¬ 
mium powder in the Rosenthal method a gas was evolved which was bac¬ 
tericidal to some species of spore-bearing anaerobes and bacteriostatic to 
others. The toxic gas was believed to be hydrogen sulphide. J.F.C. 

BUTTER 

593. New Aids to Better Cream. C. IT. Parsons, Swift and Co., Chicago, 

Ill. Nat. Butter and Cheese J., 31: 8,14. 1940. 

It was observed that mixed lots of cream when held under adverse con¬ 
ditions tend to be nearer the quality of the poorest component rather than 
an average of all lots. A series of experiments which were conducted to 
simulate farm conditions show that the quality of cream is somewhat better 
maintained when containers of minimum surface area are used and when 
the cream is not stirred during the gathering period, rather than when held 
in the conventional cream can and stirred after each addition of cream. 
Investigations should be initiated to simplify and improve methods of main¬ 
taining quality of cream on the farm and should deal with such problems 
as cleaning and sterilization of separator and utensils, exclusion of extrane¬ 
ous matter, cooling methods, and design of cream containers. W.V.P. 
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594. What is the Cost of a Pound of Butter? G. M. Pelton, Swift and 

Co., Chicago, Ill. Nat. Butter and Cheese J., 31: 8, 10. 1940. 

Every creamery operator should determine costs in his own plant. 
Kinds of costs and expenses are: procurement expenses, plant delivered 
cost and processing expense. These costs and expenses are broken down to 
show specific items which must be included in calculating cost per unit of 
production. Operators should figure test costs frequently to guard against 
unexpected changes and are shown how to make the calculations. No actual 
costs are given. W.V.P. 

595. Incubation Test as an Indication of the Keeping Quality of Butter. 

H. B. Naylor and E. S. Guthrie, Cornell Univ., Ithaca, N. Y. 

Nat. Butter and Cheese J., 31: 9, 10. 1940. 

Ten churnings which were laboratory made under conditions to insure 
the best possible keeping quality and 28 churnings from 4 creameries were 
subjected to the incubation test for keeping quality. Salted samples from 
each churning were tested for moisture and salt. Salted and unsalted 
samples were analyzed for total and caseolytie bacteria, pH and scored for 
flavor when fresh, after 7 and 14 days storage at 60°, after 3 months at 0° F. 
and after 10 days at 60° F. following the 0° F. storage period. Salted and 
unsalted butter made in the laboratory showed little or no flavor deteriora¬ 
tion under any conditions. The incubation test predicted fairly well the 
keeping quality of the high grade butter. The pH of salted samples (9.5 
per cent NaCl in the brine) was lower than the unsalted, probably due to 
the NaCl effect on the hydrogen ion. There was no correlation between 
either pH or bacterial content and keeping quality of high grade butter. 
The incubation test was quite reliable for predicting keeping quality of 
commercial butter samples. The salted samples kept best. Flavor and pH 
values on unsalted butter dropped during incubation both before and a&er 
cold storage but pH in salted samples did not change regardless of flavor 
changes. Only unsalted samples seemed to show deterioration in flavor due 
probably to caseolytie types of Gram-negative, rod-shaped organisms. 

W.V.P. 

596. Preparation and Care of Starters. Article 1 . Michael B. Michae- 

lian, Verley Products Corp., Chicago. Nat. Butter and Cheese J., 

31: 9, 16. 1940. 

This article defines bacteria, yeasts and molds and explains some terms 
commonly used in discussing starter cultures. The cause of aroma and 
flavor in starters is reviewed. The creatine test for acetylmethylearbinol 
plus diacetyl and its application in judging starters are described. 

W.V.P. 
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597. Factors Affecting Mold Mycelia Content of Butter. W. L. Slatter, 
Ohio State Uuiv., Columbus, Ohio. Nat. Butter and Cheese J., 
31: 9, 50. 1940. 

Representative samples of first and second grade creams were obtained 
from individual producers in central Ohio. Acidity, fat, mold, yeast and 
mold mycelia content were determined on each raw cream sample. Samples 
were neutralized, pasteurized, cooled and churned. Mold, veast and,mold 
mycelia content of the butter were determined. Mold mycelia contents of 
butter and the cream from which it was made are not closely related. From 
questionnaires filled out by each producer it was determined that butter 
with the lowest mold mycelia content is produced by large herds where 
cream is cooled, kept cold and delivered at least twice a week. W.V.P. 

CHEESE 


598. Use of By-products in Making Cheese Spreads. C. R. Barker, Oak 

Park, Ill. Nat. Butter and Cheese J., 31: 8, 64. 1940. 

Cheese processed with condensed or dried whey or condensed or dried 
skimmilk forms an excellent cheese food. Five to 10 lbs. of whey solids can 
be used per 100 lbs. of finished product; more wliey solids tend to produce 
lactose crystals. Desirable spreading properties are produced with 42 to 44 
per cent water. When skimmilk solids arc used the casein builds up cheese 
body so that cream, butter or water must be added to give spreading prop¬ 
erties. The pH of cheese mixtures should be adjusted to 5.5 to 5.9 with 
citric or phosphoric acids to avoid putrefactive spoilage. W.V.P. 

599. Retarding Mold in Cheese. Anonymous. Nat. Butter and Cheese 

J., 31: 8, 12. 1940. 

* Frederick W. Miller, Jr., E. I. du Pont de Nemours and Co., conducted 
tests to show the effects of propionic acid, and sodium and calcium pro¬ 
pionates on growth of mold on cheese cuts enclosed in cellophane. Half 
pound wedge-shaped pieces of cheese were first exposed to air contamina¬ 
tion then immersed in the treating solution, drained, wrapped and sealed in 
300 MST Cellophane hags, and finally stored at 58° to 60° F. and 90 per 
cent relative humidity. The results show that propionic acid is about twice 
as effective as the solution of salts. Mold growth is retarded by more con¬ 
centrated solutions, longer immersion periods, shorter draining intervals 
before wrapping, tight fitting wrappers and limited amounts of contamina¬ 
tion. Treatment in 8 per cent propionic acid for 15 seconds and a 4-minute 
draining period produces 18 to 21 clays mold delay. Excessive concentra¬ 
tions or prolonged treatments with acid or salt solutions cause undesirable 
changes in color and surface flavor. W.V.P. 
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600. Process Cheese on a Small Scale. C. R. Barker, Oak Park, Ill. Nat. 

Butter and Cheese J., 31: 9, 15. 1940. 

Prospective manufacturers should have a knowledge of bacteriology, 
chemistry, dairy husbandry, cheese manufacture and selling. Recom¬ 
mended pieces of equipment for a single story operation are a steam 
jacketed kettle, a large powerful grinder, an inexpensive filling machine to 
match the kettle in size, and a conveyor for boxes. W.V.P. 

601. Fifty Years of Cheese Making. C. F. Doane, Salem, Oregon. Nat. 

Butter and Cheese J., 31: 1-9. 1940. 

Information from fifty years of close contact with the cheese industry is 
reviewed in a series of 9 articles published in 9 issues. I (31: 1, 30. 1940) 
The granular type of cheese made 50 years ago has practically disappeared 
along with the curd sink and blade curd knife. The hot-iron test made 
development of the cheese industry possible and the whey separator made 
factories more efficient. II (31: 2, 30. 1940) High ideals of quality have 

been lowered by the sale of green cheese, by excessive yields and lack of pay¬ 
ment for a superior cheese. The consumer does not recognize inferior 
quality in green cheese. Ill (31: 3, 56. 1940) Cheese making has been 

favored by climatic conditions in northern states. Pasteurization of milk 
has been introduced as a necessity in southern states and New Zealand but 
the value of the process can be questioned because of ripening difficulties. 
Process cheese lacks positive quality but sells because it is uniform, adver¬ 
tised, packaged and mild in flavor. IV (31: 4, 42. 1940) Good milk is 

necessary for good cheese. Helpful tests to measure quality are the curd 
test, gas tubes and methylene*blue test. Tillamook has made better returns 
because of high quality milk and this can be done anywhere in the United 
States not affected by long hot spells. Utensils, strainers and milking 
machines may contaminate milk but every factory patron must produce 
good milk and can do so easily at practically no extra expense. V (31: 5, 
14. 1940) Acid development is commonly linked with desirable quality 
and control of fermentations in eheesenmking. But acid development 
should be restricted for best results. Even in control of gas, acid may 
really be less effective than commonly supposed. Low acid development in 
making lengthens the time of curing but improves cheese quality, par¬ 
ticularly the flavor, and decreases chances of loss from excess acid. VI (31: 
6, 36. 1940) Standards of composition compatible with good quality are 
fixed by law. It is the privilege and duty of skillful makers to control 
cheese composition. Such control can be attained through proper manipu¬ 
lations of acid and heat plus daily tests for moisture. Where correct 
standardization of fat is practiced there is no loss of quality. VII (31: 7, 
12, 1940) Canning of natural cheese for curing retains volatile flavors 
both good and bad and the flavors of the cheese are thus intensified even 



CHEMISTRY 


A223 


when a venting valve is used to release partially the pressure of gas formed 
during normal curing. A flavor called salty-acid or metallic in canned 
cheese is a permanent defect but putrid flavor and odor tend to disappear 
on exposure to air. Even good milk may produce cheese with some off 
flavors when it is ripened in cans. Pasteurized milk has been used to com- 
‘mercialize cheese canning but this treatment does not always produce the 
desirable flavors of raw-milk cheese. The salt-acid criticism may be due to 
the natural salts of milk rather than to bacterial changes. The addition of 
water to the milk removes some of the milk salts and the resulting cheese is 
improved in salt-acid flavor and produces gas for a shorter time in curing. 
The characteristic putrid flavor is eliminated when the canned cheese is 
ripened under a slight vacuum. The use of a square hoop and can to form 
and cure many small rectangular packages of cheese at moderate cost may 
be a desirable development but the plan of merchandising is not yet clear. 
VIII (31: 8, 30. 1940) The Tillamook cheese industry is an unusual 
cooperative effort which has prospered because of a good manager, favor¬ 
able climate, control of milk and cheese quality, careful grading and uni¬ 
formity of product. IX (31: 9, 12. 1940) Starter organisms help de¬ 

velop acid more rapidly in cheesemaking but may not control undesirable 
types of bacteria. Starter added to excess spoils Cheddar cheese even¬ 
tually if not immediately; 0.5 per cent is more satisfactory than 0.75 per 
cent which is about the safe limit. Cheese makers should select starters 
carefully because of variations in the results attained with different cultures. 

W.V.P. 


CHEMISTRY 

602. A Biological Assay of Riboflavin in the Liver of the Cow, Calf, 

Sheep, Lamb, and Hog. O. B. Saffry, H. S. Cox, B. L. Kunertii, 
m and M. M. Kramer, Kansas State College, Manhattan, Kansas. J. 
Nutrition, 20: 169-174. 1940. 

The riboflavin content of beef, calf, lamb and pork livers was determined 
according to the Bourquin-Sherman method. The riboflavin values per 100 
grams were as follows: Lamb-liver, 4950-5400 mg.; mutton liver 4350 mg.; 
calf liver, 3450-4350 mg.; beef liver, 2850-3450 mg. and pork liver 2700 mg. 
Liver samples purchased in the winter season were slightly higher in ribo¬ 
flavin than samples purchased in the fall. C.F.H. 

603. The Effects of High Pressure on the Activity of Pepsin and Rennin. 

Jason E. Matthews, Jr., It. B. Dow% and Arthur Iy. Anderson, 
Dept, of Agr. and Biological Chem., and Dept, of Physics, Pennsyl¬ 
vania State College, State College, Pa. J. Biol. Chem., 135: 697. 
1940. 

The activity of pepsin and rennin decreased with pressure increase at 
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constant exposure time and was completely destroyed at pressures ranging 
between 5000 and 6000 kilos per sq. cm. Increase of exposure time at con¬ 
stant pressure likewise decreased the activity but to a lesser degree. Inac¬ 
tivation of pepsin and rennin by pressure depended strongly on the tem¬ 
perature. Loss of activity appeared to be dependent on certain buffers 
and the pH. 

Both enzymes were heavily coagulated by pressure treatment at 10,000 
kilos per sq. cm., a result that appeared to be the same as when the solutions 
were heated to 100° C. Although the product of denaturation by pressure 
appeared similar to that which had been denatured by heat the energy rela¬ 
tionship is different in the two processes. V.C.S. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

604. It Pays to Condense. P. S. Lucas, Michigan State College, E. Lan¬ 

sing, Mich. Nat. Butter and Cheese J., 31: 9, 36. 1940. 

Practical, efficient equipment for concentrating small amounts of milk 
is now available at reasonable cost. Small milk plants should consider the 
use of such equipment to dispose of milk solids profitably. Omitting over¬ 
head, the cost of condensing 30 cans of skimmilk to 10 cans in a 3-foot pan 
were estimated to be $0.79 for coal, $0.12 for electricity, $0.60 for water and 
$1.13 for labor. W.V.P. 

DISEASE 

605. The Control of Streptococcic Mastitis in a Certified Herd. O. W. 

Schalm, Univ. of Calif., Berkeley, Calif. Cert. Milk, 15: 167, 11. 

March, 1940. 

This paper presents the methods employed in eradicating streptococci 
mastitis from a certified herd. The program was based on the assumption 
that every cow shedding Streptococcus agalnctiac ♦ regardless of the condi¬ 
tion of its udder, is a potential source of infection of the clean cows in the 
herd. Once a cow was classified as infected, it remained in that classifica¬ 
tion irrespective of subsequent findings. W.S.M. 

606. Tubercle Bacilli of the Bovine Type in Skin Lesions. Editorial, 

Am. J. Pub. Health, 30: 551-552. 1940. 

This editorial discusses an article by an investigator in Western Poland 
who finds that the bovine type is more frequent in skin tuberculosis than in 
any other organ of the body. Lupus vulgaria is the most frequent form of 
skin tuberculosis dn Poland and it is estimated that there are some 25,000 
cases of lupus in that country. The cattle in Poland have a rather high per 
cent of tuberculosis and in Warsaw 50 per cent of the market milk is con¬ 
taminated with the tubercle bacillus. M.W.Y. 
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607. The Deterioration of the Bovine Udder in the Absence of Strepto¬ 

cocci. E. G. Hastings and E. H. Peterson. J. Agr. Res., 60: 3. 

Feb., 1940. 

Observations were made to determine the chemical composition and bac¬ 
terial flora of the foremilk of 11 Holsteiri-Friesian animals for the first three 
lactation periods. The animals were isolated from other animals and fed 
rations typical for many dairy farms. The chlorine and catalase values 
were found to increase during a lactation period and also increased from 
one lactation period to the next. By the middle of the third lactation 
period the average percentage of chlorine and catalase was above the values 
usually considered normal. The results of the bacteriological studies sup¬ 
plied no explanation for the ehemieal changes in the milk. The udders of 
each animal remained free of streptococci and no other organisms were 
found consistently or to any great extent during the three lactation periods. 
The authors suggest that the causes of mastitis or of deterioraion of the 
udder may be more complex than now supposed and indicate the need for 
more detailed and prolonged study of the subject. W.J.C. 

FOOD VALUE OF DAIRY PRODUCTS 

608. Nutritional Aspects of Milk. W. E. Krauss, Ohio Agr. Exp. Sta., 

"Wooster, Ohio. Cert. Milk, 15: 167. 3. March, 1940. 

A discussion is given on the use of our newer knowledge of nutrition for 
making milk a better food than it already is. W.S.M. 

609. Iron Utilization in Dogs on Milk Diets. D. V. Frost, C. A. Elveh- 

jem, and E. B. Hart, Dept, of Bioehern., Univ. of Wisconsin, Madi¬ 
son, Wis. J. Nutrition, 10: 311-320. 1940. 

/The ratio of requirement of iron to copper is only about 5 to 1. Iron is 
absorbed and stored, hut does not become available for hemoglobin building 
unless adequate copper is supplied. 

Some degree of caution should be urged regarding the use of cobalt as 
a hematopoietic agent. Although in many instances small amounts of co¬ 
balt have appeared to stimulate hematopoiesis in dogs on milk diets, a clear- 
cut need for this element has not yet been established. C.F.H. 

610. Ascorbic Acid Content of Goat's Milk and Blood: Influence of 

Ascorbic Acid and Injections and Diet. M. S. Richmond, G. II. 

Satterfield, C. D. Grinnells, and W. J. Dann, Uriiv. of N. 

Carolina, Raleigh, and Duke Univ., Durham, N. Carolina. J. 

Nutrition, 20: 99-108. 1940. 

Goats were fed a ration consisting of alfalfa or lespedeza hay and a grain 
mixture consisting of 4 parts of corn, 3 parts cottonseed meal, 2 parts wheat 
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bran and 1 part oats. The animals were turned to pasture in season. 
Blood and milk samples were taken at approximately weekly intervals. 

The ascorbic acid in blood ranged between 0.6 and 0.8 mg. per 100 ml., 
and in milk between 0.5 and 2.0 mg. per 100 ml. There was no consistent 
relationship between the amount of ascorbic acid in the milk and that in the 
blood. The alternate feeding of a normal and an ascorbic acid-free diet to 
four goats indicated that the ascorbic acid of the blood is not closely depen¬ 
dent on the amount of ascorbic acid in the diet. 

The injection of 1 or 2 gm. of ascorbic acid intraperitoneally resulted in 
a large increase in blood and urine ascorbic acid, and a slight increase in 
milk ascorbic acid. C.F.H. 

611. The Utilization of Calcium in Carrots, Lettuce and String Beans in 
Company with the Calcium in Milk. J. B. Shields, B. W. Fair¬ 
banks, G. H. Berryman, and H. H. Mitchell, Div. of Animal 
Nutrition, Univ. of Illinois, Ilrbana. J. Nutrition, 20: 263-278. 
1940. 

Rats were used for experimental animals in a study of the relative avail¬ 
ability of calcium from various sources. The results indicated that the com¬ 
mercial desiccation of milk does not appreciably impair the value of its cal¬ 
cium in the nutrition of growing rats. The calcium of milk was definitely 
better utilized than the calcium of fresh carrots, fresh lettuce and fresh 
green string beans, which was 85, 80, and 74 per cent respectively as avail¬ 
able as the calcium of milk. 

The steam cooking of carrots and the commercial canning of green string 
beans do not modify appreciably the value of these vegetables as sources of 
dietary calcium. ' C.F.H. 


HERD MANAGEMENT 

« 

612. Raising Calves on Wire Floors. H. H. Tucker, Educational and 

Research Bureau for By-Product Ammonia, Columbus, Ohio. Cert. 
Milk, 15: 168, 9. April, 1940. 

This article describes in detail the construction of wire floors for the calf 
pen. The virtues for this new type of floor are ; (1) the labor required to 
care for calves is greatly reduced over that normally required; (2) a great 
saving in bedding; and (3) an increased growth and development of the 
calves, and decreased losses due to death and sickness. W.S.M. 

MILK 

613. Receipts, Utilization, and Prices of Milk and Cream in Maine Milk 

Control Areas. George F. Dow, Maine Agr. Exp, Sta. Bull., 399. 
March, 1940. 

A presentation of developments in the public control of milk prices up 

i 
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to July, 1939, an analysis of milk distributors * records submitted to the 
Maine Milk Control Board up to December 31, 1937, and a study of other 
readily available information pertaining to milk distribution in Maine. 
Twenty thousand, four hundred and twelve monthly reports of 927 distribu¬ 
tors were included in the study of 29 areas, comprising receipts and dis¬ 
posal of 109, 392,867 quarts of milk and 4,936,549 quarts of cream. A study 
of milk control operation in the state of Maine included in this bulletin is 
of interest because it is quite largely based upon the business of the pro¬ 
ducer-dealer and small dealer type rather than that of the large milk dealer. 
Average surplus in markets included in the study was 16.0 per cent for milk 
and 17.3 per cent for cream. A flat price plan was used for paying pro¬ 
ducers in the smaller markets where producer-distributors handled most of 
the milk. A classified price plan was used in eleven of the larger markets 
where large quantities of milk were purchased. The average price paid 
producers per quart of 4.0 per cent milk under a classified price plan was 
5.9 cents for fluid milk, 3.9 cents for surplus milk, and 5.5 cents for all milk. 
The average price paid producers for heavy cream in most markets was 
$1.75 per gallon. None of the markets had regulations providing for base 
ratings or equalizations of sales because the amount of surplus milk was 
relatively small. The average spread for distributing cream was three to 
six times higher than for milk, indicating relatively wide spreads and high 
profits per unit of cream sold. L.M.D. 

614. Why Milk?—From the Standpoint of Human Health and Econom¬ 

ics. E. V. McCollum, Johns Hopkins University, Baltimore, Md. 

Cert, Milk, 15: 169, 3. May, 1940. 

The importance of milk in the diet from the standpoint of proteins, min¬ 
erals and vitamins is discussed. It is pointed out that nutritionists are 
gradually impressing upon the public that prevention and not cure of 
deficiency diseases is the object to be sought. W.S.M. 

615. Conditions Influencing Cream Volume of Raw and Pasteurized 

Milk. C. L. Roadhouse and J. L. Henderson, Univ. of Calif., 

Davis, Calif. Cert. Milk, 15: 168, 7. April, 1940. 

It was found that the rapidity and extent of cooling have the greatest 
influence on the cream layer volume of both raw and pasteurized milk. 
However, the temperature to which the milk is cooled to give the maximum 
cream layer is not the same for both kinds of milk. The greater cream layer 
volume in raw milk will be secured when it is cooled immediately to 50° F. 
after milking, bottled and then stored for several hours at 40° F. In pas¬ 
teurized milk the greatest cream layer volume is secured when the milk is 
flash cooled to 40° F. or below and stored at 40° F. or below until the cream¬ 
ing has been at least partially completed. W.S.M. 
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616. Comparative Study of the Bacterial Flora of Grade A and Grade B 

Milk in New York City. M. L. Isaacs and M. Nussbaum, De- 

Lamar Inst, of Pub. Health, Columbia Univ., New York, N. Y. 

Am. J. Pub. Health, SO: 9, 2-22. 1940. 

A total of 1,130 samples of Grade A and Grade B raw and pasteurized 
milk were studied. Laboratory tests used were total counts on old and new 
standard methods agar; count on blood agar • microscopic count; identifica¬ 
tion of genera and species, quantitative counts of coliform organisms, Clos¬ 
tridia spores, yeasts and molds; and toxicity test on guinea pigs. 

Agar plate counts of Grade A milk by Standard Methods gave monthly 
median values ranging from 22,000 to 300,000 for the raw, and from 450 to 
2,400 for the pasteurized product. The range of Grade B milk, by the 
same methods, was from 160,000 to 890,000 for the raw, and 8,400 to 21,000 
for the pasteurized. Use of the newly adopted official agar raised the 
counts of most samples of milk and increased considerably the number of 
samples of Grade B milk with counts in excess of the limit allowed by the 
present Sanitary Code of New York City. From this and other tests, the 
conclusion is made that Grade A milk is a more uniform and cleaner product 
than Grade B milk. M.W.Y. 

617. The Responsibility of The Milk Producer to the Consumer. W. E. 

Krauss, Ohio Agr. Exp. Sta., Wooster, Ohio. The Bimonthly Bull., 

25: 203, p. 31. Mareli-Apr., 1940. 

In line with producing clean, safe milk, it is the responsibility of the 
producer to actively participate in movements to eradicate from herds dis¬ 
eases which can be transmitted through milk. A second responsibility is 
to make efforts to lower costs of production while still maintaining high 
standards. In this the producer can be aided by membership in a dairy 
herd improvement association. Another duty of the producer is to make 
use of the latest knowledge of the relationship between good feed and high 
quality milk, from a nutritional standpoint. P.H.T. 

618. Essentials for Producing Good Milk and Cream. D. R. Theophjlus, 

Univ. of Idaho., College of Agr., Moscow 7 , Idaho. Ext. Circ., No. 

66. May, 1940. 

Simple procedures for producing good milk and cream are listed and 
discussed. Next in importance to having healthy cows is cleanliness of 
barns, milkers and utensils. Satisfactory methods of cleaning and steriliz¬ 
ing are given. A diagram of a well-planned milk-house is shown as are 
photographs of proper equipment. P.H.T. 

619. Variations in the Percentage of Fat in Cows' Milk. I. E. Parkin, 

Pa. State College, School of Agr. and Exp. Sta., State College, Pa.. 

Circ., 222. May, 1940. 9 
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In this circular various reasons are given for the fluctuation in the per¬ 
centage of fat in cows’ milk, such as the breed of cows, inherited charac¬ 
teristics of the individual, seasonal variations, effect of time of freshening, 
and effect of feed and exercise. Mention is made of experimental work being 
done with drugs and hormones in an effort to increase fat percentages. 

P.H.T. 


620. Watery Appearance of Frozen Homogenized Milk. G. M. Tkout, 

Michigan State College, Agr. Exp. Sta., East Lansing, Mich. The 

Quarterly Bull., p. 10. Aug., 1940. 

Experiments were made which showed that homogenized milk freezes 
slightly more quickly than unhomogenized milk. After the frozen homo¬ 
genized milk was allowed to melt at 70° F. the milk became snowy or watery. 
After mixing, however, it appeared as smooth as the unfrozen milk. In 
general, the higher processing pressures resulted in a more watery appear¬ 
ance when the milk was frozen. The fat of slowly-thawed frozen homo¬ 
genized milk exhibited marked settling, while that of the rapidly-thawed 
milk showed the tendency to a lesser extent. For this reason fat analyses 
of the upper portion of slightly frozen homogenized milk may not give an 
accurate test of the fat percentage. P.H.T. 

621. Is One Grade of Milk Desirable? Editorial, Am. J. Pub. Health, 30: 

.1111-1112. 1940. 

The new regulations for milk in New York City are discussed. On 
September 1, 1940, the former Grade A and Grade B pasteurized milks were 
superseded by one grade of pasteurized milk designated as “Approved” 
with intermediate standards. Certified milk may still be sold. 

Bacteriological requirements for the new milk supply before pasteuriza- 
tiop are 150,000 per cc. in the country and 400.000 per cc. in the city, in con¬ 
trast to 100,000 per cc. and 200,000 per cc., respectively, for Grade A. 
After pasteurization, the standard is the same, 30,000 bacteria per cc. The 
cooling temperature for the “Approved” milk is 60° F. as against 50° F. 
for the former Grade A, and the age limit for the sale of the new grade is 
48 hours, instead of the 36 hours for Grade A. A cover cap is required for 
the new grade. The minimum butter fat is set at 3.3 per cent. Whether 
the new regulations for milk in New York City are an improvement or not 
is a matter that has aroused much controversy. M.W.Y. 

622. Automatic Control of Pasteurization. Advantages and Safeguards. 

A. W. Fuchs, U. S. Public Health Service, Washington, D. C. 

Am. J. Pub. Health, 30: 477-482. 1940. 

Safeguards of design and operation that must be required to insure 
proper pasteurization in automatic equipment are described and discussed. 



A230 


ABSTRACTS OF LITERATURE ON MILK AND MILK PRODUCTS 

Experience with the phosphatase test has indicated the superior reliability 
of automatic over manual pasteurization. While the safeguards that have 
been incorporated in automatic pasteurizers are still imperfect, they have 
been recently improyed so as to eliminate many of their weaknesses; on the 
other hand, the faults inherent in the human element of manual pasteuriza¬ 
tion are still present. M.W.Y. 

623. A Study of Concentration and Freezing as a Means of Preserving 

Fluid Whole Milk. R. T. Corley and F. J. Doan. Food Res,, 5: 

369. 1940. 

Pasteurization temperature of 82.2° C. (180° F.) were found preferable 
to lower temperatures. Homogenization after condensation retarded the 
development of tallowy flavor and coagulation during storage as did the 
higher pasteurization temperature. Such milk could be stored frozen for 
fifteen weeks and be reconstituted to normal milk showing in vitro digestion 
characteristics superior to boiled milk and somewhat similar to evaporated 
and acidified milk. Milk contaminated with copper develops tallowy flavor 
unless storage period is less than five weeks. P.A.D. 

624. High Temperature Short Time Pasteurization. II. D, Kay. Milk 

Industry, 21: 2. Aug., 1940. 

The author discusses the history of the high temperature short time 
pasteurization in Great Britain. The results of several installments of 
short time high temperature pasteurizers operating at different tempera¬ 
tures and for different periods of exposure are given. At the present time 
high temperature short time pasteurization does not meet the legal require¬ 
ments of pasteurization in England. W.J.C. 

PHYSIOLOGY 

625. Studies on the Secretion of Milk Fat. 3. The Effect of Thyroxine 

Administration on the Blood Lipoids and on the Nature of the 

Milk Fat. James A. B. Smith and Noshir N. Dastur, Hannah 

Dairy Res, Inst., Kirkhill, Ayr. Biochem. J., 34: 1093. 1940. 

The administration of thyroxine to cows markedly increased the yields 
of milk and milk fat. There was, however, no consistent change in the level 
of the non-fatty solids of the milk except for a slight decrease in the protein 
concentration. 

There was no alteration of any importance in the actual nature of the 
milk fat during the period when its yield was enhanced except for a slight 
temporary change at the beginning of the hyperthyroid period. The con¬ 
centration of sugar in the plasma was increased by some 10-26 per cent 
during the period of hormone administration and this was accompanied by 
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a general decrease of 10-20 per cent in the concentration of the main lipoid 
constituents. V.C.S. 


MISCELLANEOUS 

626. Locker Plant Operation. K. F. Warner, extension meat specialist, 
U. S. Dept, of Agr. Ice Cream Field, 36: 3, 12. Sept., 1940. 

Ten years ago there were only a few dozen food locker plants in 3 or 4 
states, while today there are over 2800 locker plants in 44 states. Over 75 
per cent of these plants are operated in connection with some other business, 
such as an ice cream plant, a creamery or an ice plant. 

Lockers of about 250 pounds capacity rent for from $5.00 to $15.00 a 
year, with or without additional service and service charges for preparing, 
packaging and freezing foods. 

It is claimed that locker plants can operate successfully with from 100 
to 150 lockers if operated in connection with some other business but where 
plants operate independently 300 to 600 or more lockers are customary. 
Construction costs vary from $25.00 to $40.00 per locker. 

The author points out that many farm families are able to produce their 
own food but they are not equipped to preserve it, thus frozen food lockers 
make it possible to supplement the ordinary diet of canned and salted foods 
with fresh home-grown beef steaks during the summer and fresh frozen 
chicken and strawberries in the winter. Many city families also find uses 
for frozen food lockers, but families who produce most of their food are 
better potential customers than families accustomed to buying most of it. 

The following disadvantages of locker service are listed: (1) Need of 
cash outlay when the locker is rented and the food purchased, (2) Foods 
may deteriorate in these lockers unless properly handled, and (3) There is 
no delivery service. 

I'lie importance of properly packaging and freezing suitable quality 
products is emphasized and the necessity of proper construction and insula¬ 
tion stressed. The question of selecting the most useful type of locker 
equipment also deserves serious consideration. It is finally stated ‘ ‘ Locker 
plants and locker service arc merely new efforts in the continuing process 
of adapting refrigeration to family needs.’* * W.C.C. 
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